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This task was a labor of love. We dedicate this book to our families without 
whose support and patience, we could not have finished this project; to our 
patients whose care and concerns remain our focus and priority; and to our 
younger colleagues and students who continue to inspire us.
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The enthusiastic reception and warm welcome of the first edition of this book was overwhelm-
ing and gratifying. Despite many standard texts that cover physiology and clinical aspects of 
endocrinology, this book found a special place because it focused on patient care and practical 
aspects of endocrine practice. In the current volume, we were fortunate to again have the honor 
of collaboration by international authors who pride themselves foremost as clinical endocri-
nologists. We hope our readers will find this updated, improved edition worthwhile, and use it 
for the benefit of their patients.

Our heartfelt thanks to our contributing authors and to our publisher.

Recife, Brazil Francisco Bandeira
Rochester, MN, USA Hossein Gharib
Recife, Brazil  Luiz Griz  
Sao Luis, Brazil Manuel Faria 
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Hyperthyroidism and Thyrotoxicosis

Vahab Fatourechi

 Introduction

The term thyrotoxicosis applies to a clinical condition result-
ing from increased thyroid hormone concentration and 
action. When the clinical condition is diagnosed by appropri-
ate laboratory tests, the etiology should be determined. A 
high radioiodine uptake of thyroid will usually indicate 
either a very common condition called Graves’ hyperthy-
roidism or a very uncommon TSH-secreting pituitary ade-
noma. A very low uptake or no uptake will indicate 
destructive thyroiditis, iodine-induced hyperthyroidism, or 
very rare cases of extra-thyroidal thyroid hormone produc-
tion or exogenous thyroid hormone intake. Normal radioac-
tive thyroid uptake can occur in mild Graves’ hyperthyroidism 
or in multinodular toxic goiter and toxic adenoma. 
Management should be problem oriented and should depend 
on the etiology. Antithyroid medications, surgery, or radioac-
tive iodine therapy can be used for high uptake types, and 
symptomatic therapy can be used for destructive thyroiditis. 
Iodine-induced hyperthyroidism will respond to antithyroid 
medications and elimination of exogenous iodine.

When the etiology is related to increased rate of thyroid 
hormone synthesis, the term hyperthyroidism is applicable. 
Thyrotoxicosis can also result from a destructive process in 
the thyroid resulting in unregulated excess release of stored 
thyroid hormones without increased production [1, 2]. The 
thyrotoxicosis syndrome may also be due to exogenous 
source either iatrogenic or factitious. Hyperthyroidism is 
considered subclinical if TSH is low with normal FT4 and 
FreeT3. In this case hypothalamus–pituitary axis senses the 
excess, and the negative feedback mechanism results in sup-
pressed or abnormally low thyrotrophic hormone (TSH). 
Thus it can be argued that this is a biochemical definition 
rather than a clinical one. Subclinical hyperthyroidism may 

be symptomatic or asymptomatic but in either case could 
have adverse effects [3]. In the United States, subclinical 
hyperthyroidism is more common (0.7%) than clinical 
hyperthyroidism (0.5%), however much less common than 
subclinical hypothyroidism (3–10%). If biologic activity of 
thyroid hormones is reduced such as in thyroid hormone 
resistance [4], increased peripheral thyroid levels do not 
result in thyrotoxicosis syndrome.

Thyrotoxicosis is a syndrome with many diverse etiologies 
[1]. When clinical symptomatology along with biochemical 
findings establishes excess thyroid hormone effect, diagnos-
tic measures should be directed at finding the specific etiol-
ogy, since management and therapy will depend on the 
etiology. Graves’ hyperthyroidism is the most common cause 
of hyperthyroidism in the United States. Toxic multinodular 
goiter and toxic adenomas are the next common causes. 
Nodular toxic goiter is more common in older individuals and 
in geographic areas with historical iodine deficiency [5]. 
Inappropriate excess thyroxine (T4) therapy or T4 suppres-
sive therapies for follicular cell-derived thyroid cancer are 
also common causes of subclinical hyperthyroidism.

The first step after establishing the diagnosis of thyrotoxi-
cosis syndrome, if not contraindicated because of pregnancy 
or lactation, is to obtain a radioactive iodine uptake of thy-
roid. High radioactive iodine uptake (RAIU) in iodine- 
sufficient areas is consistent with Graves’ hyperthyroidism 
and very rarely TSH-producing pituitary adenoma or tropho-
blastic disease. Occasionally toxic nodular goiter may have 
mildly elevated uptake, but usually uptake is normal and 
sometimes low [6]. In Graves’ disease degree of elevated 
uptake is usually proportional to the severity of Graves’ dis-
ease; subclinical cases may have normal uptake. Very low 
and near-zero RAIU is consistent with silent thyroiditis, sub-
acute thyroiditis, postpartum thyroiditis, iodine-induced 
hyperthyroidism, drug-induced hyperthyroidism, or any 
cause of hyperthyroidism after iodine contrast studies or 
excess exogenous iodine consumption. Normal RAI uptake 
can be associated with mild or subclinical hyperthyroidism 
of Graves’ disease or nodular toxic goiter.
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Hyperthyroidism associated with Graves’ disease is an 
autoimmune condition in which the pathogenesis of 
hyperthyroidism is stimulation of TSH receptors by TSH 
receptor antibodies (TRAB) [7]. Pathogenesis of extra-
thyroidal manifestations such as ophthalmopathy and der-
mopathy is less clear. Interaction of TRAB with TSH 
receptors in non- thyroidal tissues is important in the 
pathogenic process [7, 8].

Recently published 2016 American Thyroid Association 
(ATA) guidelines for the management of various types of 
thyrotoxicosis conditions are an excellent source since rec-
ommendations are problem oriented [2].

 Presentation of Thyrotoxicosis State

Thyrotoxicosis usually presents with weight loss despite an 
increased appetite. Common symptoms are also palpita-
tions, decreased exercise tolerance and dyspnea, nervous-
ness, heat intolerance and excessive sweating, tremor, 
irritability, sleep disorder, and muscle weakness of varying 
degrees. In older individuals hyper-stimulation and adren-
ergic symptoms are less marked, and patients may be apa-
thetic and complain of fatigue, weight loss, and muscle 
weakness, or the disease may present with cardiac findings 
such as atrial fibrillation or heart failure. Increased appetite 
may be absent in the older patients who often have anorexia. 
In younger patients occasionally increased appetite may 
prevent weight loss, and in a few cases, even weight gain is 
reported [9]. Pedal edema can be present without heart fail-
ure because of vasodilation. Gynecomastia may be present 
in severe cases. Diarrhea is a feature but most patients may 
have only more frequent bowel movements. In the case of 
Graves’ disease, an enlarged firm thyroid may be present, 
but some patients have normal size thyroid. In Graves’ dis-
ease continuous bruits over thyroid may be audible, and 
flow murmur of carotid or venous hum may also be present 
[10]. Onset of symptoms in Graves’ disease is subacute 
over weeks, or months, whereas in multinodular toxic goi-
ter, it is slow and subtle over a longer period of time [10]. 
In the latter a palpable nodular goiter is present or may 
become visible after weight loss. Graves’ disease may pres-
ent with extra-thyroidal manifestations such as ophthal-
mopathy and dermopathy. Thyrotoxicosis may precede 
extra-thyroidal manifestations, occur simultaneously, or in 
some cases may develop later [7, 11]. Mild stare of the eyes 
may be present in severely thyrotoxic patients who do not 
have ophthalmopathy but is not a prominent sign in my 
experience. Thyroid dermapothy in Graves’ disease is usu-
ally a later manifestation and is associated with ophthal-
mopathy and high level of autoimmunity [12].

 Clinical Presentations of Thyrotoxicosis 
Mimicking Other Conditions

Severe proximal muscle weakness in individuals older than 
age 50 may result in neurology referral before diagnosis is 
made. Also, in the same age group, atrial fibrillation or con-
gestive heart failure may result in cardiology consultation. 
Symptoms of thyrotoxicosis are similar to anxiety disorder, 
and diagnosis is missed if thyroid dysfunction is not consid-
ered. In cases of postpartum thyroiditis 2–3 months after 
childbirth, symptoms in the mother can be attributed to poor 
sleep and newborn care, and thyroid diagnosis is often over-
looked. Elderly patients commonly present with apathetic 
form and do not have the usual hyper-stimulated features. 
Thus diagnosis may be missed and malignancy or depression 
may be suspected. In patients presenting with diarrhea and 
weight loss, malabsorption or gastrointestinal conditions will 
be in the differential diagnosis. Some patients may have hyper-
calcemia, and differential diagnosis of hypercalcemia initially 
may be a consideration before correct diagnosis [6, 10].

Laboratory studies may also be misleading. Suppressed 
TSH can be seen in pituitary problems, in euthyroid sick syn-
drome, and with medications such as high-dose corticoste-
roids. Elevated peripheral thyroid hormone levels can be 
seen in thyroid hormone resistance. In cases with increased 
thyroxine binding capacity, if only total T3 and T4 levels are 
measured, T4 and T3 levels will be high, but TSH will be 
normal [10].

A hypokalemic periodic paralysis syndrome can occur 
with thyrotoxicosis [13]. It is more common in Asian patients 
and much less common in other ethnic groups [14]. A genetic 
predisposition is needed, and attacks of paralysis are precipi-
tated by high carbohydrate intake and exercise. Acute attacks 
should be treated with parenteral potassium administration. 
Management of hyperthyroidism should be urgent and defin-
itive for achievement of euthyroidism by RAI or surgery 
[13]. To achieve immediate euthyroidism, surgical thyroid-
ectomy may be the best management in some cases of thyro-
toxic hypokalemic periodic paralysis.

 Thyrotoxicosis Syndromes (Table 1.1)

 Hyperthyroidism Associated with High Thyroid 
RAIU [5]

These conditions include Graves’ disease, TSH-secreting 
pituitary adenoma, and trophoblastic disease because of 
stimulation of thyroid by HCG, TSH receptor-activating 
mutations, and hyperthyroidism in pituitary thyroid hormone 
resistance and occasional cases of nodular goiter.

V. Fatourechi



5

 Hyperthyroidism Associated with Normal RAIU

In all of the above conditions of mild degree, in particular if 
hyperthyroidism is subclinical, radioiodine thyroid uptake 
may be normal [5]. RAI uptake is usually normal in toxic 
multinodular goiter and toxic adenoma. Some cases of mul-
tinodular goiter may have low radioactive iodine uptake [6].

 Thyrotoxicosis Associated with Very Low or 
Near-Zero (Table 1.2) Neck RAIU [2, 5]

These include iodine-induced hyperthyroidism, silent thy-
roiditis, granulomatous thyroiditis [15, 16], postpartum thy-
roiditis [17], and any form of thyrotoxicosis associated with 
exogenous iodine. One rare cause is struma ovarii [18] when 
thyroid RAIU is very low and pelvic ultrasound followed by 
pelvic radioactive iodine scan will be diagnostic. Silent and 
postpartum thyroiditis has a similar course as subacute gran-

ulomatous thyroiditis, but pain is not present and etiologies 
are either autoimmune [17] or drugs. Sedimentation rate will 
be normal and antithyroid antibodies will be positive. 
Palpation and surgical manipulation of thyroid may also 
cause transient thyrotoxicosis [19]. For diagnosis of silent 
thyroiditis, absence of history of iodine intake and iodinated 
contrast studies are needed, and for confirmation urinary 
iodine measurement is helpful. Transient thyrotoxicosis 
states are treated with nonselective beta-blockers such as 
propranolol (Table 1.3).

 Thyrotoxicosis with Low Thyroid RAIU and Low 
Serum Thyroglobulin

Iatrogenic and factitious thyrotoxicosis is associated with 
low RAIU [1]. In the presence of small thyroid size and thy-
rotoxicosis associated with very low thyroid RAI uptake and 
absence of iodine contamination, if factitious thyrotoxicosis 
is suspected, a very low serum thyroglobulin should suggest 
exogenous factitious or inadvertent thyroid hormone intake, 

Table 1.1 Causes of thyrotoxicosis

Hyperthyroidism associated with elevated or normal thyroid 
radioactive iodine uptake
Graves’ hyperthyroidisma

Multinodular goiter or toxic adenoma
TSH-producing pituitary adenomab

Some cases of thyroid hormone resistance
Hyperthyroidism associated with trophoblastic disease
TSH receptor-activating mutations
Hyperthyroidism in some cases of McCune–Albright syndrome

aIn mild cases RAI uptake may be normal
bUsually uptake is normal or occasionally low

Table 1.2 Causes of thyrotoxicosis

Thyrotoxicosis associated with near-zero thyroid radioactive iodine 
uptake
Silent thyroiditis
Postpartum thyroiditis
Surgery induced manipulation for non-thyroid neck surgery such as 
neck malignancy or parathyroid surgery
Granulomatous (subacute thyroiditis or de Quervain’s)
Acute infectious thyroiditis
External beam radiation-induced thyroiditis
Extensive metastatic follicular cancer encountered after 
thyroidectomy
Iatrogenic or factitious
Struma ovarii
Bleeding into functioning thyroid nodule
Amiodarone-induced thyroiditis
Drug-induced and biotherapy-induced thyroiditis
Thyrotoxicosis from meat or sausage with high thyroid tissue 
contamination
Iodine-induced hyperthyroidism
Any hyperthyroid cause associated with exogenous iodine ingestion 
or iodinated radiologic contrast (depending on the cause uptake may 
be low but not near zero)

Table 1.3 Medications commonly used in management of 
thyrotoxicosis

Symptomatic therapy
   Short-acting propranolola 10–40 mg TID–

QID
   Slow-release propranolol 70–240 mg QD–

BID
   Atenololb 25–100 mg QD–

BID
   Nadololc 40–160 mg QD
Antithyroid medications
   Methimazole, starting dosed 10–40 mg/

day
QD–
BID

   Methimazole, maintenance dose 5–20 mg/day QD
   Propylthiouracil (PTU), starting dosee 100–400 mg/

day
TID

   Propylthiouracil (PTU), maintenance 
dose

   Saturated solution of potassium iodidef

   5 drops (0.25 cc or 250 mg) BID 
alternative is lugol solution

50–200 mg/
day

BID–
TID

aPropranolol is a nonselective beta-blocker and has the potential of 
reducing T4 to T3 conversion at high doses. It is contraindicated in 
asthma. Should be stopped when thyroxine levels normalize
bAtenolol is a selective beta-1 adrenergic blocker
cNadolol is a nonselective beta-blocker and also has possibility of inhib-
iting T4–T3 conversion
dMethimazole has lower side effect profile than PTU and can be given 
once a day. It is the drug of choice except for first trimester of 
pregnancy
ePTU has higher rate of hepatic side effects and has to be given divided. 
Is the only antithyroid used in first trimester of pregnancy
fPotassium iodide is mostly used for preoperative preparation of Graves’ 
disease or management of thyroid storm. Although it has been reported 
for chronic use, ATA has no recommendations for or against its chronic 
use for therapy of mild Graves’ hyperthyroidism [2]

1 Hyperthyroidism and Thyrotoxicosis
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even if patient does not volunteer the history. If thyroglobu-
lin antibodies are positive, they interfere with the assay, and 
low thyroglobulin is not reliable. It should be noted that 
serum thyroglobulin may be normal if patient has preexisting 
nodular goiter concurrent with excess thyroid hormone 
intake. Herbal supplements for weight loss presumably con-
taining thyroid hormone have been reported with thyrotoxi-
cosis [20]. Consumption of hamburger and sausages 
containing thyroid tissue has also been associated with exog-
enous thyrotoxicosis in some reported cases [21].

 Thyrotoxicosis Presenting with Neck Pain

Three conditions may present with thyroid pain and thyro-
toxicosis: the most common is granulomatous thyroiditis or 
de Quervain’s thyroiditis [22], most likely a viral condition. 
It usually follows an upper respiratory infection, is associ-
ated with a febrile illness, and presents with exquisite thyroid 
pain and tenderness radiating to ears and very firm and irreg-
ular thyroid. One lobe can be involved first followed by the 
other. Thyroid hormone levels are elevated, TSH is sup-
pressed, RAIU is close to zero, sedimentation rate is high, 
blood count is normal, and serum thyroglobulin level is ele-
vated [22]. Hyperthyroid phase is followed by a transient 
hypothyroid phase and less commonly (in 5–15%) by perma-
nent hypothyroidism. The process lasts few months. 
Management of thyrotoxicosis is by nonselective beta- 
blockers (Table  1.3) and nonsteroidal anti-inflammatory 
agents (NSAIDS) and in severe cases with a short course of 
glucocorticoids. Recurrence may occur in 2–5% after several 
years [22].

The second cause of painful transient thyrotoxicosis is 
bleeding into a functioning nodule resulting in release of 
stored hormones. This will be unilateral with distinct palpa-
ble nodule. ESR is normal, radioactive iodine uptake is low, 
and serum thyroglobulin levels are extremely high. Diagnosis 
is by thyroid ultrasound showing cystic development in a 
nodule as a result of bleeding. Symptoms are usually mild; 
pain has a short duration. Duration of hyperthyroidism is 
also shorter than subacute thyroiditis [23].

The third cause is rare association of thyrotoxicosis with 
suppurative thyroiditis. Bacterial infection of thyroid and 
abscess formation are rare. Infection may occur after 
 procedures or spontaneously and also from infected piriform 
sinus fistula [24]. It is associated with fever and local inflam-
matory signs and symptoms and abnormal blood count. 
Diagnosis is with neck ultrasound showing abscess forma-
tion. Fine needle aspiration (FNA) and culture establish the 
infectious etiology. Thyrotoxicosis is usually short-lived and 
may be masked by inflammatory and systemic symptoms 
[24, 25]. Management is management of infection and beta- 
blocker for thyrotoxicosis symptoms.

 Drug-Induced Thyrotoxicosis 
and Hyperthyroidism

Iodine-containing contrast media can cause iodine-induced 
hyperthyroidism particularly in iodine-deficient areas and in 
patients with nodular goiter. The duration depends on the 
half-life of clearance of exogenous iodine. In the case of 
radiologic contrast media, usually it will be a few weeks or 
months; in the case of amiodarone, it may be months to a 
year. Lithium [26, 27], denileukin diftitox [28], interferon 
gamma, pembrolizumab anti-PD-1 monoclonal antibodies 
(an immune checkpoint blocker) [29], pegylated interferon 
alfa-2b [30], and anti-cytokine therapies and biotherapies 
can cause transient painless thyroiditis that lasts weeks to 
few months and should be managed with beta-blockers and 
supportive care. Sometimes thyroid autoimmunity such as 
Graves’ disease is induced by these medications. Tyrosine 
kinase inhibitors such as sunitinib and cabozantinib [31, 32] 
and thalidomide derivatives may cause thyroid dysfunction 
and sometimes thyroiditis with transient hyperthyroidism 
[31–33].

 Amiodarone-Induced Thyrotoxicosis

This is one of the most difficult management problems in 
thyroid practice [34–36]. Patients usually have a critical and 
sometimes life-threatening cardiac arrhythmia. Amiodarone 
has high concentration of iodine and after discontinuation of 
therapy may stay in the body up to 6–12 months. Obtaining 
thyroid RAIU is not helpful for diagnosis because it is low 
due to a high iodine pool. Two types of thyrotoxicosis are 
recognized with amiodarone: Type I is iodine induced and is 
more common in iodine-deficient areas. Type II, a toxic 
destructive thyroiditis, is the more common type. Type I 
occurs usually in the background of nodular goiter [34, 35]. 
It is essential to differentiate these two types since therapies 
are quite different. Therapy of type I includes antithyroid 
drugs plus discontinuation of amiodarone if it is considered 
safe. Therapy of type II is with glucocorticoids. Ultrasound 
of thyroid is helpful in differentiation of these two: In type II, 
thyroid size is usually normal and gland is distinctly hypo-
vascular [35]. The problem is that although most likely 
majority of the cases in the United States are type II, many 
cases are mixed and thyrotoxicosis develops as a result of 
both increased release and increased production of hor-
mones. Although pure type II should respond to corticoste-
roids within 2–5  weeks, sometimes combination empiric 
therapy with methimazole along with corticosteroids is used. 
In this situation early response to corticosteroids and nor-
malization of thyroid function within 2–5 weeks favor type II 
diagnosis. Amiodarone therapy should only be stopped if 
possible and safe, since iodine-induced type will continue 
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and type II thyroiditis may recur. Some cases may not 
respond to medical therapy, and in those surgery is a good 
option for rapid cure [36, 37].

 Subclinical Hyperthyroidism

Subclinical hyperthyroidism is defined by lower than normal 
serum TSH, not explained by other causes such as pituitary 
disease, medications and acute illness, and normal levels of 
T3 and T4 [3]. This condition is more common than overt 
symptomatic hyperthyroidism. Etiologies are similar to clin-
ical hyperthyroidism and thyrotoxicosis. It is present in mild 
Graves’ disease or in early-stage toxic nodular goiter. 
Approximately 50% of subclinical hyperthyroidism cases 
have subtle symptoms such as increased pulse rate. 
Symptoms are usually absent if TSH is >0.1 mIU. Younger 
individuals may tolerate the condition without adverse 
effects, but in postmenopausal women increased bone loss is 
the consequence. Individuals older than 60 years have three 
times higher likelihood of atrial fibrillation [38]. There is 
some epidemiologic evidence suggesting increased mortality 
with persistent serum TSH levels <0.5  in this age group. 
Thus confirmed subclinical hyperthyroidism should be 
treated in this group [39, 40]. Therapy depends on etiology. 
In cases of toxic adenoma or multinodular goiter, resolution 
of subclinical hyperthyroidism is unlikely, and definitive 
therapy with radioactive iodine or surgery should be recom-
mended. More than one abnormal test over time is needed 
before intervention.

Transient causes such as silent and subacute thyroiditis 
can be managed by beta-blockers while waiting for resolu-
tion. In subclinical Graves’ disease, antithyroid and RAI 
therapy are equally effective. In younger age group, beta- 
blocker therapy alone or observation is acceptable [39].

 Hyperthyroidism Associated with Pregnancy

Differentiation of physiologic gestational thyrotoxicosis 
from hyperthyroidism in the first 3 months of pregnancy is 
important and often difficult [41]. Thyroid is stimulated by 
human chorionic gonadotropin (HCG). TSH may be low or 
even suppressed, and symptoms may also be misleading. 
Very high levels of free T4, presence of goiter, and positive 
TRAB are helpful for diagnosis. Preexisting Graves’ disease 
may improve during pregnancy and may relapse after child-
birth. Treatment of hyperthyroidism is PTU in the first 
3 months because of teratogenic effect of methimazole [2, 
42], but after the first trimester, PTU can be switched to 
methimazole because of its lower side effect profile. Total T4 
should be kept 1.5 times above the upper limit of normal and 
free T4 at the upper limit of normal to prevent fetal hypothy-

roidism. Surgery can be done in the second trimester if there 
are adverse reactions to antithyroid therapies, or large doses 
of antithyroids are required for control of hyperthyroidism 
[43]. In mild cases of Graves’ disease under antithyroid ther-
apy, discontinuation of antithyroid therapy and observation 
in the onset of pregnancy may be a consideration (2).

There is no evidence that subclinical hyperthyroidism has 
adverse effect in pregnancy for the fetus or the mother; thus 
therapy is not recommended [43].

 Fetal and Neonatal Hyperthyroidism

Because TRAB crosses the placenta and can affect fetal thy-
roid, these antibodies should be checked at weeks 18–22 in 
pregnant patients with current or previous history of Graves’ 
disease or a history of neonatal Graves’ or previous elevated 
TRAB [2]. If TRAB is positive at 2–3 times above normal, 
fetal thyroid should be monitored by ultrasound at 
18–22  weeks and repeated every 4–6  weeks. Evidence of 
fetal hyperthyroidism is goiter, hydrops, advanced fetal bone 
age, increased pulse, and cardiac failure. In this case even if 
the mother is euthyroid on thyroxine therapy, antithyroids 
should be given with close monitoring. Neonatal hyperthy-
roidism is fortunately temporary, but short-term antithyroid 
therapy for the newborn may be needed [2].

 Hyperthyroidism in Pediatric Age Group

In this age group, the cause is usually Graves’ disease, and 
The American Thyroid Association guidelines recommends 
avoidance of RAI therapy in children younger than age 5, 
and in this group methimazol therapy or surgery in the hands 
of high volume surgeons is recommended.

ATA guidelines allow RAI therapy as an acceptable ther-
apy in some older children with certain conditions [2]. 
However, most clinicians prefer long-term antithyroid ther-
apy and (avoiding PTU) in some persistent cases 
thyroidectomy.

 Hyperthyroidism in Trophoblastic Disease

HCG and TSH have similarities in their structure and recep-
tors. Thus in the first trimester of pregnancy, TSH levels are 
low and have inverse relationship with HCG levels. Mild 
physiologic thyrotoxicosis by HCG stimulation may be pres-
ent that may be more pronounced in hyperemesis gravidarum 
[44]. Very high levels of HCG in hydatidiform mole and cho-
riocarcinoma can present with significant hyperthyroidism 
and even thyroid storm [44, 45]. Treatment is management of 
the trophoblastic condition and antithyroid therapy.

1 Hyperthyroidism and Thyrotoxicosis
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 Hyperthyroidism with Inappropriately Normal 
Serum TSH in TSH-Producing Pituitary 
Adenoma

In the presence of inappropriately normal serum TSH with 
elevated thyroid hormone levels and symptoms of hyperthy-
roidism, laboratory artifacts such as heterophile antibodies 
and abnormal binding to proteins should be excluded, as 
should thyroid hormone resistance. An MRI of pituitary 
should follow. Elevated beta-subunit will be in favor of TSH- 
secreting pituitary adenoma causing hyperthyroidism. These 
cases are very rare [2].

 Hyperthyroidism in Thyroid Hormone 
Resistance

Most adult patients with generalized thyroid hormone resis-
tance have elevated peripheral thyroid hormone levels and 
inappropriately normal serum TSH and have clinical thyroid 
[46]. If there is pituitary thyroid hormone resistance or if the 
degree of resistance is higher in the pituitary than in the 
peripheral tissues, hyperthyroidism may occur [47]. 
Diagnosis of this rare condition is difficult and should be 
guided by clinical evaluation surrogates of excess thyroxine 
effects such as sex hormone-binding globulin (SHBG) may 
be useful.

 Thyrotoxicosis Associated with “Café au Lait” 
Pigmentation and Fibrous Dysplasia (McCune–
Albright Syndrome)

In this syndrome associated with polyostotic fibrous dyspla-
sia and “café au lait” pigmentation, because of constitutive 
activation of G(s) alpha by inhibition of its GTPase, non- 
autoimmune hyperthyroidism may develop and may be asso-
ciated with nodular goiter. In this rare syndrome, treatment is 
surgery or RAI ablation. Remission with antithyroid medica-
tions does not occur [2].

 Non-autoimmune Hyperthyroidism Caused by 
Genetic Mutation of TSH Receptor

Germline-activating mutation of TSH receptor is a rare cause 
of hyperthyroidism in infancy and childhood. Best treatment 
after preparation with antithyroid medications is surgery at 
appropriate age. In adult patients RAI therapy can also be 
considered [48]. Activating mutations can also result in toxic 
adenoma that may present in adulthood.

 Metastatic Follicular Cancer 
and Hyperthyroidism

Thyrotoxicosis is rarely a presenting picture in widespread 
metastatic follicular cancer. Occasionally it may present 
after excision of the primary tumor and may resolve with 
radioactive iodine therapy or excision of bulky tumors or 
tyrosine kinase inhibitor therapy [49]. It also can present 
with T3 toxicosis because of high rate of conversion of exog-
enous T4 to T3 of the therapeutic administered T4 by tumor 
that expresses high di-iodinase [50].

 Hyperthyroidism Associated with Normal T4 
but Elevated T3 (T3 Toxicosis)

It is doubtful that T3 toxicosis is a distinct entity [2]. In the 
early phase of hyperthyroidism, only T3 elevation may be 
present, and T4 elevation occurs later. It is conceivable that 
in iodine-deficient areas and in certain conditions, more T3 
than T4 may be produced. Patients with hyperthyroidism on 
antithyroid therapy and after failure of RAI therapy may 
have normal free T4 and elevated free T3.

Patients on excess thyroid extract therapy also have T3 
toxicosis which can be associated with normal or low free 
T4, suppressed TSH, and elevated free T3 levels. This is due 
to excess T3-to-T4 ratio in the commercial thyroid extract 
products. Thus in patients with thyroid extract therapy, mea-
surement of peripheral hormones does not correlate with thy-
roid function status, and TSH measurement is the definitive 
test for assessment of therapy.

 Laboratory Investigation of Thyrotoxicosis 
and Hyperthyroidism

Although the first and most sensitive test in the presence of 
normal pituitary function is serum TSH, it is only an indirect 
measure of thyroid function, and when thyrotoxicosis is sus-
pected, circulating hormone levels such as free T4 and free 
T3 should be measured [2]. First, free T4 should be mea-
sured, and, if normal, measurement of free T3 should follow. 
To differentiate between the two main categories of high and 
low RAIU thyrotoxicosis, thyroid RAIU should be measured 
next [2]. Thyroid scan usually is not needed except for cases 
of nodular disease with hyperthyroidism [2]. Ultrasound is 
sometimes helpful in the differential diagnosis. Ultrasound 
identifies nodule size, number of nodules, and vascularity. 
Increased vascularity in a diffuse goiter suggests Graves’ 
disease, whereas low vascularity is seen in cases of destruc-
tive thyroiditis such as type 2 amiodarone-induced hyperthy-
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roidism [34]. Also in cases of Graves’ disease, associated 
significant conditions such as occult malignancy change the 
management. When there is doubt about the etiology and 
also for prognostic assessment and monitoring of antithyroid 
therapy effectiveness, measurement of TRAB is helpful [2, 
8]. Thyroid-stimulating immunoglobulin assay (TSI), a bio-
assay, is more expensive and is being replaced by immunoas-
say of TRAB.

 Management of Thyrotoxicosis 
and Hyperthyroidism

For transient conditions such as silent, subacute, and post-
partum thyroiditis and all conditions associated with the 
release of stored thyroid hormones, symptomatic therapy 
with nonselective beta-blocker medications (Table  1.3) is 
adequate as noted previously [2]. Two major and common 
causes of hyperthyroidism, Graves’ disease and multinodu-
lar toxic goiter, require more detailed discussion.

 Management of Graves’ Hyperthyroidism

Nonselective beta-blockers, if not contraindicated, will 
improve most symptoms and can be continued until hormone 
levels are normalized by specific therapy [2]. Hyperthyroid 
patients may require relatively high doses, and 120–240 mg/
day of propranolol and equivalent other beta-blockers may 
be needed (Table 1.3). If beta-blockers are contraindicated, 
calcium channel blockers can be used [2].

Choice of modality of definitive therapy for Graves’ 
hyperthyroidism should be based on severity of hyperthy-
roidism, patient preference, and age of the patient.

Pediatric patients deserve a 1.5–2-year course of antithy-
roid medication [2, 51]. Longer-term antithyroid therapies 
are also a possibility. Methimazole is the drug of choice for 
all patients especially for pediatric age due to recent reports 
of life-threatening liver toxicity with (propylthiouracil) PTU 
[2, 51]. In pediatric patients if antithyroid medications are 
not tolerated, thyroidectomy would be an option. However, 
despite hesitancy to use in children, it should be noted that 
RAI therapy in pediatric group has not been associated with 
long-term adverse effects [2, 52].

In adults, one of these three choices should be presented 
to the patient: antithyroid drugs, radioactive iodine, or sur-
gery [2]. None of these modalities addresses the basic auto-
immune process in Graves’ disease, although a mild 
immunosuppressive action is suggested for antithyroid med-
ications. Theoretically, and based on some studies, a near- 
total thyroidectomy eliminates the source of thyroid antigen 
the fastest. RAI therapy increases the release of antigen 
hence TRAB levels in the first few months, but if total thy-

roid ablation is done eventually, the antigen source will be 
decreased, hence resulting in decreased antibodies later on, 
and there may be long-term benefit.

 Pros and Cons of Antithyroid Therapy

Antithyroid therapy for 18  months results in only a 50% 
remission rate. This is an argument in favor of thyroid- 
ablative modalities such as RAI, in particular in older indi-
viduals and in patients with comorbidities [2]. Patient should 
also be counseled about possible side effects of antithyroid 
therapy, such as skin allergy and a 1/1000 likelihood of 
agranulocytosis and pancytopenia [53], liver toxicity partic-
ularly with PTU [54], and rare cases of ANCA-positive vas-
culitis and lupus-like syndrome [55]. However some patients 
who want to avoid lifelong thyroxine therapy after ablative 
therapies prefer to use antithyroid drugs. The majority of 
endocrinologists in the United States traditionally have cho-
sen RAI therapy as the preferred definitive therapy in adults 
[2]. However the trend is changing to some degree in favor of 
antithyroid therapy [2].

If antithyroid therapy is chosen, drug of choice is methim-
azole with a starting dose of 20–30 mg daily which can be 
given in once-a-day program [2, 55]. Prior to initiation of 
therapy, a blood count and white count with differential and 
liver function tests such as transaminase and bilirubin should 
be obtained [2]. When thyroid functions normalize with ther-
apy, which is usually in 5–8  weeks, maintenance dose of 
5–10 mg will be usually adequate. Therapy should be contin-
ued for 18 months, and, at that point if thyroid function is 
normal; it can be stopped [2]. Under certain conditions and 
for patients with reduced life expectancy, nursing home 
patients, in pediatric age group, and if patient does not accept 
ablative therapy, antithyroid therapy can be continued for a 
longer period of time [2]. TRAB measurement 6  months 
after antithyroid therapy may predict the rate of remission or 
relapse and is recommended by ATA [2].

Monitoring of antithyroid therapy is by measurement of 
free T4, and T3 and liver function tests initially, and TSH, 
free T4, and liver function tests thereafter periodically. Blood 
count does not seem to predict impending agranulocytosis 
since it can happen in between tests. Advising patient to stop 
medication in case of complications, fever, and sore throat 
and obtaining a complete blood count with differential at that 
point are more helpful [2]. It should be noted that hyperthy-
roidism can cause mild leukopenia and also abnormal liver 
function tests, hence the need for baseline studies. If initial 
transaminases are more than five times, normal antithyroid 
therapy should not be initiated [2]. Measurement of TRAb 
levels prior to stopping ATD therapy is suggested because it 
aids in predicting which patients can be weaned from the 
medication, with normal levels indicating greater chance for 
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remission [2]. Minor skin reactions can be transient, but sig-
nificant skin allergies should result in discontinuing medica-
tions. At that point alternate therapies or switching to PTU 
should be considered. However because of cross-reactivity 
in the case of minor skin reactions, it may be best to choose 
RAI or surgery.

 How to Manage Recurrence 
of Hyperthyroidism After 18 Months 
of Antithyroid Therapy?

In adults, ablative therapy, preferably RAI therapy, is usually 
recommended. For women with pregnancy planned in the 
next 6 months, surgery may be a better choice. Surgery, with 
the availability of a high-volume experienced surgeon, may 
be suitable for patients with large goiter who are at good sur-
gical risk or have moderate-to-severe ophthalmopathy, 
because of concern about worsening of eye disease after RAI 
[2]. Long-term antithyroid therapy may be considered in 
very old patients or in children. Recent guidelines of ATA 
consider long-term antithyroid therapy as an acceptable 
option for patients [2]. This recommendation is based on 
recent studies providing evidence for safety and effective-
ness of long-term antithyroid therapy. A recent meta-analysis 
of six studies with duration of therapy of 41–98  months 
showed remission rate of 57% [56]. Patient preference also 
should be a factor in decision [2].

 Radioactive Iodine Therapy (RAI) for Graves’ 
Hyperthyroidism

In some clinics this is the first choice for initial management 
of nonpregnant adults with Graves’ disease who accept post- 
RAI hypothyroidism. RAI should be avoided in women who 
plan pregnancy in the next 6–9  months. But women who 
have no intention of pregnancy for 9 months but wish to have 
pregnancy after definitive management are also candidates 
for RAI therapy. Unavailability of a high-volume thyroid 
surgeon and failure of or intolerance to antithyroid therapy 
are also good indications for ablative radioactive iodine ther-
apy. Obviously, pregnancy and lactation are absolute contra-
indications. If RAI is given, it should be with the intention of 
making the patient hypothyroid within 3–6 months and to be 
followed by lifelong thyroxine therapy. The dose of RAI 
must be proportional to the size of thyroid and degree of thy-
roid RAI uptake. The weight of thyroid estimated by palpa-
tion, or volume measured by ultrasound, can be used. In our 
clinic, we usually give 200 micro-Curie (uCi) per estimated 
gram of thyroid weight adjusted for 24-hr RAIU.  Some 
authors suggest a fixed dose of 370 MBq for smaller thyroids 
and 555  MBq for larger goiters; however hypothyroidism 

rate in a 12-month follow-up was 56% for the lower dose and 
71% for the higher dose [57]. If same-day treatment is 
desired, a 4- or 3-hr [58] uptake can be obtained, and 24-hr 
uptake calculated. Prior PTU therapy reduces sensitivity to 
RAI, and for this group we give 250 uCi per estimated gram 
of thyroid weight. Methimazole may not reduce sensitivity 
to RAI.  RAI dose should not be underestimated since the 
desirable hypothyroidism will be achieved sooner with 
higher doses. In our clinic with the above program, 90% of 
patients will be hypothyroid within 3 months. TSH and free 
thyroxine should be obtained in 2 months and 3 months.

 Management Before and Immediately After 
RAI Therapy

Beta-blockers given before and for 4 weeks after RAI ther-
apy are usually adequate [2]. Patients with severe thyrotoxi-
cosis and patients with cardiac failure or with fragile health 
can be prepared with 3–4 weeks of methimazole therapy to 
reduce thyroxine levels to a safe range [59]. Antithyroid drug 
therapy should be stopped 3–5 days before RAI and can be 
restarted 3–5  days after RAI and continued for 4  weeks. 
Thyroid storm is rare after RAI, but worsening of symptoms 
if significant should be reported and approbate measures 
such as adjustment of beta-blockers, stable iodine, or short 
course corticosteroids be given.

 Surgical Management of Graves’ 
Hyperthyroidism

Surgery with near-total thyroidectomy, rendering patients 
hypothyroid and placing patients immediately on thyroxine 
therapy in the hands of experienced thyroid surgeon, is a 
safe and effective treatment for Graves’ disease [60]. It is 
an option for patients with very large goiters or with associ-
ated nodular disease, for patients with suspicious nodules 
in the thyroid, and for patients not responding to antithy-
roid therapy that do not want or are not candidates for RAI 
therapy. Pediatric age group patients with failure or intoler-
ance to antithyroid therapy [61, 62] are also candidates. 
Pregnant women with poor response to antithyroid therapy 
are also candidate for surgery in the second trimester of 
pregnancy. Patients with significant ophthalmopathy may 
also be candidates for surgery since it has been shown that 
after surgery TRAB decreases, whereas they increase with 
RAI therapy alone in the first year [2]. There is also 15% 
possibility of worsening of ophthalmopathy, 5% being per-
manent, if corticosteroid therapy is not given for 2–3 months 
concurrently [63]. Thyroidectomy for Graves’ hyperthy-
roidism should be done only by a high-volume endocrine 
surgeon.
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 Preparing Patients with Graves’ 
Hyperthyroidism for Surgery

Although mild cases can be prepared with beta-blockers and 
iodide (few drops of Lugol’s solution or SSKI in water or 
juice three times a day for 10 days prior to surgery) [2, 64], 
usually it is best to normalize or significantly improve thy-
roid function with methimazole prior to surgery. With these 
precautions postoperative thyroid storm can be avoided. 
Iodine reduces vascularity as well as release of thyroid hor-
mones from the gland.

To reduce the rate of post-surgical significant hypocalce-
mia, ATA suggests that calcium and 25-hydroxy vitamin D 
should be assessed preoperatively and repleted if necessary 
or given prophylactically. Calcitriol supplementation should 
be considered preoperatively in patients at increased risk for 
transient or permanent hypoparathyroidism [2].

 Management of Severe Hyperthyroidism 
and Thyroid Storm

Severe life-threatening thyrotoxicosis can occur in patients 
with associated non-thyroid-related acute conditions such as 
infection, rarely after radioactive iodine therapy, abrupt ces-
sation of antithyroid therapy in severe cases, thyroid or non- 
thyroid surgery, and in unrecognized and untreated patients 
[2, 64]. Thyroid storm manifests by arrhythmia, heart failure, 
hyperpyrexia, dehydration, hypotension, vomiting, diarrhea, 
confusion, agitation, stupor, and occasionally coma [65]. 
This is a true endocrine emergency and should be managed 
in intensive care setting [2] with hydration, cooling, respira-
tory support, and management of arrhythmia and cardiac 
complications. Thyroid hormone synthesis should be blocked 
by high-dose antithyroids (60 mg of methimazole or 600 mg 
of PTU) followed by inorganic iodide drops to stop release 
of thyroid hormones. Intravenous corticosteroid therapy is 
usually needed. Plasmapheresis has been used effectively in 
some cases [66]. Some cases of severe hyperthyroidism at 
risk of thyroid storm, but not yet in crisis, can be treated with 
combination of above modalities in outpatient setting with 
close observation.

 Management of Toxic Adenoma and Toxic 
Multinodular Goiter

Comprehensive guidelines for management of toxic ade-
noma and toxic multinodular goiter are well outlined else-
where [2].

In single toxic adenoma, surgery is more appropriate for 
larger toxic nodules, younger patients, patient desire for a 
rapid cure, desirability of less than 1% incidence of postsur-

gical hypothyroidism as opposed to 3–20% for radioactive 
iodine therapy, and 100% rate of cure of hyperthyroidism as 
opposed to 80% for radioactive iodine [2]. Availability of 
experienced thyroid surgeon, absence of comorbid condi-
tions, and increased risk of surgery should be taken into 
account. RAI on the opposite is more appropriate for older 
patients, smaller nodules in younger individuals [2].

For toxic multinodular goiter (Plummer’s disease), same 
factors should be considered. However, in multinodular 
disease the rate of hypothyroidism after thyroidectomy is 
100% and is low after radioactive iodine therapy [2]. 
Compressive symptoms and presence of nodules with risk 
of malignancy will be an indication for surgery. Antithyroid 
medications are not appropriate for long-term therapy of 
nodular toxic disease except for individuals with decreased 
life expectancy or increased risk factors for other modali-
ties. In general antithyroids are not recommended except 
for preparation for surgery or in some cases prior to radio-
active iodine therapy. Beta-blockers are usually adequate 
pre-therapy and post- therapy for radioactive iodine and 
pre-therapy for surgery. For patients receiving RAI therapy, 
isotopic thyroid scan should be available since nonfunc-
tioning nodule will need FNA for confirmation of benign 
nature prior decision for RAI therapy [2]. ATA suggests 
that alternative therapies such as ethanol or radiofrequency 
ablation of TA and TMNG can be considered in select 
patients in whom RAI, surgery, and long-term ATD are 
inappropriate, contraindicated, or refused and expertise in 
these procedures is available [2].

 Management of Hyperthyroidism Associated 
with Ophthalmopathy and Thyroid 
Dermopathy

Management of hyperthyroidism in the presence of ophthal-
mopathy is a matter of debate [67]. Surgery, and to a lesser 
degree antithyroids, reduces the receptor antibody levels, 
whereas RAI if not given with concomitant corticosteroids 
may increase the TRAB in the first year. Tobacco cessation 
in smokers and rapid achievement of euthyroidism are essen-
tial [67, 68]. In the absence of ophthalmopathy and in non-
smokers, ATA guidelines recommend RAI therapy without 
concurrent corticosteroids. For mild ophthalmopathy and no 
risk factors for thyroid eye disease, ATA accepts all three 
modalities of therapy, but if radioactive iodine is chosen, 
concurrent corticosteroid treatment is recommended. 
However, ATA recommends antithyroid therapy or surgery 
for moderate-to-severe and sight-threatening ophthalmopa-
thy [2]. Ablative therapy by radioactive iodine or surgery 
eliminates source of thyroid antigen and may have theoreti-
cal long-term benefit on the course of extra-thyroidal mani-
festations, but evidence is lacking.
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 Conclusions

Thyrotoxicosis is the general term for excess thyroid hor-
mone action. Hyperthyroidism is when thyroid is producing 
and releasing excess hormones. The most common cause is 
Graves’ hyperthyroidism, the next being toxic nodular goiter 
(Plummer’s disease). There are also several rare causes of 
overproduction of thyroid hormones. In conditions when 
destructive process in the thyroid results in release of stored 
hormones, the term thyrotoxicosis is a better term, since thy-
roid is not overproducing hormones. In these conditions only 
symptomatic therapy is needed. For hyperthyroid overpro-
duction category, either antithyroid medication or ablative 
therapies such as surgery and radioactive iodine are needed. 
Recent ATA guidelines recommend long-term antithyroid 
therapy as an option for some patients with Graves’ disease 
and emphasize the importance of periodic TRAB measure-
ment during antithyroid therapy as a guide for prediction of 
remission. Management of thyrotoxicosis syndromes should 
be tailored to the cause associated with autoimmune mani-
festations, age of the patient, and other clinical consider-
ations and patient preferences.
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Hypothyroidism

Jad G. Sfeir and Hossein Gharib

 Introduction

Hypothyroidism is the clinical state which results from either 
inadequate production of thyroid hormone or impaired action 
of thyroid hormone at the tissue level. It is defined by the 
laboratory parameters of a low free thyroxine (FT4), associ-
ated with an elevated thyroid-stimulating hormone (TSH) in 
primary hypothyroidism or, less commonly, a low to low- 
normal TSH in central hypothyroidism.

Primary hypothyroidism, where the defect is at the level 
of the thyroid gland itself, accounts for over 95% of cases of 
overt hypothyroidism. The remaining 5% are caused by sec-
ondary or tertiary hypothyroidism (defect at the level of the 
pituitary gland or the hypothalamus) or thyroid hormone 
resistance.

Subclinical hypothyroidism (SCH), defined as an eleva-
tion in TSH but with a corresponding normal FT4 level, 
assumes that there is an intact hypothalamic-pituitary- 
thyroid axis and an absence of intercurrent illness. The val-
ues should also be reproducible over a 4–6-week period.

Given vague symptomatology that overlaps with other 
endocrine and non-endocrine disorders, hypothyroidism is 
commonly tested in clinical practice. It thus becomes impor-
tant to differentiate overt hypothyroidism that thyroid hor-
mone replacement, from non-thyroidal cause of such 
symptoms as fatigue, weight gain, or impaired cognitive 
function.

 Epidemiology

The prevalence of overt hypothyroidism in the United 
States has been reported to range between 0.3% and 0.8% 
and in Europe between 0.2% and 5.3% [1–3]. Worldwide, 
its prevalence is between 0.6 and 12 per 1000 women and 
between 1.3 and 4.0 per 1000 men [4]. The variation in 
reported prevalence is due to both differences in case detec-
tion and availability of dietary iodine, whereby a lower 
prevalence is seen in areas of iodine deficiency [5]. 
Subclinical hypothyroidism is more prevalent with an esti-
mation of 0.7–13% in US adults [1].

There are significant ethnic and sex differences in thy-
roid disease prevalence. It is ten times more common in 
women than men, and its incidence rises with age [6]. 
White and Mexican Americans are at approximately three 
times higher risk compared to Black Americans [1]. 
Pregnant women also seem to be at higher risk, with gesta-
tional hypothyroidism, defined as both overt and subclini-
cal hypothyroidism, reported at 15.5% based on large 
laboratory-based datasets [7].

 Clinical Presentation and Physical 
Examination

Common clinical presentation of hypothyroidism is gener-
ally related to decrease in metabolism and consequent symp-
toms of fatigue, weight gain, cold intolerance, constipation, 
and less commonly in extreme situations myxedema and 
hypothermia. Other symptoms include decline in cognitive 
function, dry skin, and muscle weakness. However all of 
these symptoms are nonspecific to thyroid disease and over-
lap with other endocrine diseases such as abnormal glucose 
metabolism or pituitary or adrenal dysfunction.

Associated biochemical and laboratory abnormalities 
include dyslipidemia, elevation in creatinine phosphokinase, 
prolactinemia, hyponatremia, and mild anemia.
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Physical signs of hypothyroidism are notoriously nonspe-
cific and vary according to the severity of the disorder. The 
use of sensitive thyroid assays has largely superseded the 
value of physical examination findings in making the diag-
nosis of thyroid dysfunction (Table 2.1).

A firm, moderate-sized goiter that moves freely on swal-
lowing is the most common physical feature of Hashimoto’s 
thyroiditis. A large goiter can also be found in patients with 
severe iodine deficiency. Rarely, an atrophic gland is present, 
the end result of autoimmune destruction of the gland. The 
natural history of the untreated goiter is a slow enlargement 
over many years. When there is rapid, painful enlargement of 
the gland, thyroid lymphoma should be suspected, and an 
expedient work-up performed.

 Etiology

 Primary Hypothyroidism

Primary hypothyroidism has several causes, all resulting in a 
decreased output of thyroid hormone from the thyroid gland. 
The most common cause in the United States and other 
iodine-sufficient areas is chronic autoimmune thyroiditis, 
known as Hashimoto’s thyroiditis. The hallmark of the dis-
ease is the presence of circulating antithyroid peroxidase 
(TPO) antibodies. Histopathologic examination of the thy-
roid gland, if performed, reveals diffuse lymphocytic infiltra-
tion, follicular destruction, and Hürthle cells. There is a 
polygenic susceptibility, with a known association between 
Hashimoto’s thyroiditis and HLA-DR3 [8]. Other factors 
such as pregnancy, radiation exposure, and, as evidenced by 
animal studies, viral infections can also predispose to devel-
oping the condition [9].

Worldwide, the most common cause of primary hypothy-
roidism is iodine deficiency with approximately two billion 
people at risk, particularly those living in mountainous areas 
due to persistent glacial runoff depleting iodine stores. Large 

geographic areas of Africa and Asia also remain iodine- 
deficient. Consumption of cassava which contains com-
pounds metabolized to thiocyanate enhances the 
iodine-deficient state by inhibiting thyroid iodine transport. 
Iodine is required for thyroid hormone production and an 
essential mineral component of the hormone. The World 
Health Organization recommends a daily iodine intake of 
150 μg for the general adult population and 200 μg for preg-
nant or lactating women.

Other forms of thyroiditis may also cause primary hypo-
thyroidism. Subacute or granulomatous thyroiditis that ini-
tially presents with neck pain and biochemical 
hyperthyroidism may progress to transient or permanent 
hypothyroidism. In one study, about 10% of patients devel-
oped permanent hypothyroidism, defined as an elevation in 
TSH lasting beyond 1  year [10]. Postpartum thyroiditis 
(PPT) may present with hyperthyroidism followed by tran-
sient hypothyroidism, hyperthyroidism alone, or hypothy-
roidism alone in about 50% of cases, usually within 
2–6 months after delivery. It is more common in women with 
elevated titers of TPO antibodies, which confers up to a 50% 
chance of developing PPT [11]. Most patients are euthyroid 
within the first postpartum year, although permanent hypo-
thyroidism is more likely to develop in women with higher 
TSH values and higher antibody titers [12].

Iatrogenic hypothyroidism includes surgical thyroidec-
tomy and post-ablative hypothyroidism. Hypothyroidism 
occurs up to 4 weeks following total thyroidectomy owing 
to thyroxine’s half-life of 7 days. Data from patients under-
going radioactive iodine therapy for Graves’ disease indi-
cate that the rate of subsequent hypothyroidism is largely 
dependent on the dose of radioiodine used; in the United 
States, most patients are hypothyroid within the first year of 
treatment [13]. External beam radiation which exceeds 
25 Gy also causes hypothyroidism, which may be gradual in 
onset.

Infiltrative processes including hemochromatosis, lym-
phoma, amyloidosis, and sarcoidosis are rare causes of pri-
mary hypothyroidism. They tend to present as progressive, 
painless bilateral enlargement of the thyroid gland and are 
usually part of more widespread systemic involvement of the 
underlying condition. Infection of the thyroid is rare as the 
gland is encapsulated and has good blood flow and a high 
iodine content. However Pneumocystis jiroveci infection in 
immune-compromised patients has been reported to cause 
enough destruction of the thyroid gland leading to inade-
quate thyroid hormone production [14].

Consumptive hypothyroidism is a rare disorder that was 
initially identified in infants with visceral hemangiomas. 
There is a marked elevation in deiodinase type 3 enzyme 
activity which results in the conversion of T4 to reverse T3 
and conversion of T3 to T2. The condition is treatable medi-
cally with glucocorticoids and interferon-α.

Table 2.1 Common physical examination findings in hypothyroidism

Skin Puffiness of the periorbital tissues, hands, and feet 
and supraclavicular fossae secondary to 
myxedema; pallor from anemia; dry, coarse skin 
secondary to reduced sebaceous gland secretions; 
easy bruising; dry brittle hair and nails

Cardiovascular Narrow pulse pressure; reduction in cutaneous 
blood flow leading to cool, pale skin; distant heart 
sounds (if pericardial effusion is present)

Gastrointestinal Weight gain from fluid retention, abdominal 
gaseous distension (myxedema ileus)

Nervous 
system

Slowing of higher mental function including 
speech, slowing of the relaxation phase of tendon 
reflexes

Muscular Slightly increased muscle mass due to interstitial 
myxedema, myoclonus
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Congenital hypothyroidism affects 1:2000 to 1:4000 live 
births internationally. In the United States, data from the 
National Newborn Screening and Global Resource Center 
(NNSGRC) reveals an incidence of 0.04% [15]. It is more fre-
quent in iodine-deficient regions; the prevalence of elevated 
TSH can be greater than 40 percent in severely iodine- deficient 
regions but less than 3 percent in iodine-sufficient populations 
[16]. Infants with the disorder have little to no clinical features 
of hypothyroidism, and they are detected largely through uni-
versal newborn screening programs in place since the 1970s. 
Thyroid dysgenesis is responsible for 85% of these cases, with 
the remaining being caused by defects in thyroid hormone 
production at every level. Worldwide, the commonest cause is 
thyroid ectopy which accounts for about two-thirds of patients 
with thyroid dysgenesis. Central congenital hypothyroidism is 
much rarer and may be missed by screening programs that 
utilize TSH only. These infants usually have other pituitary 
hormone deficiencies [17]. Transient hypothyroidism in 
infants can occur as a result of maternal iodine insufficiency, 
maternal TSH receptor-blocking antibodies, or exposure to 
antithyroid drugs; infants are rendered euthyroid once the 
offending agent (antibody or drug) is naturally cleared over 
several weeks following birth.

 Medication-Induced Thyroid Dysfunction

Medications can affect thyroid function in several ways; 
these are summarized in Table 2.2.

Drugs that affect thyroid hormone synthesis and secretion 
include amiodarone and other iodine-containing drugs and 
radiographic agents, lithium, perchlorate, and others. Other 
drugs increase thyroxine requirements by either binding to 
exogenous thyroid hormone, e.g., calcium salts, sucralfate, 
and cholestyramine, or increasing its metabolism, e.g., rifam-
picin, carbamazepine, and phenytoin. Tyrosine kinase inhibi-
tors such as sorafenib and sunitinib have been shown to cause 
hypothyroidism in up to 70% of patients, a side effect directly 
related to length of therapy [18]. The proposed mechanisms 
vary slightly between the different agents and include destruc-
tive thyroiditis with a reduction in thyroid hormone synthesis 
by inhibition of thyroid peroxidase activity. In patients already 
on thyroxine therapy, requirements increase, an effect thought 
to be mediated by type 3 deiodinase activity which increases 
the metabolism of T4 and T3 [19].

Medications that cause a reduction in TSH secretion, such 
as glucocorticoids, opiates, and dopamine agonists, are also 
implicated in causing hypothyroidism.

Immune checkpoint inhibitors have emerged as effective 
antitumor treatment for an increasing number of solid and 
hematologic tumors. The reported incidence of thyroid 
immune-related adverse effects varies based on medication 
type (anti-PD-1 vs. anti-CTLA-4) and seems to be more 

common when these drugs are used in combination as 
opposed to monotherapy. Overall, it is estimated between 5 
and 10% and more commonly presents as thyrotoxicosis 
followed by hypothyroidism (62%) or overt hypothyroidism 
(22%) [20].

Table 2.2 Common medications that affect thyroid function

Drug Mechanism
Inhibition of thyroid hormone synthesis and secretion
Amiodarone Inhibits type I and type II 5′ 

deiodinase, leading to decreased 
T3 generation from T4

Iodinated contrast agents Inhibit type I and type II 5′ 
deiodinase, leading to decreased 
T3 generation from T4
Decrease hepatic uptake of T4
Inhibit T3 binding to its nuclear 
receptor

Thiocyanate, perchlorate Inhibit iodide transport into the 
thyroid gland

Propylthiouracil, methimazole Inhibit thyroid peroxidase; 
propylthiouracil additionally 
inhibits peripheral conversion of 
T4 to T3

Lithium Inhibits iodide binding and 
thyroid hormone release

Decreased absorption of exogenous thyroid hormone
Calcium compounds, sucralfate, 
aluminum hydroxide, ferrous 
compounds, cholestyramine, 
colesevelam, proton pump 
inhibitors, H2 blockers

Bind to levothyroxine and reduce 
its absorption

Increased T4 clearance
Rifampin Induces hepatic microsomal 

enzymes
Phenobarbital, carbamazepine Induce hepatic microsomal 

enzymes
Compete with thyroid hormone 
binding to TBG
Accelerate the conjugation and 
hepatic clearance of T4/T3

Decreased TSH secretion
Dopamine, l-dopa, 
bromocriptine

Increase T3 synthesis from T4 in 
the brain

Opiates Block the breakdown of T3 in the 
brain

Others
Estrogens, SERMs Increase thyroid-binding globulin
Steroids Influenced by dose, type, and 

route of administration of 
glucocorticoid. Inhibit 
deiodination of T4; suppress TSH 
secretion; increase in renal iodide 
clearance

Salicylates Compete for thyroid hormone- 
binding sites on binding proteins

Thalidomide Immune-mediated subacute 
destructive thyroiditis

Immune checkpoint inhibitors Suggested to be immune- 
mediated thyroiditis

2 Hypothyroidism
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 Central (Secondary and Tertiary) 
Hypothyroidism

Central hypothyroidism is caused by TSH deficiency from 
disorders of the pituitary gland or hypothalamus. It is usually 
accompanied by deficiencies of other pituitary hormones and 
can vary in severity. About 15% of the function of the thyroid 
gland is independent of TSH, and therefore central hypothy-
roidism may be milder clinically than primary hypothyroid-
ism. Central hypothyroidism may be caused by tumors, 
surgery, and infiltrative, inflammatory, or infective processes 
and medications.

 Generalized Thyroid Hormone Resistance

Thyroid hormone resistance is a rare, autosomal dominant 
disorder in which the majority of patients have a mutation in 
the thyroid receptor TR-beta gene. This results in reduced 
T3-binding affinity at the level of the thyroid hormone recep-
tor and a reduced response to thyroid hormone. Two-thirds 
of patients have goiters, but their symptoms may be a mix of 
hypo- and hyperthyroid complaints. There is an increased 
prevalence of attention-deficit disorder which is present in 
about 10% of patients [21]. Laboratory testing shows an ele-
vated free thyroxine with normal or slightly increased TSH 
levels; the disorder therefore has to be differentiated from a 
TSH-secreting pituitary tumor. Treatment with T4 or T3 may 
be beneficial in patients with symptoms of hypothyroidism.

 Evaluation

Given the lack of sensitivity and specificity of clinical find-
ings, laboratory testing is essential to confirm the diagnosis 
and identify the cause of hypothyroidism.

The most sensitive, “gold standard” test is measurement 
of TSH levels using a third-generation chemiluminescent 
immunoassay, which has the advantage of being more sensi-
tive at the lower range than the second-generation test. The 
FT4 level will differentiate between overt and SCH. 
Equilibrium dialysis is the gold standard for the measure-
ment of FT4; however, direct measurement via ultrafiltration 
is the most widely available method. It can also be measured 
indirectly through the FT4 index. Total thyroxine levels are 
affected by conditions that increase binding protein (e.g., 
pregnancy and illness) and must therefore be interpreted 
with caution. There is considerable debate about the upper 
limit of normal for the TSH reference range. There is also 
suggestion of differences in reference range by sex, age, and 
ethnicity [22]. Data from the NHANES studies has shown an 
age-specific distribution of TSH, with higher normal values 
being seen in the elderly [23].

There is possibility for laboratory interference with 
human anti-animal antibodies or high levels of drugs and 
supplements such as heparin or biotin. Consequently, inter-
pretation of thyroid function testing should be interpreted 
carefully with consideration to the clinical presentation.

The diagnosis of Hashimoto’s thyroiditis is confirmed by 
the presence of circulating TPO antibodies, but antibodies to 
thyroglobulin (TG) and the TSH receptor antibody (TRAb) 
may also be present. The presence of TPO antibodies is 92% 
sensitive and 93% specific for the diagnosis of Hashimoto’s 
thyroiditis in the correct clinical setting [24]. Elevated titers 
of TPO antibodies can, however, be present in up to 11% of 
the general disease-free population [16]. In patients with 
SCH, the measurement of TPO antibodies is helpful in pre-
dicting the likelihood of progression to overt 
hypothyroidism.

Ultrasound of the thyroid gland is not routinely recom-
mended but may confirm the diagnosis of Hashimoto’s thy-
roiditis if the characteristic heterogeneous echotexture is 
seen.

 Treatment

Thyroid hormone replacement is the mainstay of treatment 
of hypothyroidism. Levothyroxine (LT4) is the preferred 
agent as it allows for normal physiologic mechanisms to 
maintain T3 production in peripheral tissues. It has a half-life 
of 7 days, and therefore dose titration should be done after 
about 6 weeks, allowing for equilibration to be achieved. A 
TSH goal should be used to adjust the dose of therapy, except 
in patients without an intact hypothalamic-pituitary-thyroid 
axis, in which case FT4 is used. Patients with suspected glu-
cocorticoid deficiency should be evaluated and treated prior 
to initiation of levothyroxine, as the latter may precipitate an 
adrenal crisis in untreated individuals.

The typical daily dose of LT4 in a patient without endog-
enous thyroid function is about 1.6 μg/kg body weight per 
day. Care should be taken when initiating treatment in elderly 
patients with angina, as thyroid hormone can increase myo-
cardial oxygen demand. Therefore, a recommended starting 
dose of 25–50 μg/day is preferred with titration by 12.5–
25 μg every few weeks in this population. Patients with SCH 
also require a lower starting dose of levothyroxine, if treat-
ment is initiated.

Levothyroxine should be taken on an empty stomach, ide-
ally separated from food by at least 1 hour. Several medica-
tions may affect the absorption of thyroid hormone 
(Table 2.2), and patients should be educated to allow at least 
4 hours to pass after a meal prior to taking thyroid hormone. 
Gastric acid is required for complete absorption of thyroid 
hormone; in patients on acid-reducing medication, one strat-
egy may be to administer the dose at night when there is 
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higher basal secretion of acid in combination with a slower 
intestinal transit time [25]. In patients who are unable to 
adhere to a daily dosing regimen, once-weekly dosing of 
levothyroxine with a dose slightly higher than seven times 
the daily dose has been shown to achieve biochemical euthy-
roidism without significant side effects [26].

Monitoring of therapy should be performed every 6 weeks 
after any change in treatment is made, be it to the dose or the 
brand of medication [27]. Among generic LT4 formulations, 
there is some variation in bioequivalence despite adherence 
to FDA standards. Therefore, in the athyreotic patient par-
ticularly, many practitioners advocate using brand name 
medication only. Once the ideal dose is achieved, monitoring 
can be done on an annual basis. Certain circumstances should 
prompt reassessment of thyroid function sooner, for exam-
ple, pregnancy which can increase requirements by up to 
50% [28]. Conversely, women on androgen therapy for 
breast cancer require less levothyroxine, as do hypothyroid 
patients in general as they get older. Medications can also 
interfere with thyroid hormone metabolism (Table 2.2), and 
these potential interactions should be kept in mind.

 Therapeutic Target

The goal of treatment of hypothyroidism is to restore both 
biochemical and clinical euthyroidisms. Most patients 
achieve normal TSH levels within the first year of treatment. 
One study estimated this at 75% in patients with spontaneous 
hypothyroidism and 68% in those with hypothyroidism fol-
lowing surgery or RAI therapy. There should be avoidance of 
undertreatment and overtreatment. The same study observed 
overtreatment with LT4 in 4% to 6% of patients [29].

Given the fact that TSH normal level rises with the age, 
some groups have proposed targeting a lower TSH level 
within the reference range, particularly in younger individu-
als. There is however mixed evidence regarding benefit of 
such practices [30]. Controversy also continues regarding 
the benefits of thyroxine therapy in SCH, with some recom-
mending treatment [31, 32] and others arguing against 
replacement therapy, particularly in the elderly [33].

 Persistent Complaints Despite Normal TSH

In some patients, despite achieving biochemical euthyroid-
ism, hypothyroid symptoms such as fatigue and weight gain 
persist. Many factors have been suggested as an explanation 
to this observation, including the presence of concomitant 
autoimmune diseases, other hormonal changes such as 
menopause, or genetic deiodinase polymorphism. Further, 
levothyroxine monotherapy does not restore physiologic 
ratios of T4 and T3 that are seen in euthyroid individuals.

 Combination Therapy

The thyroid gland is responsible for 20% of the body’s T3 
secretion with the remainder derived from peripheral conver-
sion of T4 to T3. The theory of, therefore, supplementing the 
athyreotic patient with T3  in order to restore “physiologic 
balance” is an appealing one. Several studies have looked at 
whether a replacement strategy with both LT4 and triiodo-
thyronine (LT3) results in better outcomes. Overall, the 
majority of clinical studies did not demonstrate benefit of use 
of combination therapy to treat hypothyroid patients with 
regard to quality of life, fatigue, body weight, cognition, and 
mood [34, 35]. An early positive study showed improvement 
in mood and neuropsychological parameters in these patients 
but was criticized for its small number of patients, excessive 
use of thyroid hormone, and short follow-up [36]. Several 
subsequent, more rigorous studies and a large meta-analysis 
failed to replicate those results [37–42]. In addition, most of 
these trials have used once or twice daily dosing of T3, which 
is a short-acting preparation, and thus provided surges of free 
T3 rather than normalization of the steady-state levels.

The European Thyroid Association (ETA) and the Italian 
Association of Clinical Endocrinologists (AME) have sug-
gested consideration of combination therapy on a trial basis 
to address patient well-being, with avoidance of such therapy 
in the pregnant and elderly population [34, 35]. The Italian 
Guide tabulated a possible approach for the combination 
therapy [35]. Additionally, the use of “non-solid” LT4 for-
mulations may be considered in hypothyroid patients with 
gastroenteric diseases due to improved GI absorption of 
these products [35].

Commercially available desiccated animal thyroid prepa-
rations, usually porcine in origin, contain both T3 and T4. 
The ratio of T3 to T4 in these preparations tends to be higher 
than the ratio found in humans, thereby leading to supra-
physiologic T3 levels. Additionally, due to the nature of the 
product, monitoring and standardization of desiccated thy-
roid preparations are lacking, leading to difficulty in dose 
adjustment. There is also insufficient information about the 
safety or benefit of the surge of free T3 that is seen shortly 
after the ingestion of such thyroid extracts [43].

 Special Populations

 Subclinical Hypothyroidism (SCH)

SCH is a biochemical diagnosis made in a patient with an 
elevated serum TSH level and normal serum free T4. 
Symptoms may be vague and nonspecific or similar to those 
with overt hypothyroidism. Its prevalence increases with 
age, and it is more common in women and in iodine- sufficient 
areas [44].
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Some conditions need to be excluded prior to making this 
diagnosis. In a patient recovering from a non-thyroidal ill-
ness, there may be a transient increase in TSH. Similarly, 
often after the hyperthyroid phase of thyroiditis, there can 
be a transient period of hypothyroidism. There is also a diur-
nal variation and a nocturnal surge in TSH with the highest 
values being seen in the morning. Hence, the diagnosis of 
subclinical hypothyroidism should only be made in a patient 
in whom the biochemical abnormalities are reproducible 
after about 6  weeks and in whom there is an intact 
hypothalamic- pituitary- thyroid axis with no intercurrent 
illness.

The risk of progression from SCH to overt hypothyroid-
ism is determined by the magnitude of TSH elevation and the 
presence of TPO antibodies [45]. In women with both high 
TSH values and high antibody concentrations, the cumula-
tive incidence of hypothyroidism has been reported to be as 
high as 55% [46]. Conversely, normalization of TSH values 
occurs more frequently in people with concentrations of 
4–6 mU/L [47]. The underlying etiology for SCH also influ-
ences the rate of progression to overt hypothyroidism. For 
example, patients who recently received radioiodine therapy 
or external beam radiation are more likely to progress to 
overt hypothyroidism than patients who received external 
beam radiation as children.

There is inconsistent data regarding the risk of cardiovas-
cular disease, neuropsychiatric symptoms, and mortality 
rates in patients with SCH with studies demonstrating both 
an increased and decreased risk of each outcome measure.

Current guidelines recommend treating all patients with a 
TSH >10 mIU/L and those with positive TPO antibodies, 
because of a higher risk of progression to overt hypothyroid-
ism [48]. Additionally pregnant women or women contem-
plating pregnancy should also be treated [49]. More unclear 
is the benefit of treating patients with TSH between 5 and 9 
mIU/L. SCH might be associated with greater cardiovascular 
risk in young and middle-aged people than in those older 
than 65 years, and therefore treatment may be justifiable in 
this group [50]. Levothyroxine therapy has been shown to 
improve cholesterol levels as well as surrogate cardiovascu-
lar endpoints such as carotid intimal thickness, endothelial 
function, and left ventricular function in several studies, but 
the mortality benefit may only be seen after prolonged ther-
apy [51, 52]. Symptomatic patients with TSH values between 
5 and 9 mIU/L may benefit from treatment, although studies 
show the effects to be greatest in patients with TSH >10 
mIU/L [53].

The goal of therapy should be to bring TSH to the lower 
range of normal (0.5–3.0 mIU/L) in patients <65 years of age 
and between 3 and 4.5 mIU/L in patients >65 years of age. In 
patients who do not clearly qualify for therapy, monitoring 
thyroid function every 6–12 months is a reasonable strategy.

 Hypothyroidism and Pregnancy

Pregnancy results in a twofold increase in thyroid-binding 
globulin and stimulation of the TSH receptor by β-HCG, an 
effect that wanes with decreasing production of β-HCG as 
the pregnancy progresses. Therefore the recommendation by 
the American Thyroid Association that there should be 
trimester- specific reference ranges for TSH in pregnancy has 
a sound physiologic basis, but is not widely practiced by 
commercial laboratories [54].

This phenomenon has impacted the definitions of overt and 
subclinical hypothyroidism in pregnancy. Overt hypothyroid-
ism is defined as having a TSH of >2.5 mIU/L with a corre-
sponding trimester-specific low FT4 or a TSH of >10 mIU/L 
regardless of FT4 levels. SCH is defined as having TSH 
between 2.5 and 10 mIU/L with a normal FT4 level. About 
10–20% of all pregnant women are TPO antibody positive and 
biochemically euthyroid. These women are more likely to 
have a TSH level that is >4.0 mIU/L by the third trimester, and 
up to half will develop PPT [55]. SCH can also persist postpar-
tum, particularly in women with TPO antibodies.

Overt hypothyroidism in pregnancy, if left untreated, may 
result in adverse maternal and fetal outcomes including pre-
term delivery, low birth weight, miscarriage, increased risk 
of fetal loss, and gestational hypertension [56, 57]. The data 
in women with SCH with or without thyroid autoantibodies 
also shows an increase in adverse pregnancy outcomes, 
including preeclampsia, placental abruption, and neonatal 
mortality [58, 59]. However, there is less clear evidence that 
the neurocognitive development of the fetus is affected in 
women with untreated SCH [54, 60].

Thyroid autoimmunity itself may predispose to adverse 
fetal outcomes. In recent meta-analyses looking at euthyroid 
women with thyroid autoantibodies, there was a twofold 
increase in the rate of both spontaneous miscarriage and pre-
term delivery [61, 62].

There is currently insufficient evidence for universal TSH 
screening of all pregnant women in the first trimester of 
pregnancy. Clinical practice guidelines instead advocate a 
“case-finding” approach and recommend certain high-risk 
groups of women have their serum TSH checked at the con-
firmation of pregnancy (Table 2.3) [54, 63].

The current ATA recommendation is to treat all pregnant 
women with overt hypothyroidism as well as those with SCH 
and positive TPO antibodies and to consider treatment in 
pregnant women with negative TPO antibodies and a TSH 
ranging between the upper limit of normal and 10  mU/L 
[54]. If the decision is made not to treat women with SCH or 
thyroid autoimmunity, then monitoring thyroid function 
every 4 weeks during the first half of pregnancy and at least 
once between 26 and 32  weeks gestation is a reasonable 
strategy.
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Women with preexisting hypothyroidism will likely 
require an increase in their dose of hormone replacement by 
up to 50% until delivery [64]. The dose of levothyroxine 
should be increased by about 30% as soon as pregnancy is 
confirmed and titrated to maintain a trimester-specific nor-
mal TSH. Practically speaking, this can be achieved by add-
ing two extra doses of levothyroxine a week, i.e., nine doses, 
from seven. Ideally, preconception TSH should be <2.5 
mIU/L to achieve the most favorable outcomes during preg-
nancy. Serum TSH should be monitored every 4 weeks in the 
first half of pregnancy and at least once between 26 and 
32  weeks gestation. In the absence of laboratory-specific 
ranges, it is reasonable to use the following upper limits of 
normal for TSH: 2.5 mIU/L in the first trimester, 3.0 mIU/L 
in the second trimester, and 3.5 mIU/L in the third trimester 
[49, 54]. Postpartum, the patient should return to her pre- 
pregnancy dose of levothyroxine, and a serum TSH should 
be checked about 6 weeks later.

 Myxedema Coma

Myxedema coma is the result of severe untreated hypothy-
roidism and manifests with hypothermia, generalized slow-
ing of all organ functions, and decreased cognition. It is a 
medical emergency with a high mortality rate if left unrecog-
nized and untreated. It can be a result of long-standing 
untreated hypothyroidism or may be precipitated by expo-
sure to cold, infection, trauma, or central nervous system 
depressants particularly in the elderly population.

The typical patient presents with a history of known 
hypothyroidism and slowly worsening mental status changes. 
It is usually accompanied by a variety of clinical features 

which, in its most severe form, can include hypothermia, 
hypotension, bradycardia, hyponatremia, hypoglycemia, and 
hypoventilation. The myxedema is a result of abnormal 
mucin deposition in the tissues and manifests as non-pitting 
edema of the face, tongue, and peripheries. Pleural, pericar-
dial, and peritoneal effusions are not uncommon. Seizures 
may be present, partially due to hyponatremia which is pres-
ent in about 50% of patients [65].

The diagnosis should be considered in the hypothyroid 
patient who presents with typical clinical features and con-
firmed biochemically. Serum TSH, free T4, and cortisol lev-
els should be drawn prior to administering any therapy. The 
majority of patients will have primary hypothyroidism, but 
an inappropriately normal TSH in the setting of a low free T4 
would indicate a pituitary or a hypothalamic etiology.

Treatment should be initiated based on clinical suspicion, 
even before biochemical confirmation, due to the high mor-
tality rate of this condition. Severe hypometabolism can 
impair drug absorption from the gut, and thus medications 
should be administered intravenously. Thyroid hormone 
replacement with both T4 and T3 is widely practiced as T3 
has a faster onset of action and there is unpredictable 
T4-to-T3 conversion in the setting of severe hypothyroidism 
and concurrent non-thyroidal illness. A single loading dose 
of 400–500  μg of levothyroxine intravenously is initially 
given to replete the peripheral pool; this is converted to a 
daily dose of 1.6 μg/kg thereafter. The loading dose should 
be lowered in the elderly and in patients with cardiovascular 
disease. T3 may be administered simultaneously, with or 
without a loading dose, at a dose of 2.5–10 μg every 8 hours. 
Care must be taken to ensure that T3 levels are monitored 
appropriately as high levels have been shown to increase 
mortality [66]. Once the patient is able to tolerate oral medi-
cations, thyroid hormone replacement can be done orally at a 
dose of about three-quarters of the intravenous dose.

Glucocorticoids at stress doses should also be given until 
the diagnosis of adrenal insufficiency can be excluded. 
Additionally, supportive treatment, electrolyte monitoring, 
and treatment of any precipitating illness must be instituted. 
Hypothermia is best managed with passive warming as 
active warming may cause redistribution of blood flow to 
subcutaneous tissues and cardiovascular collapse. 
Hypotension generally resolves with thyroid hormone 
replacement over hours to days, but vasopressor support may 
be required temporarily.

Poor prognostic factors include increased age, reduced 
consciousness, persistent hypothermia, and sepsis. However, 
with expedient treatment, the mortality rate approaches that 
due to sepsis alone [67]. The key to successfully managing 
myxedema coma remains having a keen clinical suspicion 
for the condition and the prompt institution of thyroid hor-
mone replacement.

Table 2.3 Target populations for TSH screening during pregnancy

Women at high risk for overt hypothyroidism during pregnancy
History of thyroid dysfunction, postpartum thyroiditis, or prior 
thyroid surgery
Age >30 years
Symptoms of thyroid dysfunction or biochemical features suggestive 
of thyroid dysfunction including anemia, hypercholesterolemia, or 
hyponatremia
Presence of goiter
TPO antibody positivity
Type 1 diabetes or other autoimmune disorders
History of infertility, miscarriage, or preterm delivery
Multiple prior pregnancies (≥2)
History of head or neck radiation
Family history of autoimmune thyroid disease or thyroid dysfunction
Use of amiodarone or lithium or recent administration of iodinated 
radiologic contrast
Residing in an area of known moderate-to-severe iodine 
insufficiency
Body mass index ≥40 kg/m2
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Thyroid Nodules and Cancer

Marcio L. Griebeler and Hossein Gharib

 Introduction and Clinical Importance

Thyroid nodules are very common in clinical practice with a 
prevalence ranging from 2% to 6% by palpation [1] and up to 
19–68% by ultrasound [2–4]. Most patients with a palpable 
thyroid nodule on physical examination have additional nod-
ules on US investigation [5, 6]. The main clinical importance 
of these nodules is to rule out malignancy.

The majority of nodules are benign; approximately 6% 
are malignant [1, 3]. The incidence of thyroid cancer has 
been increasing due to the use of neck ultrasonography and 
other imaging leading to early diagnosis of occult and inci-
dental cancer with unclear clinical significance [7]. The inci-
dence of thyroid cancer has tripled from 4.9 per 100,000 in 
1975 to 14.3 per 100,000  in 2009 [8, 9]. The estimated 
annual incidence of thyroid nodules is 0.1% per year, sug-
gesting that approximately 350,000 new nodules will be 
detected this year, conferring a 10% lifetime probability for 
developing a thyroid nodule [3, 10]. Thyroid nodules are 
more common in elderly persons, in women, and in areas 
with iodine deficiency and with a history of childhood radia-
tion exposure [6, 11]. The prevalence of nodular thyroid dis-
ease is high so the main purpose of thyroid nodule evaluation 
is to determine which nodules are malignant or require surgi-
cal intervention.

 History and Physical Examination

Clinical evaluation begins with a complete medical history 
and thyroid palpation. Both benign and malignant disorders 
can cause thyroid nodules (Table  3.1). Attention should be 
directed to information on prior history of radiation treatment 
of the head and neck, rate of growth of the mass (location, 
size, and consistency), associated cervical lymphadenopathy, 
local symptoms (pain, dysphonia, dyspnea, or dysphagia), 
and other associated symptoms of hypothyroidism or hyper-
thyroidism. Most patients will have no symptoms during 
evaluation as the majority of thyroid nodules will be discov-
ered incidentally. Malignancy rate in younger and older 
patients is increased three- to four-fold when compared to 
adults [12, 13].

Family history should be obtained, paying special atten-
tion to a history of medullary thyroid carcinoma (MTC), 
papillary thyroid carcinoma, multiple endocrine neoplasia 
types 2A and 2B, familial polyposis disease, Cowden dis-
ease, Carney complex, Gardner syndrome, and other rare 
diseases [14–17]. Table  3.2 shows findings suggestive of 
increased risk of malignancy potential.
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Table 3.1 Common causes of thyroid nodules

Common causes of thyroid nodules
Benign nodular goiter
Thyroiditis
Cysts
Primary thyroid cancer
   Papillary carcinoma
   Follicular carcinoma
   Hurtle cell carcinoma
   C cell-derived carcinoma, medullary carcinoma
   Anaplastic carcinoma
Metastatic cancer
Lymphoma
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 Diagnostic Evaluation

 Serum Markers

Besides a complete history and physical exam, all patients 
should have a serum TSH measurement [8, 18]. If the TSH is 
low, a thyroid scintigraphy should be performed to determine 
the functional status of the nodule as low TSH suggests overt 
or subclinical hyperthyroidism, hyperfunctioning (“hot”), 
and autonomous functioning adenoma. If indeed the nodule 
is found to be “hot,” it is unlikely to be malignant, and FNA 
should be deferred [19].

TSH levels are independent predictors of malignancy in 
patients with thyroid nodules: the risk of malignancy 
increases as the TSH levels also increase [20, 21]. Routine 
measurement of serum thyroglobulin (Tg) for initial evalua-
tion of thyroid nodules is not recommended [8].

Calcitonin is a marker for detection of C-cell hyperplasia 
and MTC, and levels >10 pg/mL have high sensitivity for the 
detection of MTC. Calcitonin should be measured in high- 
risk patients, such as in those with a family history of MTC, 
with high clinical suspicion of MTC by US or cytology, or 
with MEN 2 syndromes. Overall, the prevalence of MTC is 
low enough in the United States that both the recent ATA and 
AACE Guidelines recommend “neither for or against routine 
calcitonin measurement” [8, 22].

 Thyroid Ultrasound and Indication for Fine- 
Needle Aspiration (FNA)

Ultrasonography, more sensitive than palpation, is the 
imaging of choice to detect a thyroid nodule. Thyroid 
ultrasound (US) with survey of the cervical lymph nodes 
should be performed in all patients with a suspected thy-
roid nodule, a goiter, or after an incidentally found nodule 
by other imaging modalities [8]. Thyroid US is noninva-
sive and inexpensive, has a sensitivity of 95%, and can 
identify nodules usually not palpated on the physical 
exam. Ultrasound provides a very good evaluation of nod-
ule size, dimensions, structure, and any possible suspi-
cious features. It can also differentiate solid from cystic 
nodules [8, 22, 23].

Ultrasound-guided fine-needle aspiration (FNA) is the 
procedure of choice (gold standard) in the evaluation of thy-
roid nodules and is the most accurate test for determining 
malignancy [8, 22]. It is safe, cost-effective, and preferred 
over palpation-guided leading to much lower rates of non- 
diagnostic and false-negative cytology results [24]. When 
performed by experienced physicians, adequate sample can 
be obtained from solid nodules in 90–97% of aspirations 
[24]. There is no single ultrasound characteristic of malig-
nancy but instead a combination of features that need to be 
evaluated as predictors of malignancy [10].

The most recent American Thyroid Association guide-
lines classify nodules into five risk groups based on a con-
stellation of sonographic pattern [8], while the current AACE 
guidelines offer a more practical, three-tier risk analysis, 
including low (<1%), intermediate (5–15%), and high risk 
(50–90%) [22]. Per ATA guidelines, the recommendations 
for diagnostic FNA are the following:

• Nodules ≥1  cm in greatest dimension with high suspi-
cious sonographic pattern.

• Nodules ≥1 cm in greatest dimension with intermediate 
suspicion sonographic pattern.

• Nodules ≥1.5 cm in greatest dimension with low suspi-
cion sonographic pattern.

• FNA may be considered in nodules ≥2  cm in greatest 
dimension with very low suspicion sonographic pattern 
(spongiform). Observation is an option.

• Cystic nodules are considered to have very low suspicion 
sonographic pattern and don’t require FNA.

The nodular characteristics mostly associated with being 
predictive of malignancy include shape that is taller than 
wide in the transverse dimension, hypoechogenicity, irregu-
lar margins, microcalcifications, and absent halo. These 
characteristics have high specificity, but the positive predic-
tive value is lowered by their relatively low sensitivity. None 
of these features alone is enough to differentiate a benign 
from malignant lesion [25–28]. Findings such as isoecho-
genicity and spongiform appearance are features of benig-
nity [29]. Complex nodules with solid and cystic components 
often with a dominant cystic part are frequently benign.

Numbers of nodules and size are not predictive of malig-
nancy. In a gland with multiple nodules, the selection for 
FNA should be based on the US features rather than size 
alone. Cancer is not less frequent in small nodules so diam-
eter cutoff alone to evaluate cancer risk is not recommended 
[30, 31]. Ultrasound should only be performed in patients 
with known or suspected thyroid nodules or the presence of 
risk factors [8]. Advances in diagnostic imaging have 
improved the management of thyroid nodules, but it also 
increased the discovery of incidentalomas (small thyroid 
nodules with <1 cm in diameter).

Table 3.2 Findings of increased malignancy potential

Findings of increased malignancy potential
Prior history of head and neck irradiation
Family history of MTC, MEN type 2, PTC, or other syndromes
Age <14 or >70 years
Male sex
Growing nodule, firm or hard consistency, fixed
Cervical adenopathy
Persistent dysphonia, dysphagia, dyspnea, or vocal cord paralysis
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 Other Imaging

Other techniques like MRI and CT scan are not recom-
mended as routine tests as they are expensive and rarely 
diagnostic. CT scan and MRI have more value to assess goi-
ter size, substernal extension, or extension to surround struc-
tures. Iodine contrast should be avoided as it decreases 
subsequent iodine 131 uptake [22]. Thyroid scintigraphy 
should be performed when there is suspicion of autonomy of 
the nodule (low TSH) suggesting overt subclinical 
hyperthyroidism.

 Cytology

Thyroid FNA slides should be reviewed by a cytopatholo-
gist with experience in thyroid. FNA has reduced the num-
ber of surgical procedures in patients with nodules by more 
than 50% and substantially increased the malignancy yield 
at thyroidectomy [32]. An adequate sample is highly accu-
rate for diagnosing thyroid cancer. Biopsy results may be 
classified as satisfactory or unsatisfactory (non-diagnostic). 
To be considered diagnostic or satisfactory, the aspirate 
needs to contain no less than six groups of well-preserved 
thyroid epithelial cells consisting of at least ten cells in 
each group [33].

The Bethesda System for Reporting Thyroid Cytopathology 
is the most commonly used. Currently there are six diagnos-
tic categories: benign; malignant; suspicious for malignancy; 
follicular neoplasm or suspicious for a follicular neoplasm 
(FN/SFN); follicular lesion or atypia of undetermined sig-
nificance (FLUS or AUS); non-diagnostic (Table  3.3) [33] 
[34]. The expertise of the cytopathologist is crucial in correct 
and clear interpretation of FNA slides and classification of 
the cytology [35].

Overall, 6–11% of the FNAs will be unsatisfactory (non- 
diagnostic), usually because of sampling error, bloody 
smears, or poor technique [36–38]. Biopsy should be 

repeated, but ultimately, about 5% of nodules will still be 
unsatisfactory [8, 39–42]. The false-negative rates range 
from 1 to 11% but usually will be less than 5% in most clin-
ics with enough FNA experience [41, 43].

 Management, Therapy, and Follow-Up

 Benign Thyroid Nodule

The most common benign lesions include colloid nodule, 
macrofollicular adenoma, benign cyst, and lymphocytic 
thyroiditis. The majority of these nodules do not need spe-
cific treatment once malignancy and abnormal thyroid 
function are excluded [1, 8, 22]. If patient reports local 
symptoms including dysphagia, choking, dysphonia, dys-
pnea, or pain, surgical treatment may be warranted. The 
clinician should make sure that the symptoms are caused by 
the thyroid mass or enlargement, and not due to other pro-
cesses such as pulmonary, cardiac, or esophageal disorders 
[10]. Patients with a single toxic nodule or a toxic multi-
nodular goiter may be treated with surgery or radioiodine. 
Treatment with 131 I for large toxic nodules is not preferred 
as these nodules usually require high doses and are associ-
ated with more side effects [18].

Routine use of T4 suppressive therapy has no role in the 
management of benign thyroid nodules [8, 22]. Therapy with 
levothyroxine may be associated with increased risk of atrial 
fibrillation, other cardiac abnormalities, and reduced bone 
density, so therapy should be avoided in patients with large 
nodules, long-standing goiters, low TSH levels, post- 
menopausal women, and men older than 60 years [44–46].

The chance of a false-negative FNA (malignancy rate) is 
reported around 1–2% only [47, 48], and an initial benign 
FNA has negligible mortality risk in long-term follow-up 
[49]. Some studies report an increased risk of malignancy in 
nodules greater than 4 cm due to decreased FNA accuracy 
and recommend surgery [50–52], but based on current evi-

Table 3.3 Bethesda system; data compiled from Baloch et al. [33]

The Bethesda system for reporting thyroid cytopathology: implied risk of malignancy and recommended 
clinical management

Diagnostic category
Risk of malignancy 
(%)

Actual risk of 
malignancy Management

Non-diagnostic 1–4 20 (9–32) Repeat FNA with ultrasound 
guidance

Benign 0–3 2.5 (1–10) Clinical follow-up
Atypia of undetermined significance/follicular lesion of 
undetermined significance

5–15 14 (6–48) Repeat FNA

Follicular neoplasm/ suspicious for a follicular neoplasm 15–30 25 (14–34) Surgical lobectomy
Suspicious for malignancy 60–75 70 (53–97) Near-total thyroidectomy or surgical 

lobectomy
Malignancy 97–99 99 (94–100) Near-total thyroidectomy
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dence, it is still unclear if patients with nodules with greater 
than 4 cm and benign cytology carry higher risk of malig-
nancy [8].

The follow-up of thyroid nodules with benign cytology 
should be determined by risk stratification according to 
ultrasonography pattern [8]. The current guidelines of the 
American Thyroid Association published recommend that 
nodules with high suspicion US pattern should undergo 
repeat US and US-guided FNA within 12 months. Nodules 
with low to intermediate suspicion US pattern should have 
repeat US at 12–24 months; in nodules with very low suspi-
cion US pattern, the utility of surveillance US and assess-
ment of nodule growth as an indication to consider repetition 
of FNA are limited. If US is considered, it should be done at 
>24 months. If the nodule has undergone repeat US-guided 
FNA with a second benign cytology results, US surveillance 
for evaluation of malignancy is no longer warranted [8].

 Malignant Thyroid Nodule

If cytologic results are positive for thyroid malignancy, sur-
gery is almost always indicated [8] [22]. Consultation with 
an experienced endocrine surgeon is preferred and should be 
done as soon as possible. This category includes papillary 
cancer, follicular carcinoma, Hurthle cell (oncocytic) carci-
noma, medullary cancer, thyroid lymphoma, anaplastic can-
cer, and metastatic cancer to the thyroid. Metastatic disease 
to the thyroid is rare [53] and usually precludes immediate 
surgery until further investigation for the primary site is 
completed. Full workup should also be performed for ana-
plastic carcinoma and lymphoma [18].

An active surveillance approach may be considered in a 
small subgroup of patients including those with a very low- 
risk tumors (papillary thyroid microcarcinoma without evi-
dent metastasis or local invasion), high surgical risk patients 
due to comorbid conditions, and patients with short remain-
ing life spans [8]. Most patients with papillary thyroid carci-
noma have an indolent course, and a few prospective studies 
have reported very good outcomes with very low rate of 
loco-regional recurrence and distant metastasis, and this 
approach may be considered in thyroid micro-carcinoma 
(tumors <1 cm in diameter) [54].

 Suspicious for Malignancy

This category represents the cytologic results with strong 
suspicious for malignancy but lacking clear diagnostic crite-
ria, with an estimated cancer risk of 60–75% [34]. Usually 
surgical management is similar to a malignant cytology, 
depending on clinical risk factors, sonographic features, 

patient preference, and possible mutation testing. As more 
data become available from the molecular testing field, man-
agement of this category may change in the future. Mutation 
testing could improve risk stratification prior to surgery, 
including possibly BRAF mutations and seven-gene panel of 
mutations (including BRAF, RAS< RET/PTC, with or with-
out PAX9/PPARy) [55, 56].

 Indeterminate Thyroid Nodule (AUS/FLUS 
and FN/SFN)

This group carries the most challenging diagnostic dilemma. 
In this category a clear cytologic diagnosis cannot be made, 
and examples include follicular neoplasms, Hurthle cell neo-
plasm, atypical PTC, or lymphoma. Indeterminate cytology 
also includes AUS/FLUS (atypia of undetermined signifi-
cance/follicular lesion of undetermined significance) and 
FN/SFN (follicular neoplasm/suspicious for follicular 
neoplasm).

According to the Bethesda system, AUS/FLUS compro-
mises specimens that contain cells with architectural and/or 
nuclear atypia that is more pronounced than expected for 
benign changes but not sufficient to be placed on the higher- 
risk categories [57]. Frequency range is around 7% of 
reports, and the risk of cancer is between 6 and 48%, with a 
mean risk of 16% [58].

Treatment options for AUS/FLUS include a repeat FNA, 
molecular testing, observation, and surgical intervention. 
Providers should take into consideration clinical and ultra-
sound risk factors and patient preferences when making 
management decisions. Of repeated FNAs 10–30% yield 
again AUS/FLUS [59–61]. Thyroid core needle biopsy could 
also be considered [62]. Molecular testing is another option 
commonly used in this subset of patients. Mutation testing 
for BRAF has a high specificity but low sensitivity [63, 64], 
while a panel of mutations (BRAF, NRAS, HRAS, KRAS, 
RET/PTC1, RET/PTC3, PAX8/PPARy) has a higher sensi-
tivity [55] [65]. Recent studies are also using sonographic 
features to estimate risk of malignancy [66].

FN/SFN cytology compromises follicular cells arranged 
in an altered architectural pattern characterized by cell 
crowding and/or microfollicle formation and lacking 
nuclear features of papillary carcinoma or compromised 
almost exclusively of oncocytic (Hurthle) cells [33]. This 
category carries a 14–33% risk of malignancy (mean 26%), 
with a frequency of 1–25% (mean 10%) of all thyroid FNA 
samples [58].

For this category usually surgical excision for diagnosis 
had been an established practice. Again, with the introduc-
tion and availability of molecular testing, this can be used to 
supplement malignancy risk assessment after considering 
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the clinical and ultrasound risk factors and patient prefer-
ences [8]. Risk stratification with molecular testing including 
seven-gene panel shows a sensitivity of 57–75% and speci-
ficity of 97–100%, PPV of 87–100%, and NMPV of 79–86% 
[55, 65].

 Non-diagnostic
Patients with non-diagnostic biopsies are those that do not 
meet specified criteria (the presence of at least six follicular 
cell groups, each containing 10–15 cells derived from at least 
two aspirates of a nodule) [33]. If initial FNA biopsy is non- 
diagnostic, it should be repeated with possible onsite cyto-
logical assessment [8, 22, 67]. If the results are again 
non-diagnostic, core needle biopsy, close observation, or sur-
gery should be considered, the latter especially if there are 
suspicious pattern on ultrasound, clinical risk factors, and 
growth of the nodule. A repeat FNA after initial non- 
diagnostic cytology may yield a 75% diagnostic cytology in 
solid nodules and 50% in cystic nodules [68].

Figure 3.1 shows an algorithm with a summary for the 
diagnosis and management of palpable thyroid nodules.

 Special Situations

 Thyroid Nodule During Pregnancy

The majority of the thyroid nodules during pregnancy are 
pre-existing, but in some cases they can be initially diag-
nosed. Overall they should be managed exactly the same 
way in non-pregnant women except that radioactive agents 
should be avoided [22] [69]. If the clinical and imaging fea-
tures are suspicious for malignancy, patient will require a 
FNA biopsy, regardless of the gestational age [70]. Some 
studies showed that the cancer behavior during pregnancy is 
the same when compared to the general population, without 
any differences in survival rates or recurrence. Suppressive 
therapy with levothyroxine for thyroid nodules is not 
recommended.

Patient’s preferences should always be considered, and a 
multi-disciplinary approach including an endocrinologist, 
pathologist, obstetrician, surgeon, and anesthesiologist is 
recommended. Women with no evidence of aggressive thy-
roid cancer may be reassured, and surgical treatment can be 

Thyroid Nodule

Normal/High TSH

Nodule < 1cm or
cystic

> 1cm, us-intermediate or high risk

> 1.5 cm US low risk

> 2 cm US very low risk

Low TSH

Thyroid Scan

Cold Nodule (evaluate

as solid/mixed)
Hot nodule

Follow Up FNA
Anti-thyroid; RAI;

Surgery

Benign FLUS/AUS/FN/SFN
Suspicious for

malignancy
Malignant

Molecular Markers

repeat FNA
Surgery

Fig. 3.1 Algorithm for the diagnosis and management of palpable thyroid nodules
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performed after delivery [71]. The cytologic suspicious nod-
ule is the most challenging situation during pregnancy. The 
malignancy rate is similar between pregnant women and 
non-pregnant women, so deferring surgical treatment to the 
postpartum is reasonable [72]. Some may recommend post-
poning FNA until delivery unless worrisome features are 
seen in the ultrasound as this may lead to possible thyroidec-
tomy during pregnancy depending of the FNA results. If the 
outcome of the results will be unchanged, meaning that sur-
gical treatment will be postponed, this will just expose the 
patient to anxiety regarding diagnosis and except manage-
ment [73].

 Thyroid Nodules in Children

The prevalence of thyroid nodules in children is up to 1.8%, 
and some cohort studies showed higher malignancy rates 
[74, 75]. These findings suggest that the surgical approach 
for thyroid nodules in children is more common than that in 
adults. The evaluation of nodular disease in children is simi-
lar to adults. Overall the prognosis of thyroid cancer in chil-
dren remains good despite the increase prevalence of local 
metastatic disease [76]. As in adults, the most common thy-
roid cancer is the papillary.

 Thyroid Cancer

The most common histologic types of thyroid cancers are 
follicular cell-derived and medullary thyroid cancers. 
Follicular cell-derived cancer includes all variants of papil-
lary thyroid carcinoma (85% of all thyroid cancers) and fol-
licular thyroid carcinoma (10–15% lesions, including 
Hürthle cell cancer). The other follicular cell-derived cancer 
is anaplastic carcinoma that accounts for less than 5% of thy-
roid tumors [77].

Medullary thyroid cancer originates in C cells and 
accounts for less than 5% of thyroid malignancies. While the 
majority has sporadic MTC, around 25% of patients may 
have a hereditary form as part of the multiple endocrine neo-
plasia type 2 syndromes (MEN 2). They will also require 
thyroidectomy and are followed with tumor markers like cal-
citonin. Even though the majority of medullary thyroid can-
cer is sporadic, genetic testing is recommended to all patients 
for evaluation including RET proto-oncogene mutation. If a 
mutation is found, all family members should undergo 
screening for the same mutation as early as possible.

The recently published recommendations of the American 
Thyroid Association (ATA) for differentiated thyroid cancer 
will be reviewed briefly in the following [8].

Goals of thyroidectomy include removing the tumor, 
improving overall disease-specific survival, and decreasing 

the rate of recurrence and morbidity. All patients should 
undergo pre-operative neck ultrasound for evaluation of 
lymphadenopathy. Risk stratification after surgery is para-
mount to outline a strategy for radioiodine treatment, follow-
 up plan, and TSH suppression.

For tumors <1 cm, without extra-thyroidal extension or 
regional lymph node metastasis, a thyroid lobectomy may be 
sufficient. For tumors 1–4 cm, without extra-thyroidal exten-
sion or lymph nodes, total thyroidectomy or, in selected 
patients, a lobectomy may be considered. Tumors greater or 
equal to 4 cm, with extra-thyroidal extension or metastases, 
should always undergo total thyroidectomy.

 American Thyroid Association Risk 
Stratification System

 ATA Low Risk
Patients with papillary thyroid cancer with no local or dis-
tant metastasis; all macroscopic tumor has been resected, no 
tumor invasion of loco-regional tissues or structures, no 
aggressive histology (tall cell, hobnail variant, columnar cell 
carcinoma); if I131 is given, no RAI avid metastatic foci out-
side the thyroid bed on the first post-treatment whole body 
RAI scan, no vascular invasion, clinical N0 or <5 pathologic 
N1 micro metastases (<0.2  cm in the largest dimension); 
intrathyroidal, encapsulated follicular variant of papillary 
thyroid cancer; intrathyroidal, well-differentiated follicular 
thyroid cancer with capsular invasion and no or minimal (<4 
foci) vascular invasion; intrathyroidal, papillary microcarci-
noma, unifocal or multifocal, including V600E BRAF 
mutated.

For this group of patients, especially in tumors <1  cm 
(unifocal or multifocal), there is no evidence suggesting that 
radioactive iodine (RAI) improves disease-specific and 
disease- free survival. Overall post-surgical RAI is not indi-
cated. In patients with tumor size 1–4 cm, there are conflict-
ing data that RAI improves disease-free survival and 
post-surgical RAI is not routinely indicated.

In patients that undergo total thyroidectomy, initial TSH 
goal is 0.5–2 mU/L if non-stimulated TG <0.2 ng/mL, and 
TSH goal is 0.1–0.5 mU/L if non-stimulated Tg >0.2 ng/mL. 
Evaluation of response to therapy includes at least annual 
thyroglobulin testing and neck ultrasound. Diagnostic whole 
body scan is not routinely recommended. Follow-up is usu-
ally annually for the first 5 years. If serum TG level is rising 
or neck ultrasound is abnormal, patient may require further 
diagnostic tests.

In patients undergoing lobectomy, post-op serum TG may 
be considered as well as neck ultrasound. Although after par-
tial thyroidectomy serum TG will be undetectable, an 
increase in stable TG levels should give rise to suspicion of 
recurrent disease warranting further evaluation. RAI remnant 
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ablation is not recommended and initial TSH goal should be 
0.5–2  mU/L.  Evaluation for response to therapy includes 
annual ultrasound and consideration for thyroglobulin 
testing.

 ATA Intermediate Risk
Patients with microscopic invasion of tumor into the peri- 
thyroidal soft tissues, RAI avid metastatic foci in the neck on 
the first post-treatment whole body RAI scan, aggressive his-
tology, papillary thyroid cancer with vascular invasion, clini-
cal N1 or ≥5 pathologic N1 with all involved lymph nodes 
<3 cm in largest dimension, intrathyroid, papillary thyroid 
cancer, primary tumor 1–4  cm, V600E BRAF mutated, 
 multifocal papillary micro-carcinoma with extra-thyroidal 
extension and V600E BRAF mutated.

In patients with tumor size >4 cm, post-surgical RAI may 
be considered, especially in patients with adverse features. In 
patients with microscopic extra-thyroidal extension (any size 
tumors), post-surgical RAI is usually favored based on risk 
of recurrence of disease.

In patients with central compartment neck lymph node 
metastasis, post-surgical RAI is usually favored, mainly due 
to higher risk of persistent and recurrent disease, especially 
in larger tumors (>2 cm) or clinical evidence of lymph nodes 
or extra-nodal extension.

Initial therapy for these patients includes total thyroidec-
tomy, neck dissection for clinical N1 disease, and possible 
prophylactic central neck dissection. Diagnostic RAI scan-
ning may be considered. Surveillance includes serum thyro-
globulin and ultrasound of the neck.

RAI scanning should be considered in patients with inter-
mediate risk. For remnant ablation 30 mCI may be consid-
ered. For adjuvant therapy, usually up to 150 mCi is given. 
Initial TSH goal is 0.1–0.5 mU/L, and evaluation for response 
to therapy includes thyroglobulin testing, neck ultrasound, 
and consideration for diagnostic whole body scan. Again, 
periodic (annual) evaluation with thyroglobulin (non- 
stimulated) and ultrasound of the neck are recommended.

 ATA High Risk
This group of patients includes macroscopic invasion of 
tumor into the peri-thyroidal soft tissues (gross extra- 
thyroidal extension), incomplete tumor resection, distant 
metastases, and post-operative serum thyroglobulin sugges-
tive of distant metastases.

In patients with ATA high risk, the body of evidence sug-
gests that RAI improves disease-specific survival and 
disease- free survival; therefore routine RAI use is recom-
mended. Initial therapy includes total thyroidectomy, thera-
peutic neck dissection, and possible prophylactic central 
neck dissection. Post-operatively, monitoring with thyro-
globulin, ultrasound, and RAI scanning are recommended.

RAI therapy is routinely recommended with up to 150 
mCI as adjuvant therapy. For known structural disease, 
empiric 100–200 mCI or dosimetry-guided dosing is recom-
mended. Initial TSH goal is <0.1  mU/L. This group of 
patients is at increased risk for recurrence, and follow-up 
should include thyroglobulin testing, neck ultrasound, whole 
body scan, and CT/MRI or FDG/PET scanning.

 Summary

Thyroid nodules are very common and are usually benign; 
only around 5% carry the risk of malignancy. The challenge 
in the management of thyroid nodules is to reliably identify 
benign nodules and diagnose malignant thyroid disease as 
early as possible. Thyroid evaluation starts with a careful his-
tory and physical exam followed by thyroid function tests 
and ultrasound exam. An initial low TSH requires additional 
tests for evaluation of hyperthyroidism. When TSH is normal 
and US shows an indeterminate or suspicious nodule, an 
US-FNA should follow as it remains the single most impor-
tant procedure for differentiating benign from malignant thy-
roid nodules. When cytology is suspicious for malignancy, 
surgery is usually recommended. Benign thyroid nodules 
can be followed clinically and with serial ultrasound images. 
An indeterminate nodule poses a clinical challenge; treat-
ment may include observation, molecular markers, or sur-
gery. The most common type of thyroid cancer is papillary 
thyroid cancer. Treatment usually entails total thyroidectomy 
with or without lymph node dissection. Depending on risk 
stratification, some patients may benefit from radioactive 
iodine therapy. Long-term follow-up includes ultrasound of 
the neck, TSH, and thyroglobulin. The overall prognosis of 
thyroid cancer remains good.

 Appendix

References

 1. Hegedus L. Clinical practice. The thyroid nodule. N Engl J Med. 
2004;351(17):1764–71.

 2. Dean DS, Gharib H. Epidemiology of thyroid nodules. Best prac-
tice & research. Clin Endocrinol Metab. 2008;22(6):901–11.

 3. Tan GH, Gharib H.  Thyroid incidentalomas: management 
approaches to nonpalpable nodules discovered incidentally on thy-
roid imaging. Ann Intern Med. 1997;126(3):226–31.

 4. Guth S, Theune U, Aberle J, Galach A, Bamberger CM. Very high 
prevalence of thyroid nodules detected by high frequency (13 MHz) 
ultrasound examination. Eur J Clin Investig. 2009;39(8):699–706.

 5. Ezzat S, Sarti DA, Cain DR, Braunstein GD. Thyroid incidentalo-
mas. Prevalence by palpation and ultrasonography. Arch Intern 
Med. 1994;154(16):1838–40.

3 Thyroid Nodules and Cancer



32

 6. Mazzaferri EL. Management of a solitary thyroid nodule. N Engl J 
Med. 1993;328(8):553–9.

 7. Brito JP, Al Nofal A, Montori VM, Hay ID, Morris JC.  The 
impact of subclinical disease and mechanism of detection on 
the rise in thyroid cancer incidence: a population-based study in 
Olmsted County, Minnesota during 1935 through 2012. Thyroid. 
2015;25(9):999–1007.

 8. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, 
Nikiforov YE, et  al. 2015 American Thyroid Association man-
agement guidelines for adult patients with thyroid nodules and 
differentiated thyroid cancer: the American Thyroid Association 
guidelines task force on thyroid nodules and differentiated thyroid 
cancer. Thyroid. 2016;26(1):1–133.

 9. Davies L, Welch HG.  Current thyroid cancer trends in 
the United States. JAMA Otolaryngol Head Neck Surg. 
2014;140(4):317–22.

 10. Gharib H, Papini E. Thyroid nodules: clinical importance, assess-
ment, and treatment. Endocrinol Metab Clin N Am. 2007;36(3):707–
35. vi

 11. Volzke H, Ludemann J, Robinson DM, Spieker KW, Schwahn C, 
Kramer A, et al. The prevalence of undiagnosed thyroid disorders 
in a previously iodine-deficient area. Thyroid. 2003;13(8):803–10.

 12. Corrias A, Einaudi S, Chiorboli E, Weber G, Crino A, Andreo M, 
et al. Accuracy of fine needle aspiration biopsy of thyroid nodules in 
detecting malignancy in childhood: comparison with conventional 
clinical, laboratory, and imaging approaches. J Clin Endocrinol 
Metab. 2001;86(10):4644–8.

 13. Rosai J, Carcangiu ML. Pathology of thyroid tumors: some recent 
and old questions. Hum Pathol. 1984;15(11):1008–12.

 14. Heshmati HM, Gharib H, van Heerden JA, Sizemore GW. Advances 
and controversies in the diagnosis and management of medullary 
thyroid carcinoma. Am J Med. 1997;103(1):60–9.

 15. Loh KC. Familial nonmedullary thyroid carcinoma: a meta-review 
of case series. Thyroid. 1997;7(1):107–13.

 16. Punales MK, da Rocha AP, Meotti C, Gross JL, Maia AL. Clinical 
and oncological features of children and young adults with multiple 
endocrine neoplasia type 2A. Thyroid. 2008;18(12):1261–8.

 17. Farooq A, Walker LJ, Bowling J, Audisio RA. Cowden syndrome. 
Cancer Treat Rev. 2010;36(8):577–83.

 18. Gharib H, Papini E, Paschke R, Duick DS, Valcavi R, Hegedus 
L, et  al. American Association of Clinical Endocrinologists, 
Associazione Medici Endocrinologi, and European Thyroid 
Association medical guidelines for clinical practice for the diagnosis 
and management of thyroid nodules. Endocr Pract. 2010;16(Suppl 
1):1–43.

 19. Fiore E, Rago T, Provenzale MA, Scutari M, Ugolini C, Basolo 
F, et al. Lower levels of TSH are associated with a lower risk of 
papillary thyroid cancer in patients with thyroid nodular disease: 
thyroid autonomy may play a protective role. Endocr Relat Cancer. 
2009;16(4):1251–60.

 20. Boelaert K, Horacek J, Holder RL, Watkinson JC, Sheppard MC, 
Franklyn JA. Serum thyrotropin concentration as a novel predictor 
of malignancy in thyroid nodules investigated by fine-needle aspi-
ration. J Clin Endocrinol Metab. 2006;91(11):4295–301.

 21. Haymart MR, Repplinger DJ, Leverson GE, Elson DF, Sippel RS, 
Jaume JC, et al. Higher serum thyroid stimulating hormone level in 
thyroid nodule patients is associated with greater risks of differenti-
ated thyroid cancer and advanced tumor stage. J Clin Endocrinol 
Metab. 2008;93(3):809–14.

 22. Gharib H, Papini E, Garber JR, Duick DS, Harrell RM, Hegedus L, 
et al. American Association of Clinical Endocrinologists, American 
College of Endocrinology, and Associazione Medici Endocrinologi 
medical guidelines for clinical practice for the diagnosis and 
management of thyroid nodules--2016 update. Endocr Pract. 
2016;22(5):622–39.

 23. Solbiati L, Osti V, Cova L, Tonolini M.  Ultrasound of thy-
roid, parathyroid glands and neck lymph nodes. Eur Radiol. 
2001;11(12):2411–24.

 24. Danese D, Sciacchitano S, Farsetti A, Andreoli M, Pontecorvi 
A.  Diagnostic accuracy of conventional versus sonography- 
guided fine-needle aspiration biopsy of thyroid nodules. Thyroid. 
1998;8(1):15–21.

 25. Leenhardt L, Erdogan MF, Hegedus L, Mandel SJ, Paschke R, 
Rago T, et al. 2013 European thyroid association guidelines for cer-
vical ultrasound scan and ultrasound-guided techniques in the post-
operative management of patients with thyroid cancer. Eur Thyroid 
J. 2013;2(3):147–59.

 26. Cappelli C, Castellano M, Pirola I, Cumetti D, Agosti B, Gandossi 
E, et al. The predictive value of ultrasound findings in the manage-
ment of thyroid nodules. QJM. 2007;100(1):29–35.

 27. Remonti LR, Kramer CK, Leitao CB, Pinto LC, Gross 
JL. Thyroid ultrasound features and risk of carcinoma: a system-
atic review and meta-analysis of observational studies. Thyroid. 
2015;25(5):538–50.

 28. Papini E.  The dilemma of non-palpable thyroid nodules. J 
Endocrinol Investig. 2003;26(1):3–4.

 29. Moon WJ, Jung SL, Lee JH, Na DG, Baek JH, Lee YH, et al. Benign 
and malignant thyroid nodules: US differentiation--multicenter ret-
rospective study. Radiology. 2008;247(3):762–70.

 30. Kim EK, Park CS, Chung WY, Oh KK, Kim DI, Lee JT, et  al. 
New sonographic criteria for recommending fine-needle aspira-
tion biopsy of nonpalpable solid nodules of the thyroid. AJR. Am J 
Roentgenol. 2002;178(3):687–91.

 31. Papini E, Guglielmi R, Bianchini A, Crescenzi A, Taccogna S, 
Nardi F, et al. Risk of malignancy in nonpalpable thyroid nodules: 
predictive value of ultrasound and color-Doppler features. J Clin 
Endocrinol Metab. 2002;87(5):1941–6.

 32. Werk EE Jr, Vernon BM, Gonzalez JJ, Ungaro PC, McCoy 
RC. Cancer in thyroid nodules. A community hospital survey. Arch 
Intern Med. 1984;144(3):474–6.

 33. Baloch ZW, LiVolsi VA, Asa SL, Rosai J, Merino MJ, Randolph 
G, et  al. Diagnostic terminology and morphologic criteria for 
cytologic diagnosis of thyroid lesions: a synopsis of the National 
Cancer Institute Thyroid Fine-Needle Aspiration State of the 
Science Conference. Diagn Cytopathol. 2008;36(6):425–37.

 34. Cibas ES, Ali SZ. The Bethesda system for reporting thyroid cyto-
pathology. Thyroid. 2009;19(11):1159–65.

 35. Cibas ES, Baloch ZW, Fellegara G, LiVolsi VA, Raab SS, Rosai J, 
et al. A prospective assessment defining the limitations of thyroid 
nodule pathologic evaluation. Ann Intern Med. 2013;159(5):325–32.

 36. Bongiovanni M, Spitale A, Faquin WC, Mazzucchelli L, Baloch 
ZW. The Bethesda system for reporting thyroid cytopathology: a 
meta-analysis. Acta Cytol. 2012;56(4):333–9.

 37. Theoharis CG, Schofield KM, Hammers L, Udelsman R, 
Chhieng DC.  The Bethesda thyroid fine-needle aspiration clas-
sification system: year 1 at an academic institution. Thyroid. 
2009;19(11):1215–23.

 38. Bohacek L, Milas M, Mitchell J, Siperstein A, Berber E. Diagnostic 
accuracy of surgeon-performed ultrasound-guided fine-needle aspi-
ration of thyroid nodules. Ann Surg Oncol. 2012;19(1):45–51.

 39. Gharib H. Fine-needle aspiration biopsy of thyroid nodules: advan-
tages, limitations, and effect. Mayo Clinic Proc Mayo Clinic. 
1994;69(1):44–9.

 40. Gharib H, Goellner JR.  Fine-needle aspiration biopsy of thyroid 
nodules. Endocr Pract. 1995;1(6):410–7.

 41. Gharib H, Goellner JR, Zinsmeister AR, Grant CS, Van Heerden 
JA. Fine-needle aspiration biopsy of the thyroid. The problem of 
suspicious cytologic findings. Ann Intern Med. 1984;101(1):25–8.

 42. Yeh MW, Demircan O, Ituarte P, Clark OH.  False-negative fine- 
needle aspiration cytology results delay treatment and adversely 

M. L. Griebeler and H. Gharib



33

affect outcome in patients with thyroid carcinoma. Thyroid. 
2004;14(3):207–15.

 43. Castro MR, Gharib H. Thyroid fine-needle aspiration biopsy: prog-
ress, practice, and pitfalls. Endocr Pract. 2003;9(2):128–36.

 44. Uzzan B, Campos J, Cucherat M, Nony P, Boissel JP, Perret 
GY.  Effects on bone mass of long term treatment with thy-
roid hormones: a meta-analysis. J Clin Endocrinol Metab. 
1996;81(12):4278–89.

 45. Sawin CT, Geller A, Wolf PA, Belanger AJ, Baker E, Bacharach P, 
et al. Low serum thyrotropin concentrations as a risk factor for atrial 
fibrillation in older persons. N Engl J Med. 1994;331(19):1249–52.

 46. Parle JV, Maisonneuve P, Sheppard MC, Boyle P, Franklyn 
JA. Prediction of all-cause and cardiovascular mortality in elderly 
people from one low serum thyrotropin result: a 10-year cohort 
study. Lancet. 2001;358(9285):861–5.

 47. Tee YY, Lowe AJ, Brand CA, Judson RT. Fine-needle aspiration 
may miss a third of all malignancy in palpable thyroid nodules: a 
comprehensive literature review. Ann Surg. 2007;246(5):714–20.

 48. Orlandi A, Puscar A, Capriata E, Fideleff H. Repeated fine-needle 
aspiration of the thyroid in benign nodular thyroid disease: critical 
evaluation of long-term follow-up. Thyroid. 2005;15(3):274–8.

 49. Nou E, Kwong N, Alexander LK, Cibas ES, Marqusee E, Alexander 
EK.  Determination of the optimal time interval for repeat evalu-
ation after a benign thyroid nodule aspiration. J Clin Endocrinol 
Metab. 2014;99(2):510–6.

 50. Pinchot SN, Al-Wagih H, Schaefer S, Sippel R, Chen H. Accuracy of 
fine-needle aspiration biopsy for predicting neoplasm or carcinoma 
in thyroid nodules 4 cm or larger. Arch Surg. 2009;144(7):649–55.

 51. Kuru B, Gulcelik NE, Gulcelik MA, Dincer H.  The false- 
negative rate of fine-needle aspiration cytology for diagnosing 
thyroid carcinoma in thyroid nodules. Langenbeck's Arch Surg. 
2010;395(2):127–32.

 52. Wharry LI, McCoy KL, Stang MT, Armstrong MJ, LeBeau 
SO, Tublin ME, et  al. Thyroid nodules (>/=4 cm): can ultra-
sound and cytology reliably exclude cancer? World J Surg. 
2014;38(3):614–21.

 53. Hegerova L, Griebeler ML, Reynolds JP, Henry MR, Gharib 
H. Metastasis to the thyroid gland: report of a large series from the 
Mayo Clinic. Am J Clin Oncol. 2015;38(4):338–42.

 54. Ito Y, Miyauchi A, Kihara M, Higashiyama T, Kobayashi K, Miya 
A. Patient age is significantly related to the progression of papil-
lary microcarcinoma of the thyroid under observation. Thyroid. 
2014;24(1):27–34.

 55. Nikiforov YE, Ohori NP, Hodak SP, Carty SE, LeBeau SO, Ferris 
RL, et al. Impact of mutational testing on the diagnosis and manage-
ment of patients with cytologically indeterminate thyroid nodules: 
a prospective analysis of 1056 FNA samples. J Clin Endocrinol 
Metab. 2011;96(11):3390–7.

 56. Moon HJ, Kwak JY, Kim EK, Choi JR, Hong SW, Kim MJ, et al. The 
role of BRAFV600E mutation and ultrasonography for the surgical 
management of a thyroid nodule suspicious for papillary thyroid 
carcinoma on cytology. Ann Surg Oncol. 2009;16(11):3125–31.

 57. Krane JF, Vanderlaan PA, Faquin WC, Renshaw AA.  The atypia 
of undetermined significance/follicular lesion of undetermined 
significance: malignant ratio: a proposed performance measure for 
reporting in the Bethesda System for thyroid cytopathology. Cancer 
Cytopathol. 2012;120(2):111–6.

 58. Bongiovanni M, Crippa S, Baloch Z, Piana S, Spitale A, Pagni F, 
et al. Comparison of 5-tiered and 6-tiered diagnostic systems for 
the reporting of thyroid cytopathology: a multi-institutional study. 
Cancer Cytopathol. 2012;120(2):117–25.

 59. Nayar R, Ivanovic M. The indeterminate thyroid fine-needle aspira-
tion: experience from an academic center using terminology simi-
lar to that proposed in the 2007 National Cancer Institute Thyroid 

Fine Needle Aspiration State of the Science Conference. Cancer. 
2009;117(3):195–202.

 60. Baloch Z, LiVolsi VA, Jain P, Jain R, Aljada I, Mandel S, et al. Role 
of repeat fine-needle aspiration biopsy (FNAB) in the management 
of thyroid nodules. Diagn Cytopathol. 2003;29(4):203–6.

 61. Yang J, Schnadig V, Logrono R, Wasserman PG. Fine-needle aspi-
ration of thyroid nodules: a study of 4703 patients with histologic 
and clinical correlations. Cancer. 2007;111(5):306–15.

 62. Na DG, Baek JH, Jung SL, Kim JH, Sung JY, Kim KS, et al. Core 
needle biopsy of the thyroid: 2016 consensus statement and recom-
mendations from Korean Society of Thyroid Radiology. Korean J 
Radiol. 2017;18(1):217–37.

 63. Kim SK, Hwang TS, Yoo YB, Han HS, Kim DL, Song KH, et al. 
Surgical results of thyroid nodules according to a management 
guideline based on the BRAF(V600E) mutation status. J Clin 
Endocrinol Metab. 2011;96(3):658–64.

 64. Adeniran AJ, Hui P, Chhieng DC, Prasad ML, Schofield K, 
Theoharis C. BRAF mutation testing of thyroid fine-needle aspira-
tion specimens enhances the predictability of malignancy in thy-
roid follicular lesions of undetermined significance. Acta Cytol. 
2011;55(6):570–5.

 65. Nikiforov YE, Steward DL, Robinson-Smith TM, Haugen BR, 
Klopper JP, Zhu Z, et al. Molecular testing for mutations in improv-
ing the fine-needle aspiration diagnosis of thyroid nodules. J Clin 
Endocrinol Metab. 2009;94(6):2092–8.

 66. Yoo WS, Choi HS, Cho SW, Moon JH, Kim KW, Park HJ, et al. The 
role of ultrasound findings in the management of thyroid nodules 
with atypia or follicular lesions of undetermined significance. Clin 
Endocrinol (Oxf). 2014;80(5):735–42.

 67. Orija IB, Pineyro M, Biscotti C, Reddy SS, Hamrahian AH. Value 
of repeating a nondiagnostic thyroid fine-needle aspiration biopsy. 
Endocr Pract. 2007;13(7):735–42.

 68. Alexander EK, Heering JP, Benson CB, Frates MC, Doubilet PM, 
Cibas ES, et  al. Assessment of nondiagnostic ultrasound-guided 
fine needle aspirations of thyroid nodules. J Clin Endocrinol Metab. 
2002;87(11):4924–7.

 69. Meier DA, Brill DR, Becker DV, Clarke SE, Silberstein EB, Royal 
HD, et al. Procedure guideline for therapy of thyroid disease with 
(131)iodine. J Nucl Med. 2002;43(6):856–61.

 70. Abalovich M, Amino N, Barbour LA, Cobin RH, De Groot LJ, 
Glinoer D, et al. Management of thyroid dysfunction during preg-
nancy and postpartum: an Endocrine Society Clinical Practice 
Guideline. J Clin Endocrinol Metab. 2007;92(8 Suppl):S1–47.

 71. Moosa M, Mazzaferri EL.  Outcome of differentiated thyroid 
cancer diagnosed in pregnant women. J Clin Endocrinol Metab. 
1997;82(9):2862–6.

 72. Marley EF, Oertel YC.  Fine-needle aspiration of thyroid lesions 
in 57 pregnant and postpartum women. Diagn Cytopathol. 
1997;16(2):122–5.

 73. Popoveniuc G, Jonklaas J. Thyroid nodules. Med Clin North Am. 
2012;96(2):329–49.

 74. Rallison ML, Dobyns BM, Keating FR Jr, Rall JE, Tyler 
FH. Thyroid nodularity in children. JAMA. 1975;233(10):1069–72.

 75. Raab SS, Silverman JF, Elsheikh TM, Thomas PA, Wakely 
PE.  Pediatric thyroid nodules: disease demographics and clini-
cal management as determined by fine needle aspiration biopsy. 
Pediatrics. 1995;95(1):46–9.

 76. Feinmesser R, Lubin E, Segal K, Noyek A.  Carcinoma of the 
thyroid in children--a review. J Pediatr Endocrinol Metab. 
1997;10(6):561–8.

 77. Hundahl SA, Fleming ID, Fremgen AM, Menck HR. A National 
Cancer Data Base report on 53,856 cases of thyroid carci-
noma treated in the U.S., 1985-1995 [see comments]. Cancer. 
1998;83(12):2638–48.

3 Thyroid Nodules and Cancer



35© Springer Nature Switzerland AG 2022
F. Bandeira et al. (eds.), Endocrinology and Diabetes, https://doi.org/10.1007/978-3-030-90684-9_4

Evaluation of Sellar Masses

Todd B. Nippoldt

 Introduction

The clinical presentation of a patient with a sellar mass can 
include signs and symptoms of hormonal excess, hormonal 
deficiency, or of the mass itself such as vision loss or head-
ache. Alternatively a sellar mass may be discovered inciden-
tally on brain imaging performed for an unrelated reason. 
Autopsy and radiology studies suggest the prevalence of 
incidentally found pituitary masses to be approximately 10% 
of the population [1]. Clinically significant pituitary lesions 
are diagnosed in 1 in 1000 people [2]. Although a wide vari-
ety of diseases can manifest as sellar or parasellar masses 
(Table 4.1), the vast majority of clinically apparent and inci-
dentally found lesions are pituitary adenomas or Rathke’s 
cleft cyst [3]. The effects of excess hormonal secretion (pro-
lactin (PRL), growth hormone (GH), corticotrophin (ACTH), 
thyrotropin (TSH)) from functioning pituitary adenomas can 
lead to significant morbidity and increased mortality. 
Hypopituitarism can be a consequence of any mass lesion in 
the sellar or parasellar region.

In this chapter the clinical, radiologic, and laboratory 
evaluation of patients with a sellar mass will be discussed. 
As over 94% of sellar masses are either pituitary adenomas 
or Rathke’s cleft cysts [4], management of these lesions will 
be emphasized. A limited discussion of the less common 
lesions is included emphasizing those characteristics that 
help differentiate them from adenomas and Rathke’s cleft 
cysts.

 Key Points to the Diagnosis

 Radiologic Findings

Sellar, parasellar, and pituitary stalk pathology (Table  4.1) 
can be identified by abnormalities on plain X-rays, computed 
tomography (CT), or magnetic resonance imaging (MRI). 
Enlargement of the boney sella turcica, erosion of the clinoid 
processes, and intra- or supra-sellar calcifications are find-
ings of pituitary lesions on skull X-ray. Cross-sectional 
imaging defines the size of the mass, degree of parasellar 
extension, and relationship with other intracranial structures 
and provides imaging characteristics that suggest the etiol-
ogy of the lesion (Table 4.2). MRI scanning is superior to CT 
scanning in defining sellar masses and should be obtained in 
all patients if possible [11]. Clinical decisions regarding fur-
ther evaluation and management depend on findings that are 
most accurately demonstrated by MRI imaging.

Pituitary adenomas are arbitrarily categorized by size as 
microadenomas (<10  mm) or macroadenomas (≥10  mm). 
On high-resolution CT, pituitary adenomas are typically 
hypodense compared with the normal gland on both unen-
hanced and contrast-enhanced images. On MRI imaging [12, 
13], 80–90% of microadenomas appear as a focal hypoin-
tense lesion compared with the normal gland (Fig. 4.1) on 
unenhanced T1-weighted images. After gadolinium, an ade-
noma typically enhances less avidly than the rest of the gland 
(Fig. 4.2a). On T2-weighted images, up to 50% of microad-
enomas are hyperintense. Other findings that can be seen 
with pituitary adenomas are focal erosion of the sella floor or 
focal convexity of the superior surface of the gland. Deviation 
of the pituitary stalk can be seen with microadenomas but 
may simply represent normal variation. Macroadenomas 
have similar signal characteristics as microadenomas. 
Comparing the pre- and post-contrast signal to the normal 
pituitary may not be possible as the normal pituitary may be 
compressed and totally obscured by the macroadenoma. 
Macroadenomas may grow and extend outside of the confines 
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Table 4.1 Sellar, parasellar, and pituitary stalk lesions [3–10]

Neoplastic Cysts Inflammatory/infiltrative Vascular
Pituitary adenoma
Craniopharyingioma
Chordoma
Metastasis
Meningioma
Germ cell tumor
Glioma
Granular cell tumor (pituicytoma)
Hypothalamic neuronal hamartoma
Dermoid
Primary plasmacytoma
Primary lymphoma
Cavernous sinus hemangioma
Pituitary carcinoma

Rathke’s cleft cyst
Arachnoid cyst
Epidermoid cyst

Lymphocytic hypophysitis
Granulomatous hypophysitis
Drug induced hypophysitis
Sarcoidosis
Langerhans cell histiocytosis
Eosinophilic infiltration (Churg–Strauss)
Infection: bacterial, mycobacterial, fungal, protozoal

Carotid aneurysm

Table 4.2 Imaging characteristics of selected sellar masses

MRI CT

Clinical hintsT1 T2 + GAD No contrast Contrast
Pituitary adenoma Hypointensea 

(80–90%)
Hyperintensea 
(50%)

Hypointensea Hypodensea Hypodensea Hormonal excess 
syndrome

Rathke’s cleft cyst Hyperintensea (50%)
Hypointensea (50%)

Hyperintensea 
(70%)
Iso- or 
hypointensea 
(30%)

Non-enhancing Homogenous 
hypodensea

Non-enhancing Location: often central 
between anterior and 
posterior lobes
Cyst contains 
non-enhancing nodule 
(77%)

Craniopharyingioma
(Adamantinomatous) Cystic portion: Iso- to 

hyperintenseb

Cystic portion: 
hyperintenseb 
(80%)

Enhancing Calcifications 
(90%)
Cystic portion: 
CSF density

Solid portion: 
enhancing 
(90%)

Mixed solid and cystic 
components

(Papillary) Cystic portion: 
hypointenseb (85%)
Solid portion: iso- to 
hypointenseb

Variable or 
mixed signal

Enhancing Calcifications are 
uncommon
Cystic portion: 
CSF density

Solid portion: 
enhancing

Lymphocytic 
hypophysitis

Isointenseb

Thickened 
infundibulum
Posterior pituitary 
bright spot may be 
absent

Parasellar 
hypointensityb

Enhancing
Dural 
enhancement 
may be present

Soft tissue 
density

Enhancing Female predominance 
F:M ~ 9:1
Often occurs during 
pregnancy or 
postpartum

Metastasis Intrasellar or 
infundibulum
May have dural 
thickening or bone 
destruction
Signal characteristics 
as in primary tumor

Signal 
characteristics 
as in primary 
tumor

Enhancing Soft tissue 
density

Enhancing Known primary 
malignancy

Meningioma Isointenseb (60–90%) Isointenseb 
(50%)
Hyperintenseb 
(35–40%)
Hypointenseb 
(10–15%)

Intense 
homogeneous 
enhancing

Calcification 
(20–30%)
Slightly 
hyperdenseb 
(60%)

Homogeneously 
enhancing 
(72%)

Chordoma Iso- to hypointenseb

May have foci of 
hyperintensity

Hyperintenseb Heterogeneous 
enhancing

Involves clivus
Usually mid-line 
posterior
Lytic bone 
destruction

Moderate to 
marked 
enhancing

GAD gadolinium contrast, CSF cerebral spinal fluid
aCompared to normal pituitary gland
bCompared to brain
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a b

Fig. 4.1 Normal pituitary gland on MRI T1-weighted image in the 
coronal plane prior to contrast (a) showing the normal pituitary gland 
(white arrow) and the relationship to the optic chiasm (gray arrow). 

T1-weighted image after gadolinium (b) demonstrates uniform 
enhancement of the normal pituitary gland and infundibulum

a b

Fig. 4.2 MRI T1-weighted images in the coronal plane after gadolin-
ium showing (a) a pituitary microadenoma (white arrow) located in the 
right side of the gland that enhances less than the normal pituitary tissue 

and (b) a pituitary macroadenoma (white arrow) with suprasellar exten-
sion displacing and deforming the optic chiasm (gray arrow)
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of the sella turcica. Superior extension of the tumor can 
cause displacement or compression of the optic nerves and 
chiasm (Fig.  4.2b). Some adenomas may grow inferiorly, 
erode through the floor of the sella, and fill the sphenoid 
sinus. Adenomas that invade laterally into the cavernous 
sinus are unlikely to be cured surgically. Unfortunately both 
CT and MRI are not highly accurate in predicting cavernous 
sinus invasion. Encasement of the internal carotid artery is 
conclusive evidence. A tumor extending beyond the lateral 
aspect of the internal carotid artery on coronal MRI images 
is highly suggestive of cavernous sinus involvement. There 
are cystic variants of pituitary adenomas, and cystic degen-
eration and hemorrhage may also be present.

The imaging characteristics of Rathke’s cleft cysts [12, 
13] reflect their etiology. These non-neoplastic cysts arise 
from remnants of epithelium from Rathke’s pouch (tiny 
intrasellar cysts in this area may be referred to as pars inter-
media cysts). They are typically seen in the center of the 
gland, although they can be laterally located or present in the 
suprasellar space (Fig. 4.3). Many of these cysts are isoin-
tense with cerebral spinal fluid (CSF) on MRI imaging; how-
ever, if they contain proteinaceous fluid, they may be 
hyperintense on T1- and T2-weighted sequences. They lack 
contrast enhancement and do not contain calcifications. A 
small intracystic nodule is present in 77% of cases [14]. 
Occasionally a Rathke’s cleft cyst can enlarge and compress 
the optic chiasm.

 History, Physical Examination, and Laboratory 
Findings

Symptoms, findings on physical examination, and laboratory 
abnormalities associated with pituitary tumors are due to the 
effects of hormonal excess, hormonal deficiency, or local 
effects of the mass on surrounding tissues. Detailed ques-
tioning regarding the symptoms and examination for the 
physical signs associated with excess and deficiency of each 
hormonal axis should be obtained. Symptoms related to 
mass effect include vision loss that is classically loss of 
peripheral vision from compression of the optic chiasm. 
Other patterns of visual loss can occur due to anatomic varia-
tion in the anatomy of the optic nerves and chiasm. As vision 
loss can occur very slowly over years, some patients may not 
be aware of vision loss even in the presence of significant 
visual field deficits. Although loss of peripheral vision may 
be demonstrable on physical examination, automated perim-
etry should be obtained with masses that approach or contact 
the optic apparatus. Headaches are unlikely to occur with 
small masses that are confined to the sella. Larger masses 
with extrasellar extension can cause headaches. Interestingly, 
likely due to slow growth and tissue adaptation, many 
patients with huge sellar-based masses do not have head-
aches. The sudden onset of a severe headache, acute onset of 
symptoms of pituitary insufficiency, and cranial nerve defi-
ciency such as diplopia or ptosis can be seen with hemor-

a b

Fig. 4.3 MRI T1-weighted images in the coronal plane showing an intrasellar Rathke’s cleft cyst. Prior to contrast (a) the cyst shows mild 
increased intensity compared to normal brain. After gadolinium (b) the cyst does not enhance
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rhage in a pituitary adenoma (pituitary apoplexy). Polyuria 
and polydipsia will be present in lesions affecting the poste-
rior pituitary, pituitary stalk, or hypothalamus that cause 
deficiency of antidiuretic hormone (diabetes insipidus). 
Although it is uncommon, many different systemic illnesses 
can involve the pituitary and parasellar area, and a thorough 
review of systems should be completed. If the history or 
physical exam suggests hormonal excess or deficiency, the 
appropriate hormonal laboratory evaluation should be 
obtained including dynamic testing if necessary. The labora-
tory evaluation for asymptomatic patients with a pituitary 
mass is discussed below.

 Evaluation of the Incidentally Found 
Pituitary Mass

Clinicians are commonly presented with patients who have 
had a pituitary mass incidentally discovered. The “pituitary 
incidentaloma” is defined as an asymptomatic mass in the 
pituitary, found on imaging done for an unrelated reason. 
The majority of these lesions are small, usually less than 
1 cm in diameter, and represent either pituitary adenomas or 
Rathke’s cleft cysts. To decide what tests, if any, should be 
obtained and if treatment or observation is indicated, one 
needs to confirm the patient is asymptomatic and also con-
sider the potential for, and the clinical impact of, hormone 
deficiency, hormone excess, and tumor growth.

Incidentally found macroadenomas are commonly associ-
ated with hormone deficiencies with a reported prevalence of 
hypopituitarism ranging between 15 and 57% [15, 16]. The 
presence of hormone deficiencies in incidentally found 
microadenomas is controversial, likely reflecting the arbi-
trary size cutoff of greater or less than 1 cm and the fact that 
subtle deficiencies may be present despite normal baseline 
hormonal levels. Retrospective studies suggest that inciden-
tally found microadenomas have a very low chance of being 
associated with hormonal hypofunction with most studies 
reporting a 0% incidence. However, this needs to be inter-
preted in light of a study [17] involving 38 patients with 
microadenomas (55% incidentally found, 45% found on 
imagining done to evaluate abnormal laboratory tests sug-
gesting pituitary dysfunction). GH releasing hormone 
(GHRH)/arginine stimulation found 50% of these patients to 
be GH deficient. In addition, basal hormone levels and/or 
1 μg Cortrosyn stimulation identified at least one deficiency 
of gonadotropins, TSH, and/or ACTH in 50% of the patients. 
This led the Endocrine Society task force that developed the 
clinical guidelines for pituitary incidentalomas to favor 
screening for hormone deficiency in tumors greater than 
5 mm [11].

Recommendations vary widely as to the specific labora-
tory tests that should be obtained. Given the current litera-

ture, laboratory testing to identify subclinical hypopituitarism 
in asymptomatic patients with an incidentally found pituitary 
mass should be obtained when the mass is greater than 5 mm 
in size (Table 4.3). It is reasonable to obtain TSH and free 
thyroxine to rule out secondary hypothyroidism, IGF-1 to 
screen for GH deficiency, and a morning cortisol level to 
screen for secondary adrenal insufficiency, realizing that 
basal levels of IGF-1 and morning cortisol may not be ade-
quate to determine normalcy or deficiency, and dynamic test-
ing may be required. Obtaining a testosterone level in men 
and a menstrual history in women will determine if hypogo-
nadism is present. Measuring LH and FSH may be helpful in 
some instances, for example, if there is concern about coin-
cidental primary hypogonadism.

Clinically non-functioning adenomas are most commonly 
found. Classification of non-functioning adenomas using 
mitotic count, Ki-67 proliferation index, the density and pat-
tern of granules, and immunohistochemical assessment of 
certain receptors, enzymes, proteins, and hormones may be 
helpful in identifying those tumors that are more aggressive 
[18].

The most common hormone overproduced in incidentally 
found pituitary masses is PRL with an incidence of 12–28% 
[16, 19, 20]. Prolactin measurement should be done after 
serial dilutions of the serum in macroadenomas as falsely 
low values may be present when prolactin concentration is in 
fact very high due to the high-dose hook effect of the assay 
[21]. Prolactinomas have potential for morbidity, testing is 
easy, and safe and effective treatment is available.

The incidence of GH overproduction by an incidentally 
found mass is between 2 and 8% [16]. In early cases symp-
toms and physical findings may be quite subtle, but there is 
potential for serious morbidity and mortality if GH excess is 
not detected. There is also a high likelihood of surgical cure 
when the tumor is small.

Table 4.3 Recommended hormonal tests for asymptomatic patients 
with an incidentally found pituitary mass

To rule out 
subclinical 
hormone excess

To rule out subclinical 
hormone deficiency

All sizes Size ≤5 mm
Size 
>5 mm

Prolactina X
IGF-1b X X
FT4, TSH X
Testosterone (men) X
Menstrual history 
(premenopausal 
women)
AM Cortisolb X

aMeasure after dilutions in macroadenomas to rule out high-dose hook 
effect
bIGF-1 and AM cortisol levels may not be sufficient to indicate nor-
malcy or deficiency, and dynamic studies may be necessary
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No instances of ACTH excess have been reported in clini-
cal studies of pituitary incidentaloma. Autopsy studies report 
between 1 and 13.8% of the adenomas stained for ACTH 
[22]. The screening tests for ACTH excess are cumbersome 
to perform and, particularly in asymptomatic patients, have 
high false-positive rates [23]. Although Cushing’s disease is 
serious, screening for ACTH excess in patients with no clini-
cal suspicion of glucocorticoid excess is not recommended 
due to the low prevalence and the high false-positive rate of 
the screening tests [11].

Although autopsy studies indicate 4% of incidentally 
found adenomas stain for gonadotropins, LH and FSH are 
usually in the normal range and are often biologically inac-
tive in surgically proven gonadotropin adenomas. Rare cases 
of elevated testosterone levels in men and ovarian hyperstim-
ulation in women due to gonadotropin-secreting pituitary 
adenomas have been reported [24, 25]. If a clinical syndrome 
is present with a gonadotropin producing adenoma, it is usu-
ally hypogonadism associated with a macroadenoma.

TSH-secreting pituitary adenomas are exceedingly rare, 
and none has been reported in clinical or autopsy series of 
incidentally found masses. These usually present clinically 
as macroadenomas with symptoms of hyperthyroidism [26]. 
Routine screening in the setting of a pituitary incidentaloma 
is not recommended.

Given the frequency and the clinical impact of overpro-
duction of the various hormones, and the sensitivity and 
specificity of the screening tests, it is reasonable to obtain 
levels of PRL and IGF-1 to rule out subclinical excess secre-
tion for all truly asymptomatic patients with incidentally 
found pituitary masses (Table 4.2).

An automated visual field examination should also be 
obtained at baseline if a macroadenoma is approaching or 
contacting the optic chiasm on MRI images [11]. This serves 
to determine if there is subclinical vision loss and also to 
serve as a baseline to determine if future growth, or surgical 
or radiation treatment, caused new vision loss.

Both microadenomas and macroadenomas have the 
potential to increase in size over time. Growth may occur 
after several years of stability. Macroadenomas likely grow 
more often (7–51%) than microadenomas (0–14%) [3]. Any 
increase in size of a macroadenoma has a higher chance of 
causing clinically significant mass effects.

Observation is appropriate if there is no hormonal over- or 
underproduction and the mass is not causing or threatening 
vision loss. If the decision is made to observe, repeat imag-
ing with MRI scanning should be done initially at 
6–12 months, and then annually for 2–4 years, and periodi-
cally thereafter. Doubling the interval since the last scan if no 
change is noted is appropriate. With macroadenomas, fol-
low- up should include hormonal assessment for hypopituita-
rism, assessment for symptoms of mass effect, and imaging 

with MRI.  Since the decision to do surgery on a non- 
functioning macroadenoma is going to rest primarily on the 
development of vision loss, formal visual fields (if the mass 
is in proximity to the optic chiasm) should be obtained at 
these same intervals. All follow-up scans should be com-
pared to the baseline scan in addition to the prior scan, since 
minor consecutive increases in size may not be appreciated.

 Differential Diagnosis

A wide spectrum of lesions with various etiologies can mani-
fest as masses in the sellar or parasellar region (Table 4.1). 
Excluding pituitary adenomas and Rathke’s cleft cysts, they 
represent only about 6% of clinically apparent lesions [4]. 
Brief discussions of some of these lesions follow.

Craniopharyngiomas are tumors of epithelial origin that 
can affect both children and adults. Craniopharyngiomas are 
often located in the suprasellar space but can be within the 
sella. They can appear solid on imaging but often contain 
both solid and cystic components. Calcifications, seen on 
plain X-ray or CT, may be present. These tumors commonly 
present with vision loss, anterior pituitary hormone deficien-
cies, and diabetes insipidus [27].

Chordoma is an aggressive, rare bone cancer that is 
locally invasive and has a predilection for the axial skeleton, 
with the most common sites being the sacrum, skull base, 
and spine. Parasellar chordomas usually involve the dorsum 
sella, clivus, or nasopharynx and cause local bone destruc-
tion (best seen on CT). Symptoms of headache or neck pain 
are common, and diplopia or facial numbness can occur if 
cavernous sinus invasion is present [28].

Germ cell tumors can affect the central nervous system. 
The pineal gland is the most common site for intracranial 
germ cell tumors. These tumors can also be located in the 
suprasellar region, basal ganglia, posterior fossa, pituitary 
gland, or medulla. They may manifest as multiple discreet 
lesions, and leptomeningeal spread occurs in 10–15% of 
cases. Common symptoms include headache, diplopia, 
hypopituitarism, and diabetes insipidus [29]. They typically 
present in teenagers or young adults (peak incidence age 
10–14  years) and rarely present in patients greater than 
30 years old. The diagnosis is facilitated by measuring the 
tumor markers beta-human chorionic gonadotropin (βHCG) 
and alpha-fetoprotein (AFP), which may be present in blood 
or CSF.

Metastatic tumors to the sellar area are usually asymp-
tomatic from the pituitary standpoint and typically are 
found in patients with known metastatic disease. The poste-
rior lobe of the pituitary or the hypothalamus are more 
commonly involved making diabetes insipidus the most 
common pituitary- related symptom. Metastases may also 
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cause anterior pituitary dysfunction, vision loss, diplopia, 
and retro- orbital pain. The most common primary sites are 
the breast, lung, gastrointestinal tract, kidney, prostate, and 
melanoma [30].

Primary brain tumors may present in or around the sella. 
Parasellar meningiomas are often located by dorsum sella or 
clivus [31]. Radiologically meningiomas are typically isoin-
tense to hypointense to gray matter on T1-weighted MRI 
sequences and isointense to hyperintense on T2-weighted 
MRI sequences. They typically display intense homoge-
neous enhancement and may show calcification. Gliomas 
located in the parasellar region often arise from the optic 
nerves or optic chiasm and have an unpredictable clinical 
course [32].

Lymphocytic hypophysitis is a presumed autoimmune 
inflammation of the pituitary that is more common in pre-
menopausal women (80–90%), often presenting during preg-
nancy or postpartum, but can occur in men, children, and the 
elderly [33]. Symptoms commonly include headache that is 
often intense. Pituitary insufficiency may involve only one 
hormone axis, including diabetes insipidus, or multiple hor-
mone deficiencies may be present. Imaging can be variable 
showing diffuse pituitary enlargement, enlargement of both 
the pituitary and pituitary stalk, and stalk enlargement only 
that may appear as a suprasellar mass. Usually homogeneous 
contrast enhancement is present. Occasionally a presumptive 
diagnosis of lymphocytic hypophysitis is made with a nor-
mal appearance of the pituitary on imaging.

Hypophysitis can occur in patients being treated with 
immune checkpoint inhibitors for solid tumor malignancies. 
These monoclonal antibodies have different mechanisms of 
action, and hypophysitis is usually seen with the CTLA-4 
(cytotoxic T-lymphocyte associated protein-4) preparation 
ipilimumab and the PD-1 (programmed cell death-1) prepa-
rations nivolumab and pembrolizumab. The predicted inci-
dence of hypophysitis with ipilumimab is 3.8% and 1.1% 
with nivolumab and pembrolizumab. Combination therapy 
with ipilimumab and nivolumab has an 8% predictive inci-
dence of hypophysitis [34, 35].

Neurosarcoidosis can affect the parasellar region and 
often involves the hypothalamus and/or pituitary stalk [36]. 
Angiotensin-converting enzyme (ACE) levels usually are 
elevated in the blood or CSF. Other organs are typically 
affected at some point in the course of the disease, but para-
sellar neurosarcoidosis can be the only manifestation.

 Present and Future Therapies

 Transsphenoidal Surgery

Since the 1970s, the standard surgical approach for most 
pituitary tumors has been via the sublabial transsphenoidal 

route [37]. This approach to the sphenoid sinus involves 
making a sublabial incision for access to the nasal cavity and 
then removing the nasal septum. The sphenoid sinus is then 
entered allowing access to the sella turcica. After resection of 
the tumor, the nasal septum is replaced requiring nasal pack-
ing postoperatively. In the mid-1990s, surgeons began using 
a modification of the standard surgical technique utilizing 
the nasal endoscope [38]. With this endoscopic transnasal 
transsphenoidal approach, there is no external incision. The 
nasal endoscope is placed through one nostril and advanced 
to the anterior wall of the sphenoid sinus. The sphenoid 
ostium is identified and enlarged, and the posterior portion of 
the vomer is removed allowing access to the sphenoid sinus. 
After placement of a self-retaining nasal speculum, the sella 
turcica is entered, and the neurosurgical portion of the proce-
dure is undertaken as with the sublabial transseptal approach. 
After resection of the tumor, the nasal speculum is with-
drawn, the nasal septum is adjusted to midline if necessary, 
and a mustache nasal dressing is applied. The main differ-
ence in the two procedures from the surgeon’s standpoint is 
that with the endoscopic transnasal approach, the surgical 
field is smaller and is angled approximately 10° off-center 
[39]. The disadvantages this may present to the surgeon can 
be overcome with experience [40].

For the patient, the absence of the sublabial incision elim-
inates the possibility of developing lip numbness postopera-
tively, and leaving the nasal septum intact decreases 
postoperative discomfort from nasal packs and decreases the 
chance for complications related to the nasal septum. 
Additionally, the length of hospitalization, anesthesia time, 
and blood loss are reportedly less with the endoscopic 
approach [41, 42].

Operative success regarding extent of tumor resection, 
normalization of visual deficits, and normalization of hor-
monal hypersecretion are similar or better using the transna-
sal endoscopic technique. Surgical complications, including 
mortality, vision loss, new pituitary hormonal deficits, CSF 
leak, and infections are comparable between the two proce-
dures [39, 43–49].

 Radiation

Radiation therapy of pituitary adenomas has been used as 
primary therapy for pituitary adenomas as well as for treat-
ment of residual or recurrent tumors after surgery. The major 
limiting factor for radiation therapy is damage to the normal 
surrounding tissues. For pituitary adenomas the radiation 
must pass through normal brain tissue, and the tumors are 
often adjacent to radiation-sensitive structures such as the 
optic nerves and normal pituitary gland.

The state of the art for fractionated X-ray radiotherapy is 
termed fractionated stereotactic radiation therapy (FRST) 
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and is an improvement over conventional radiation therapy 
(CRT) in that it uses techniques to increase the radiation dose 
to the tumor while limiting the exposure of normal tissues. 
Control of non-functioning pituitary adenoma growth 
appears to be better with FRST compared to CRT [50].

Stereotactic radiosurgery is a technique using multiple 
lower-dose X-ray radiation beams conformationally focused 
on the tumor and delivered in a single session. It has proven 
to be effective with both non-functioning and hormone- 
secreting pituitary adenomas for patients with recurrent or 
residual tumors after surgery or if medical therapy has failed. 
Inhibition of further tumor growth occurs in greater than 
95% of patients treated with radiosurgery for non- functioning 
adenomas [51].

Patients with hormone-secreting pituitary adenomas 
treated with radiosurgery have a very wide range of reported 
biochemical remission, varying from 17 to 82% [52]. This 
variation in published reports on remission rates following 
radiosurgery for hormone-producing pituitary adenomas 
likely is due to advances in the technique over time, varied 
definitions of endocrine cure, and relatively short follow-up 
periods after radiosurgery.

It remains controversial whether pituitary-suppressive 
medications (somatostatin analogues or dopamine agonists) 
at the time of radiosurgery have any impact on remission of 
hormone hypersecretion. Several studies have noted that 
patients using either somatostatin or dopamine agonists at 
the time of radiosurgery for GH- or PRL-secreting tumors 
less frequently achieved biochemical remission [53, 54]. A 
study of 46 acromegalic patients who underwent radiosur-
gery found that patients who did not receive pituitary- 
suppressive medications at the time of radiosurgery were 
four times more likely to reach normal GH and IGF-1 levels 
than those who had [52]. Conversely, some studies have 
failed to find any association between biochemical remission 
rates for acromegalic patients who received somatostatin 
analogues at the time of radiosurgery and those who did not 
[55, 56].

The primary adverse effect of pituitary radiosurgery is the 
development of new anterior pituitary hormone deficits. The 
development of new pituitary hormone deficits ranges 
between 7 and 41% in studies with mean follow-up intervals 
of 4–5 years. The different rates of hypopituitarism reported 
likely relate to variation in the patient characteristics includ-
ing history of prior surgery or fractionated radiation therapy, 
radiation dose prescribed, treatment volume, follow-up 
intervals, and the completeness of the patients’ endocrine 
evaluation [57].

An alternative to X-ray radiation is using proton therapy 
as the radiation source. Proton therapy exposes normal tissue 
closer to the surface of the body to lower radiation doses than 
the tumor receives and is effective in treating functioning and 
non-functioning pituitary adenomas [58, 59].

 Medical Therapy

Medical therapy is used to decrease hormone overproduction 
by functioning pituitary adenomas or block the effects of 
excess hormone secretion and in some instances may be used 
to decrease tumor size relieving symptoms of mass effect or 
to limit further growth.

For patients with prolactinomas, medical treatment with a 
dopamine agonist is usually the first-line therapy. Cabergoline 
and bromocriptine are the agents most commonly used, and 
both are effective in normalizing PRL secretion and decreas-
ing tumor size with cabergoline being more efficacious and 
more tolerable than bromocriptine [60]. Some patients 
achieve prolonged remission after 2 or more years of treat-
ment. Cardiac valve disease has been described with caber-
goline therapy but is rare in patients treated with the standard 
doses used for the treatment of hyperprolactinemia. Patients, 
especially those on doses of cabergoline greater than 2.0 mg/
week, should be periodically assessed for valvular heart dis-
ease. Impulse control disorders can occur in patients treated 
with dopamine agonists for Parkinson’s disease and restless 
legs syndrome and has also been reported in patients with 
prolactinomas [61].

GH-secreting pituitary adenomas are usually initially 
treated with surgery and/or radiation therapy. Medical ther-
apy is used with persistent disease after surgery, while wait-
ing for the effects of radiation, and occasionally as primary 
therapy in selected patients unable to tolerate surgery or with 
clearly unresectable disease [62]. The somatostatin ana-
logues octreotide and lanreotide, given by intramuscular or 
subcutaneous injection, respectively, act by decreasing GH 
secretion from the adenoma. Normalization of IGF-1 levels 
occurs in approximately 60% of patients. Tumor size can 
decrease in some patients, but the decrease is modest and 
usually not clinically significant. Common side effects 
include nausea and diarrhea, but these usually resolve despite 
continued therapy. Development of gallstones occurs in up to 
30% of patients but rarely is symptomatic requiring therapy. 
In patients with mild GH excess, treatment with the dopa-
mine agonist cabergoline may normalize IGF-1 secretion. 
Pegvisomant, a GH receptor antagonist, normalizes IGF-1 
levels in 90% of patients, is usually well tolerated, but can 
cause drug-induced hepatitis. Increase in the size of the ade-
noma has been reported in some patients.

Medical therapy options for patients with ACTH- 
producing pituitary adenomas and persistent cortisol excess 
after transsphenoidal surgery or radiation have expanded in 
recent years. Ketoconazole and metyrapone suppress adrenal 
cortisol production by inhibiting steroidogenic enzymes 
[63]. Their efficacy however decreases with time as the con-
tinued ACTH stimulation overrides the enzymatic block. 
Because of this, their role is primarily in correcting severe 
hypercortisolism in the short term prior to definitive surgical 
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treatment. Hepatotoxicity can occur with ketoconazole 
requiring monitoring of hepatic enzymes. Pasireotide is a 
somatostatin analog with high binding affinity for four of the 
five known somatostatin receptor subtypes (sst1–3 and sst5). 
ACTH-producing adenomas can express multiple sst recep-
tors, with the predominant receptor being sst5. Octreotide 
and lanreotide, which are not effective in treating ACTH- 
producing adenomas, have high affinity for sst2 and low 
affinity for sst5. Pasireotide, with a 40-fold higher affinity for 
sst5 than octreotide, normalized or decreased by ≥50% uri-
nary free cortisol in approximately 50% of treated patients 
after 6 months. Hyperglycemia-related adverse events how-
ever occurred in 73% of patients with 46% requiring initia-
tion of or an additional glucose-lowering medication [64]. 
Mifepristone is a cortisol receptor antagonist shown to 
improve glycemic parameters, lower diastolic BP, and 
improve clinical signs and symptoms in patients with 
Cushing’s syndrome from various etiologies [65]. Adverse 
events however occurred in 88% of the subjects. As cortisol 
levels rise during treatment, hormonal levels cannot be used 
to monitor treatment, and overtreatment resulting in adrenal 
insufficiency may be difficult to detect.

Laparoscopic bilateral adrenalectomy is an established, 
safe, and effective treatment for patients with persistent 
Cushing’s disease after pituitary surgery. Cortisol excess is 
immediately and definitively cured, but lifelong hormonal 
replacement with glucocorticoids and mineralocorticoids is 
required. There is potential for unrestrained growth of a 
residual ACTH-producing pituitary adenoma after adrenal-
ectomy (Nelson–Salassa syndrome). The vast majority of 
patients do not require tumor-directed therapy after adrenal-
ectomy as Nelson–Salassa syndrome typically occurs in the 
small subset with a clear evidence of invasive pituitary dis-
ease at the outset [66]. There are no studies comparing clini-
cal outcomes of bilateral adrenalectomy versus medical 
therapy for patients with persistent disease after pituitary 
surgery.

References

 1. Molitch ME.  Nonfunctioning pituitary tumors and pituitary inci-
dentalomas. Endocrinol Metab Clin N Am. 2008;37:151–71. xi.

 2. Bancos I, Natt N, Murad MH, Montori VM. Evidence-based endo-
crinology—illustrating its principles in the management of patients 
with pituitary incidentalomas. Best Pract Res Clin Endocrinol 
Metab. 2012;26(1):9–19.

 3. Orija IB, Weil RJ, Hamrahian AH.  Pituitary incidentaloma. Best 
Pract Res Clin Endocrinol Metab. 2012;26(1):47–68.

 4. Freda PU, Post KD.  Differential diagnosis of sellar masses. 
Endocrinol Metab Clin N Am. 1999;28:81–117. vi.

 5. Al-Sharydah AM, Al-Suhibani SS, Al-Jubran SA, 
Al-Abdulwahab AH, Al-Bar M, Al-Jehani HM, Al-Issawi 
WM.  Endoscopic management of a typical sellar cavernous 
hemangioma: a case report and review of the literature. Int J 
Surg Case Rep. 2018;42:161–4.

 6. Goulart CR, Upadhyay S, Ditzel Filho LFS, Beer-Furlan A, Carrau 
RL, Prevedello LM, Prevedello DM.  Newly diagnosed sellar 
tumors in patients with cancer: a diagnostic challenge and manage-
ment dilemma. World Neurosurg. 2017;106:254–65.

 7. Tajudeen BA, Kuan EC, Adappa ND, Han JK, Chandra RK, Palmer 
JN, Kennedy DW, Wang MB, Suh JD. Ectopic pituitary adenomas 
presenting as sphenoid or clival lesions: case series and manage-
ment recommendations. J Neurol Surg B. 2017;78:120–4.

 8. Lee J, Kulubya E, Pressman BD, Mamelak A, Bannykh S, Zada 
G, Cooper O.  Sellar and clival plasmacytomas: case series of 5 
patients with systematic review of 65 published cases. Pituitary. 
2017;20(3):381–92.

 9. Tarabay A, Cossu G, Berhouma M, Levivier M, Daniel RT, 
Messerer M. Primary pituitary lymphoma: an update of the litera-
ture. J Neurooncol. 2016;130(3):383–95.

 10. Phillips JJ, Misra A, Feuerstein BG, Kunwar S, Tihan T. Pituicytoma: 
characterization of a unique neoplasm by histology, immunohis-
tochemistry, ultrastructure, and array-based comparative genomic 
hybridization. Arch Pathol Lab Med. 2010;34:1063–9.

 11. Freda PU, Beckers AM, et  al. Pituitary incidentaloma: an endo-
crine society clinical practice guideline. J Clin Endocrinol Metab. 
2011;96(4):894–904.

 12. Adam A, Dixon AK. Grainger and Allison’s diagnostic radiology: a 
textbook of medical imaging, vol. 71. 5th ed. Philadelphia: Elsevier 
Limited; 2008. p. 1705–32.

 13. Pisaneschi M, Kapoor G. Imaging the sella and parasellar region. 
Neuroimaging Clin N Am. 2005;15(1):203–19.

 14. Byun WM, Kim OL, Kim D.  MR imaging findings of Rathke’s 
cleft cysts: significance of intracystic nodules. Am J Neuroradiol. 
2000;21:485–8.

 15. Reincke M, Allolio B, Saeger W, Menzel J, Winkelmann W. The 
‘incidentaloma’ of the pituitary gland. Is neurosurgery required? 
JAMA. 1990;263:2772–6.

 16. Feldkamp J, Santen R, Harms E, Aulich A, Mödder U, Scherbaum 
WA.  Incidentally discovered pituitary lesions: high frequency of 
macroadenomas and hormone secreting adenomas—results of a 
prospective study. Clin Endocrinol (Oxf). 1999;51:109–13.

 17. Yuen KC, Cook DM, Sahasranam P, Patel P, Ghods DE, Shahinian 
HK, Friedman TC. Prevalence of GH and other anterior pituitary 
hormone deficiencies in adults with nonsecreting pituitary micro-
adenomas and normal serum IGF-1 levels. Clin Endocrinol (Oxf). 
2008;69:292–8.

 18. Manojlovic-Gacic E, Engström BE, Casar-Borota 
O.  Histopathological classification of non-functioning pituitary 
neuroendocrine tumors. Pituitary. 2017; https://doi.org/10.1007/
s11102- 017- 0855- 1.

 19. Fainstein Day P, Guitelman M, Artese R, Fiszledjer L, Chervin 
A, Vitale NM, Stalldecker G, De Miguel V, Cornaló D, Alfieri A, 
Susana M, Gil M. Retrospective multicentric study of pituitary inci-
dentalomas. Pituitary. 2004;7:145–8.

 20. Donovan LE, Corenblum B.  The natural history of the pituitary 
incidentaloma. Arch Intern Med. 1995;155:181–3.

 21. Petakov MS, Damjanović SS, Nikolić-Durović MM, Dragojlović 
ZL, Obradović S, Gligorović MS, Simić MZ, Popović VP. Pituitary 
adenomas secreting large amounts of prolactin may give false low 
values in immunoradiometric assays. The hook effect. J Endocrinol 
Investig. 1998;21(3):184–8.

 22. Buurman H, Saeger W.  Subclinical adenomas in postmortem 
pituitaries: classification and correlations to clinical data. Eur J 
Endocrinol. 2006;154:753–8.

 23. Nieman LK.  Difficulty in the diagnosis of Cushing disease. Nat 
Clin Pract Endocrinol Metab. 2006;2(1):53–7.

 24. Snyder PJ.  Gonadotroph cell adenomas of the pituitary. Endocr 
Rev. 1985;6(4):552–63.

 25. Garmes HM, Grassiotto OR, et  al. A pituitary adenoma secret-
ing follicle-stimulating hormone with ovarian hyperstimulation: 

4 Evaluation of Sellar Masses

https://doi.org/10.1007/s11102-017-0855-1
https://doi.org/10.1007/s11102-017-0855-1


44

 treatment using a gonadotropin-releasing hormone antagonist. 
Fertil Steril. 2012;97(1):231–4.

 26. Beck-Peccoz P, Persani L, Mannavola D, Campi I.  Pituitary 
tumours: TSH-secreting adenomas. Best Pract Res Clin Endocrinol 
Metab. 2009;23(5):597–606.

 27. Stamm AC, Vellutini E, Balsalobre L.  Craniopharyngioma. 
Otolaryngol Clin N Am. 2011;44(4):937–52. viii.

 28. Walcott BP, Nahed BV, Mohyeldin A, Coumans JV, Kahle KT, 
Ferreira MJ. Chordoma: current concepts, management, and future 
directions. Lancet Oncol. 2012;13(2):e69–76.

 29. Wildemberg LE, Vieira Neto L, Taboada GF, Moraes AB, 
Marcondes J, Conceição FL, Chimelli L, Gadelha MR. Sellar and 
suprasellar mixed germ cell tumor mimicking a pituitary adenoma. 
Pituitary. 2011;14(4):345–50.

 30. Komninos J, Vlassopoulou V, Protopapa D, Korfias S, Kontogeorgos 
G, Sakas DE, Thalassinos NC. Tumors metastatic to the pituitary 
gland: case report and literature review. J Clin Endocrinol Metab. 
2004;89(2):574–80.

 31. Abele TA, Yetkin ZF, Raisanen JM, Mickey BE, Mendelsohn 
DB. Non-pituitary origin sellar tumours mimicking pituitary mac-
roadenomas. Clin Radiol. 2012;67(8):821–7.

 32. Shapey J, Danesh-Meyer HV, Kaye AH.  Diagnosis and 
management of optic nerve glioma. J Clin Neurosci. 
2011;18(12):1585–91.

 33. Carpinteri R, Patelli I, Casanueva FF, Giustina A. Pituitary tumours: 
inflammatory and granulomatous expansive lesions of the pituitary. 
Best Pract Res Clin Endocrinol Metab. 2009;23(5):639–50.

 34. Juszczak A, Gupta A, Karavitaki N, Middleton MR, Grossman 
AB. Ipilimumab: a novel immunomodulating therapy causing auto-
immune hypophysitis: a case report and review. Eur J Endocrinol. 
2012;167(1):1–5.

 35. Barroso-Sousa R, Barry WT, Garrido-Castro AC, Hodi FS, Min L, 
Krop IE, Tolaney SM. Incidence of endocrine dysfunction follow-
ing the use of different immune checkpoint inhibitor regimens a 
systematic review and meta-analysis. JAMA Oncol. 2017; https://
doi.org/10.1001/jamaoncol.2017.3064.

 36. Bihan H, Christozova V, Dumas JL, Jomaa R, Valeyre D, Tazi 
A, Reach G, Krivitzky A, Cohen R.  Sarcoidosis: clinical, hor-
monal, and magnetic resonance imaging (MRI) manifestations of 
hypothalamic- pituitary disease in 9 patients and review of the lit-
erature. Medicine (Baltimore). 2007;86(5):259–68.

 37. Hardy J. Atlas of transsphenoidal microsurgery in pituitary tumors. 
New York: Igaku-Shoin; 1991.

 38. Jho HD.  Endoscopic transsphenoidal surgery. J Neurooncol. 
2001;54:187–95.

 39. Atkinson JL, Young WF Jr, Meyer FB, Davis DH, Nippoldt TB, 
Erickson D, Vella A, Natt N, Abboud CF, Carpenter PC. Sublabial 
transseptal vs. transnasal combined endoscopic microsurgery in 
patients with Cushing disease and MRI-depicted microadenomas. 
Mayo Clin Proc. 2008;83(5):550–3.

 40. O’Malley BW Jr, Grady MS, Gabel BC, Cohen MA, Heuer GG, 
Pisapia J, Bohman LE, Leibowitz JM.  Comparison of endo-
scopic and microscopic removal of pituitary adenomas: single- 
surgeon experience and the learning curve. Neurosurg Focus. 
2008;25(6):E10.

 41. Sheehan MT, Atkinson JL, Kasperbauer JL, Erickson BJ, Nippoldt 
TB. Preliminary comparison of the endoscopic transnasal vs. the 
sublabial transseptal approach for clinically nonfunctioning pitu-
itary macroadenomas. Mayo Clin Proc. 1999;74(7):661–70.

 42. Cappabianca P, Cavallo LM, Colao A, Del Basso De Caro M, 
Esposito F, Cirillo S, Lombardi G, De Divitiis E. Endoscopic endo-
nasal transsphenoidal approach: outcome analysis of 100 consecu-
tive procedures. Minim Invasive Neurosurg. 2002;45:193–200.

 43. D’Haens J, Van Rompaey K, Stadnik T, Haentjens P, Poppe K, 
Velkeniers B. Fully endoscopic transsphenoidal surgery for func-
tioning pituitary adenomas: a retrospective comparison with tradi-

tional transsphenoidal microsurgery in the same institution. Surg 
Neurol. 2009;72(4):336–40.

 44. Cho DY, Liau WR.  Comparison of endonasal endoscopic sur-
gery and sublabial microsurgery for prolactinomas. Surg Neurol. 
2002;58:371–5.

 45. Frank G, Pasquini E, Farneti G, Mazzatenta D, Sciarretta V, Grasso 
V, Faustini FM. The endoscopic versus the traditional approach in 
pituitary surgery. Neuroendocrinology. 2006;83:240–8.

 46. Kabil MS, Eby JB, Shahinian HK.  Fully endoscopic endonasal 
vs. transseptal transsphenoidal pituitary surgery. Minim Invasive 
Neurosurg. 2005;48:348–54.

 47. Netea-Maier RT, van Lindert EJ, den Heijer M, van der Eerden A, 
Pieters GF, Sweep CG, Grotenhuis JA, Hermus AR. Transsphenoidal 
pituitary surgery via the endoscopic technique: results in 35 
consecutive patients with Cushing’s disease. Eur J Endocrinol. 
2006;154(5):675–84.

 48. Dehdashti AR, Ganna A, Karabatsou K, Gentili F. Pure endoscopic 
endonasal approach for pituitary adenomas: early surgical results 
in 200 patients and comparison with previous microsurgical series. 
Neurosurgery. 2008;62(5):1006–15.

 49. Ciric I, Ragin A, Baumgartner C, Pierce D. Complications of trans-
sphenoidal surgery: results of a national survey, review of the litera-
ture, and personal experience. Neurosurgery. 1997;40:225–37.

 50. Wilson PJ, De-Loyde KJ, Williams JR, Smee RI.  A single cen-
ter’s experience of stereotactic radiosurgery and radiotherapy for 
non-functioning pituitary adenomas with the Linear Accelerator 
(Linac). J Clin Neurosci. 2012;19(3):370–4.

 51. Prasad D. Clinical results of conformal radiotherapy and radiosur-
gery for pituitary adenoma. Neurosurg Clin N Am. 2006;17:129–41.

 52. Pollock BE, Jacob JT, Brown PD, Nippoldt TB. Radiosurgery of 
growth hormone-producing pituitary adenomas: factors associated 
with biochemical remission. J Neurosurg. 2007;106(5):833–8.

 53. Landolt AM, Haller D, Lomax N, Scheib S, Schubiger O, 
Siegfried J, et al. Stereotactic radiosurgery for recurrent surgically 
treated acromegaly: comparison with fractionated radiotherapy. J 
Neurosurg. 1998;88:1002–8.

 54. Pouratian N, Sheehan J, Jagannathan J, Laws ER Jr, Steiner L, 
Vance ML. Gamma knife radiosurgery for medically and surgically 
refractory prolactinomas. Neurosurgery. 2006;59(2):255–66.

 55. Attanasio R, Epaminonda P, Motti E, Giugni E, Ventrella L, Cozzi 
R, et al. Gamma-knife radiosurgery in acromegaly: a 4-year follow-
 up study. J Clin Endocrinol Metab. 2003;88:3105–12.

 56. Castinetti F, Taieb D, Kuhn JM, Chanson P, Tamura M, Jaquet 
P, et  al. Outcome of gamma knife radiosurgery in 82 patients 
with acromegaly: correlation with initial hypersecretion. J Clin 
Endocrinol Metab. 2005;90:4483–8.

 57. Leenstra JL, Tanaka S, Kline RW, Brown PD, Link MJ, Nippoldt 
TB, Young WF Jr, Pollock BE. Factors associated with endocrine 
deficits after stereotactic radiosurgery of pituitary adenomas. 
Neurosurgery. 2010;67(1):27–32.

 58. Ronson BB, Schulte RW, Han KP, Loredo LN, Slater JM, Slater 
JD. Fractionated proton beam irradiation of pituitary adenomas. Int 
J Radiat Oncol Biol Phys. 2006;64(2):425–34.

 59. Noel G, Gondi V. Proton therapy for tumors of the base of the skull. 
Chin Clin Oncol. 2016;5(4):51.

 60. Maiter D, Primeau V. 2012 update in the treatment of prolactino-
mas. Ann Endocrinol (Paris). 2012;73(2):90–8.

 61. Bancos I, Nannenga MR, Bostwick JM, Silber MH, Erickson D, 
Nippoldt TB. Impulse control disorders in patients with dopamine 
agonist-treated prolactinomas and nonfunctioning pituitary adeno-
mas: a case–control study. Clin Endocrinol. 2014;80:863–8.

 62. Katznelson L, Atkinson JL, Cook DM, Ezzat SZ, Hamrahian AH, 
Miller KK.  American Association of Clinical Endocrinologists 
medical guidelines for clinical practice for the diagnosis and treat-
ment of acromegaly—2011 update. Endocr Pract. 2011;17(Suppl 
4):1–44.

T. B. Nippoldt

https://doi.org/10.1001/jamaoncol.2017.3064
https://doi.org/10.1001/jamaoncol.2017.3064


45

 63. Feelders RA, Hofland LJ, de Herder WW.  Medical treatment of 
Cushing’s syndrome: adrenal-blocking drugs and ketoconazole. 
Neuroendocrinology. 2010;92(Suppl 1):111–5.

 64. Colao A, Petersenn S, Newell-Price J, Findling JW, Gu F, 
Maldonado M, Schoenherr U, Mills D, Salgado LR, Biller 
BM, Pasireotide B2305 Study Group. A 12-month phase 3 
study of pasireotide in Cushing’s disease. N Engl J Med. 
2012;366(10):914–24.

 65. Fleseriu M, Biller BM, Findling JW, Molitch ME, Schteingart DE, 
Gross C, SEISMIC Study Investigators. Mifepristone, a glucocor-

ticoid receptor antagonist, produces clinical and metabolic benefits 
in patients with Cushing’s syndrome. J Clin Endocrinol Metab. 
2012;97(6):2039–49.

 66. Porterfield JR, Thompson GB, Young WF Jr, Chow JT, 
Fryrear RS, van Heerden JA, Farley DR, Atkinson JL, Meyer 
FB, Abboud CF, Nippoldt TB, Natt N, Erickson D, Vella A, 
Carpenter PC, Richards M, Carney JA, Larson D, Schleck C, 
Churchward M, Grant CS. Surgery for Cushing’s syndrome: an 
historical review and recent ten-year experience. World J Surg. 
2008;32(5):659–77.

4 Evaluation of Sellar Masses



47© Springer Nature Switzerland AG 2022
F. Bandeira et al. (eds.), Endocrinology and Diabetes, https://doi.org/10.1007/978-3-030-90684-9_5

Hyperprolactinemia

Andrea Glezer and Marcello D. Bronstein

 Pathophysiology

PRL is secreted by the lactotrophs, present in the anterior 
pituitary gland, and its secretion is under the inhibitory con-
trol of hypothalamic dopamine that reaches the anterior pitu-
itary gland through the portal circulation via the pituitary 
stalk. Sellar and suprasellar tumors, as well as inflammatory 
and infectious diseases evolving pituitary stalk, prevent the 
inflow of the dopamine to lactotrophs, increasing PRL secre-
tion. Moreover, there are several factors releasing PRL secre-
tion, as estrogens, serotonin, thyrotropin-stimulating 
hormone (TRH), and vasoactive intestinal peptide (VIP) [1].

Hyperprolactinemia, defined by elevated serum PRL lev-
els above the normal range, is the most common 
hypothalamic- pituitary dysfunction and can result from sev-
eral causes, as physiological conditions (pregnancy, breast-
feeding, stress); pharmacological and pathological status, 
like kidney and liver failure, hypothyroidism, pituitary ade-
nomas, tumors, or other inflammatory diseases of the 
hypothalamic- pituitary region; and macroprolactinemia. 
Prolactinomas, adenomas with autonomous secretion of 
PRL, are the most common pituitary tumors, with a preva-
lence of 100 cases per million, more often reaching young 
women, being ten times more frequent in females aged 
20–50 years old than in males. Nevertheless, the prevalence 
becomes similar between genders in adults over 60 years old 
[1]. The differential diagnosis of hyperprolactinemia is 
essential for its proper treatment.

Secretion and pulsatility of gonadotropin-releasing hor-
mone (GnRH) is impaired in hyperprolactinemia, probably 
via kisspeptin [2], leading to gonadotropin deficiency and 
consequent hypogonadism. The classic manifestations are 
sexual dysfunction, infertility, menstrual irregularities, and 
bone mass loss [1]. Galactorrhea, often found among women 
with hyperprolactinemia, is not a mandatory or specific sign. 

Batrinos et al. evaluated 404 women with galactorrhea, with 
and without irregular menses, and the prevalence of hyperp-
rolactinemia was 42% and 15%, respectively [3]. Mass 
effects as headache and visual disturbances are often found 
[1] in macroprolactinomas and other tumors of the 
hypothalamic- pituitary region.

 Key Points for Diagnosis

Hyperprolactinemia is defined when serum PRL levels are 
above the normal reference value (usually 20–25 ng/ml in 
females, 15–20 ng/ml in males) [4]. The stress of venipunc-
ture can increase PRL secretion, frequently at levels slightly 
above the normal value. When blood collection is performed 
after rest, about 30% of asymptomatic individuals with mild 
hyperprolactinemia present with normal hormonal levels [5]. 
Nevertheless, rest for blood withdrawal is not routinely 
recommended.

Serum PRL evaluation should be performed only when 
clinically indicated [1].

 Differential Diagnosis

After confirming the diagnosis of hyperprolactinemia, the 
following etiologies should be evaluated [6]:

• Physiological: pregnancy and lactation and mammary 
stimulation.

• Pharmacologic: neuroleptic and antipsychotic medica-
tions (sulpiride, chlorpromazine, risperidone, haloperi-
dol), antidepressants, opioids, cocaine, antihypertensive 
medications (verapamil, methyldopa), drugs that act in 
the gastrointestinal tract (metoclopramide, domperidone), 
protease inhibitors for AIDS treatment, and the use of 
estrogens.

• Associated with systemic diseases: kidney and liver 
failure.
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• Associated with endocrinological diseases: primary 
hypothyroidism, polycystic ovarian syndrome (PCOS), 
and Addison’s and Cushing’s diseases.

• Other tumors of the hypothalamic-pituitary region or 
infectious/infiltrative disorders compromising the pitu-
itary stalk [7], as pituitary nonfunctioning macroadeno-
mas, craniopharyngiomas, metastasis, lymphocytic 
hypophysitis, sarcoidosis, and tuberculosis; in addition 
post-surgery or radiotherapy status can also lead to 
hyperprolactinemia.

• Intercostal nerves stimulation.
• Autonomous PRL secretion by pituitary adenomas: pro-

lactinomas, mixed PRL and GH secretion tumors.
• Macroprolactinemia.
• Mutant prolactin receptor.
• Idiopathic.

In pharmacological hyperprolactinemia, a new serum 
PRL evaluation should be performed after 3 days of with-
drawal of the suspected drug, if possible. Otherwise, the 
patient should undergo magnetic resonance imaging (MRI) 
of the pituitary to rule out pathological causes [8].

In primary hypothyroidism, increasing PRL secretion is 
attributed to TRH, and serum PRL levels should decrease 
and become normal after appropriate levotiroxine replace-
ment [9].

Regarding polycystic ovarian syndrome (PCOS), more 
recent studies did not confirm any pathophysiological rela-
tionship with hyperprolactinemia, and the coexistence of 
these two conditions could just be a random association [10]. 
Therefore, in patients who remain with irregular menses 
after reaching normal serum PRL levels, it is important to 
exclude other causes for the symptoms, such as PCOS.

Mammary stimulation in nonpregnant women, as chest 
wall disturbances (herpes zoster, mechanical or chemical 
trauma), can lead to increased levels of PRL due to neurogenic 
reflex [11]. Breast clinical examination, mammography, and 
ultrasound have minimal effect on serum PRL levels [12].

Macroprolactinemia is characterized by the predomi-
nance of the PRL isoform big-big-PRL (macroprolactin), 
which occurs in about 25% of hyperprolactinemic individu-
als. According to its molecular weight, PRL is classified as 
monomeric, dimeric, and macroprolactin. Monomeric PRL 
corresponds to more than 50% of total circulating PRL, and 
it is considered the biological active isoform, while macrop-
rolactin has low biological activity [13]. In an individual 
with macroprolactinemia and normal serum concentrations 
of monomeric PRL, symptoms related to hyperprolactinemia 
are not expected [14, 15]. Macroprolactinemia is an impor-
tant cause of dissociation between clinical and laboratory 
findings, and its screening should be performed in asymp-
tomatic hyperprolactinemic individuals in which the request 
for the initial PRL evaluation is debatable. However, symp-
tomatic hyperprolactinemia can occur in macroprolactin-
emic patients when monomeric isoform is also elevated [15].

Dealing with a patient with symptomatic hyperprolac-
tinemia, when pregnancy, use of medications that may cause 
hyperprolactinemia, kidney failure, liver failure, and hypo-
thyroidism are excluded, sellar MRI should be performed in 
order to identify a pituitary tumor with autonomous PRL 
secretion (prolactinoma), or other tumors of the sellar 
region, as well as infiltrative or infectious diseases, are the 
cause of hyperprolactinemia by pituitary stalk disconnec-
tion. Serum PRL is usually proportional to the tumor size in 
prolactinomas: in microprolactinomas, serum PRL levels up 
to 200  ng/ml are expected, while in macroprolactinomas, 
frequently values above these levels are found [16]. 
Karavitaki et al. [17] evaluated serum PRL levels in patients 
with pituitary nonfunctioning tumors with pituitary stalk 
disconnection, and in 98.7% of the cases, levels were lower 
than 95 ng/ml. Therefore, in hyperprolactinemia due to dis-
connection, serum PRL does not exceed 100  ng/ml, with 
few exceptions. The differentiation between a hyperprolac-
tinemia due to disconnection and prolactinomas is essential, 
especially in the presence of mass effect, in order to indicate 
proper therapy.

A heterozygous mutation in prolactin receptor gene was 
described in three sisters, two of whom presented with oligo-
menorrhea and one with infertility. The amino acid substitu-
tion leads to loss of function and prolactin insensitivity [18]. 
When all the abovementioned causes were ruled out and sel-
lar MRI is normal, diagnosis of idiopathic hyperprolac-
tinemia is made, albeit the presence of microadenomas not 
detectable in the image cannot be excluded [6].

 Current Therapies and Future Perspectives

Treatment goals include restoration of eugonadism and reso-
lution of galactorrhea. In the presence of macroadenoma, 
treatment also aims to reduce its size and preserve, or even 
restore, pituitary function when impaired. The therapeutic 
modalities available for prolactinomas are medical, surgical, 
irradiation, and their associations.

 Medical Treatment

Dopamine agonists (DA) are the gold standard for the treat-
ment of prolactinomas being most represented by bromocrip-
tine (BRC) and cabergoline (CAB). This class of drugs 
promotes PRL gene transcription inhibition, PRL secretion 
decrease, as well as reduction of prolactinoma dimensions 
[1]. CAB became the drug of choice due to its better toler-
ance and efficacy, explained by the high affinity and specific-
ity to dopamine receptor subtype 2 [1]. The initial dose of 
CAB usually is one tablet (0.5 mg) twice per week, after din-
ner, and the titration is carried out according to the decrease 
of PRL levels and tumor dimensions [19]. CAB leads to nor-
mal serum PRL levels in over 85% of patients and tumor 
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reduction by more than 80% of them, while BRC promotes 
normal serum PRL levels in 80% and reduction of tumor 
dimensions in 70% of cases [20].

The most common DA side effects are nausea, vomiting, 
and postural hypotension and rarely nasal congestion, 
cramps, and psychiatric disorders [21]. CAB, in higher 
doses, was related to valvulopathy in patients with 
Parkinson’s disease, usually older patients with other comor-
bidities that could contribute to increase the risk of heart 
valve disease. CAB, not BRC, has an agonist activity at 
 serotonin receptor 5HT2B, which can promote fibroblast 
proliferation and valvular insufficiency, especially in tricus-
pid and pulmonary valves. However, valvulopathy due to 
CAB treatment for hyperprolactinemia is still controversial. 
Among 17 studies published about this issue [22–33], only 
one showed an association between CAB’s use and the pres-
ence of moderate tricuspid insufficiency [24]. Moreover, in 
other four [23, 26, 29, 32] there was a higher prevalence of 
valvular regurgitation, especially in the tricuspid valve, with-
out clinical repercussion. In two studies, valve structure 
changes were described, with a greater risk of fibrosis [31] 
and calcification [32] compared to the control group. 
Nonetheless, in our opinion individualized monitoring with 
echocardiography is desirable until more consistent data 
will be available. Recent data pointed to remission of hyper-
prolactinemia after withdrawal of the drug in a substantial 
number of patients. Passos et al. [34] pointed to normopro-
lactinemia after BRC withdrawal in 20.6% of patients 
(25.8% in microprolactinomas and 15.9% in macroprolacti-
nomas) after drug use for a median time of 44 months. Even 
higher remission ratios were observed by Colao et al. [35] 
using CAB for a median time of 40 months (69% in microp-
rolactinomas and 64% in macroprolactinomas). 
Notwithstanding, Dekkers et al. [36], in a recent meta-analy-
sis of 19 studies about DA withdraw, showed that the mean 
number of patients in remission was 21% with a higher non-
significant tendency toward CAB (35%) compared to BRC 
(20%). Two other meta-analysis published in 2015 [37] and 
2018 [38], including 637 and 1106 patients on DA, showed 
remission rates of 35% and 36.6%. Lenght of treatment, 
tumor reduction, normoprolactinemia and low dose of CAB 
at withdrawal were factors associated with remission. 
Although the guideline of Endocrine Society [21] suggests 
that DA suspension should be performed gradually, in 
patients treated for at least 2  years, we suggest that the 
removal of DA should be individualized. In the last few 
years, impulse control disturbance were reported from 8 to 
61% in patients harboring prolactinomas on CAB, especially 
hypersexuality. These symptoms should be actively investi-
gated in the medical interview [39].

In patients with drug-related hyperprolactinemia when 
drug cannot be discontinued and in patients with idiopathic 
hyperprolactinemia or microprolactinomas without desire of 
fertility (particularly with resistance or intolerance to DA), 
hormonal replacement can be indicated [19].

 Surgical Treatment

Considered secondary in the therapeutic algorithm of prolac-
tinomas, the indications for surgery include patient’s desire in 
non-invasive microprolactinomas, DA resistance/persistent 
intolerance, absence of visual impairment reversal in a short 
period of DA use, symptomatic apoplexy, cerebrospinal fluid 
leakage, and/or visual compromise due to tumor shrinkage 
with chiasma retraction with DA treatment. Surgery is usu-
ally performed through microscopic or endoscopic transsphe-
noidal route, and their results depend on neurosurgeon’s 
experience and skillness, on serum PRL levels, and on tumor’s 
size and the invasiveness. Gillam et al. [40] reviewing 50 sur-
gical series showed remission in 74.7% of microprolactino-
mas and in 33.9% of macroprolactinomas. Of note, the 
recurrence rate in this same analysis was 18.2 and 22.8%, for 
microprolactinomas and macroprolactinomas, respectively.

 Radiotherapy

Prolactinomas are among the most radioresistant pituitary 
adenomas, and therefore radiotherapy is limited to aggres-
sive tumors resistant to usual treatments. Gillam et al. [40] 
reviewing published data show that the normalization aver-
age of PRL levels was similar with radiotherapy by conven-
tional technique (34.1%) or by stereotactic (31.4%) approach. 
Side effects include optic tract damage, 50% risk of hypopi-
tuitarism in 10–20 years, neuropsychological disturbances, 
development of secondary tumors, and stroke.

 Fertility and Pregnancy

Treatment with DA restores fertility in most cases. In the 
absence of response to drug treatment, and in cases of micro-
prolactinomas or intrasellar macroprolactinomas, ovulation 
induction with clomiphene citrate or recombinant gonado-
tropins may be used [41].

The risk of tumor growth with clinical consequences during 
pregnancy is up to 5% in microprolactinomas, making DA with-
drawn upon confirmation of pregnancy a safe procedure. 
Clinical follow-up should be done in each pregnancy trimester, 
a systematic assay of PRL not being indicated. In the presence 
of significant headache or visual complaints confirmed by a 
neurophthalmologic evaluation, sellar MRI without contrast is 
indicated, preferably after the first trimester. If a significant 
tumor growth is detected, DA should be reintroduced. In patients 
with macroadenomas, however, the risk of clinical significant 
tumor growth with is higher: 15–35%. Therefore, in patients 
with expansive macroprolactinomas, tumor reduction within the 
sellar boundaries preferable for at least 1 year of treatment with 
DA, before allowing pregnancy, is highly desirable. In cases of 
no tumor shrinkage, surgical treatment is indicated. The mainte-
nance of DA throughout pregnancy is up to the specialist discre-
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tion. Neurophthalmological evaluation should be performed 
periodically. Reintroduction of the drug is indicated when tumor 
growth occurs. If this is not effective, surgical treatment should 
be performed, preferably in the second trimester [42].   A multi-
centric Brazilian study including 233 pregnancies induced by 
CAB confirmed previous results of safety in materna and fetal 
outcomes in CAB-induced pregnancies. Although CAB main-
tenance after pregnancy comfirmation was associated with 
higher miscarriage rates [43]. In men, in addition to sexual dys-
function, hypogonadism related to hyperprolactinemia can pro-
mote changes in sperm quality, mainly asthenospermia [44]. In 
men with prolactinoma on DA with persistent hypogonadism, 
with or without normalization of serum PRL, the use of clomi-
phene citrate has been proven useful in the recovery of the 
gonadotropic axis. This approach has advantages over testoster-
one replacement by restoring fertility [45].

 Addressing Prolactinomas Resistant and/or 
Aggressive

Aggressive pituitary tumors are defined by the presence of 
extensive expansion or invasiveness of neighboring structures, 
rapid tumor growth or recurrence, or the presence of giant 
tumor, with more than 4 cm in diameter. Diagnosis of pituitary 
carcinoma is performed only in the presence of metastases. 
They are extremely rare, being PRL secretion tumors the most 
prevalent. Aggressive prolactinomas are more common in 
young male patients. The prevalence of prolactinomas resis-

tant to DA is approximately 10% of microprolactinomas and 
18% of macroprolactinomas [1]. Reduction of dopaminergic 
D2 receptors is its principal mechanism [46].

The initial strategy to treat patients partially resistant to 
DA is the stepwise increase dose. Ono et al. [25] achieved 
normalization of PRL levels in 96.2% of patients with dose 
up to 12 mg per week of CAB, an exceeding elevated dose. 
For agressive/invasive prolactinomas, temozolomide can be 
used, with or without radiotheraphy, with tumor control in 
about 60% of cases. Nevertheless, lenght of treatment in 
responsive cases and failure in second attempt are important 
questions related to this chemotherapy [47]. Two cases of 
resistant prolactinomas were sucessfully treated with 
Pasireotide [48]. Lapatinibe were used in four agressive/
invasive prolactinomas, with tumor control in thee [49]. 
Other therapies as estrogen pathway modulators and mTOR/
akt inhibitors may be promissing therapies [50].

Surgical treatment, even non-curative, may be effective in 
obtaining normoprolactinemia in patients partially resistant 
to DA, who may subsequently respond to cabergoline rein-
troduction [51, 52].

 Summary: Diagnosis and Treatment

Hyperprolactinemia is a major cause of hypogonadism and 
infertility, especially among young women. Proper diag-
nostic of its cause is essential for appropriate treatment 
indication. Figure 5.1 summarizes the steps for diagnosis in 

Hyperprolactinemia
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Fig. 5.1 Diagnosis of hyperprolactinemia algorithm
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an algorithm. In idiopathic hyperprolactinemia and prolac-
tinomas, the treatment of choice is the use of DA. Surgical 
treatment and radiation are options for cases of resistance 
or intolerance to DA. Figure 5.2 depicted sellar MRI of a 
patient with macroprolactinoma in whom surgery was indi-
cated. The algorithm suggested for the treatment is in 
Fig. 5.3.

A sellar MRI was performed in a 11-year-old male patient 
complaining of headache, and a sellar mass was depicted 

(Fig. 5.2a). Serum PRL level was 1130 ng/ml. The patient also 
had pubertal impairment development. Neurophthalmologic 
evaluation was normal. After 4 years of treatment with BRC, 
there was tumoral reduction without normalization of serum 
PRL levels. In our department, BRC was substituted for CAB, 
and dosage was gradually augmented until 3.5  mg a week. 
After 1 year of treatment with CAB, serum PRL levels were 
normal, and an additional tumoral reduction occurred 
(Fig. 5.2b).

a

b

Fig. 5.2 (a) Before treatment. Sellar T1-weighted MRI after gadolin-
ium enhancement, coronal (left) and sagittal (right) depicted a sellar 
mass impinging optic chiasma. (b) After 1  year of treatment with 

CAB. Sellar T1-weighted MRI after gadolinium enhancement, coronal 
(left) and sagittal (right) depicted an important reduction of tumor 
dimensions, with optic chiasma free of compression
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Acromegaly
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 Epidemiology

Acromegaly is a rare, progressive, and chronic disease with 
high morbidity [1]. It increases all-cause mortality compared 
with the general population. In Europe, acromegaly has an 
estimated prevalence of 30 to 70 individuals per million. The 
disease affects patients between the fourth and fifth decades 
of life, with a 1:1 ratio between men and women [2, 3]. When 
it begins before closure of the epiphyses, acromegaly is 
known as gigantism.

 Etiology

Most cases of acromegaly (98%) are the result of hyperse-
cretion of growth hormone by the pituitary gland. Also 
known as somatotropinomas, GH-producing adenomas are 
benign tumors, mostly macroadenomas (tumors larger than 
1 cm). The disease may occur in the presence of a familial 
factor or may be associated with other endocrine abnormali-
ties, such as multiple neuroendocrine neoplasia (MEN) types 
1 and 4, McCune-Albright syndrome, Carney complex, and 
familial isolated pituitary adenoma (FIPA). In addition, ecto-
pic tumors producing GH and GNRH may manifest them-
selves as acromegaly [2, 4–6]. Table  6.1 shows the main 
characteristics of these syndromes. The genesis of the pitu-
itary tumor is complex and involves several abnormalities in 
the expression of growth factor and the regulation of cell 
cycle control. Several mutations have been described. 
Mutations in the somatic activation of the G alpha (Gs) pro-

tein subunit are found in up to 40% of GH secretory tumors. 
These cases are more sensitive to treatment with somatosta-
tin analogues. Patients expressing the pituitary tumor trans-
forming gene (PTTG) are more likely to have tumor invasion 
[2, 4].

 Pathophysiology

Approximately 95% of cases of acromegaly are due to a pitu-
itary tumor producing GH. GH is produced by somatotropic 
cells stimulating the action of hypothalamic GHRH and acts 
on hepatocytes stimulating the production of IGF-1. This 
accounts for the typical clinical manifestations of acromeg-
aly. IGF-1, along with steroids and paracrine growth factors, 
induces a negative feedback on GH release. GH is also sup-
pressed by somatostatin signaling, primarily through the 
somatostatin receptor (SST) subtype. In rare cases (less than 
5%), a hypothalamic or neuroendocrine tumor may release 
excess GHRH, stimulating the somatotropic cells of the pitu-
itary gland to produce and release GH [2, 5].
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Table 6.1 Causes of acromegaly

Family 
syndrome Gene Clinical features
MEN type 1 MEN1 (menin) 

11q13 e 
CDKN1B

Pituitary adenoma associated with 
parathyroid adenomas and pancreatic 
neuroendocrine tumors

MEN type 4 Mutation 
CDKNB1

Similar to MEN1

McCune- 
Albright 
syndrome

GNAS 20 q13 Precocious puberty, thyrotoxicosis 
and Cushing’s syndrome
Polyostotic fibrous dysplasia and 
café au lait skin lesions

Carney’s 
complex

PRKAR1A 
17q22–24

Associated with thyroid nodules, 
myxomas, cutaneous pigmentation, 
and gonadal tumors

FIPA AIP at 20%, 
but unknown in 
most cases

Patients younger than 40 years. They 
present macroadenomas with 
extrassellar extension. Less 
frequently controlled by surgery or 
somatostatin analogues
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 Clinical Features

The clinical presentation of acromegaly is insidious, starting 
around 4–10 years before the diagnosis of the disease [1]. 
The systemic complications include cardiovascular disease, 
sleep apnea, metabolic disorders, and colon neoplasia 
(Table 6.2). The patient may present with prognathism, fron-
tal protrusion, thickening and increased oiliness of the skin, 
and cutaneous porosity. Some of these characteristics consti-
tute acromegalic facies as shown in Figs. 6.1 and 6.2. These 
features occur slowly and progressively and are better identi-
fied through the analysis of photographs over time [1, 7].

 Cardiovascular System

Hypertension occurs in more than 40% of patients and is 
usually mild and controlled with the usual antihypertensive 
agents. Cardiac involvement is the major cause of mortality 
in patients with acromegaly. Cardiomyopathy is present in 
most patients [8]. Myocardial hypertrophy is biventricular 
and concentric, compromising mainly the left ventricle. 
Morphologic changes can lead to arrhythmias, hyperkinesia, 
increased heart rate, systolic and diastolic dysfunction, and, 
ultimately, heart failure [2]. In advanced stages, the aortic 
and mitral valves are also affected. Coronary heart disease 
occurs mainly due to associated factors such as hypertension 
and glucose intolerance [1, 2, 5, 7].

 Endocrine and Metabolic Features

Diabetes is more frequent in acromegalic patients than in the 
general population and is also responsible for the increased 
mortality. Increased GH levels result in peripheral insulin 
resistance, hyperinsulinemia, and decreased peripheral 

Table 6.2 Clinical features of the acromegaly

Cutaneous

Oily skin
Hyperhidrosis
Acanthosis nigricans

Musculoskeletal Prognathism, frontal protrusion
Arthralgia, osteoarthritis
Myopathy, chronic pain
Vertebral fractures

Cardiovascular Arterial hypertension
Cardiomyopathy
Left ventricular hypertrophy
Arrhythmias
Cardiac failure

Metabolic Diabetes mellitus
Glucose intolerance

Gastrointestinal Colonic polyposis
Dental changes (malocclusion of the jaw)

Respiratory Sleep apnea
Macroglossia
Upper airway obstruction

Visceromegalias Cardiomegaly
Hepatomegaly
Splenomegaly

Neurologic Carpal tunnel syndrome
Brain arteries aneurism
Headache

Others Decrease in quality of life

Fig. 6.1 Acromegalic hands

Fig. 6.2 Acromegalic face due to soft tissue thickening
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glucose uptake. The prevalence of diabetes in patients with 
acromegaly is reported to be 52% in some studies [9].

Hypogonadism is present in approximately 50% of 
patients and can occur in cases of hypopituitarism or hyper-
prolactinemia. Hypopituitarism is found in up to 40% of 
cases, due to compression of the pituitary gland or destruc-
tion of the pituitary tissue. Hyperprolactinemia should be 
investigated as a cause of hypogonadism [8].

 Musculoskeletal Features

Arthropathy affects approximately 75% of patients and is the 
main cause of morbidity in acromegaly. The condition affects 
both large and small joints, as well as the vertebrae. Joint 
changes may be irreversible, depending on the duration of 
the disease [8]. Carpal tunnel syndrome is also present. 
Patients present with chronic pain, which impairs their qual-
ity of life. Miller et al. evaluated 58 acromegalic patients for 
musculoskeletal complaints: 90% reported musculoskeletal 
pain, 84% had hip osteoarthritis, and 34% presented with 
osteoarthritis of the knees [10]. The bone quality is decreased 
despite the preserved density. There may be vertebral frac-
tures, usually related to the male sex, hypogonadism, and 
acromegalic disease activity [11]. There is trabecular bone 
loss with related preservation of cortical bone. The hands 
and feet become enlarged due to soft tissue thickening.

 Neoplastic Features

Colonic polyps may occur. These are associated with an 
increased risk of colorectal cancer.

 Respiratory System

Sleep apnea is an underestimated condition and may be pres-
ent in up to 70% of patients. It results from the growth of the 
soft tissues adjacent to the airways, causing obstruction [2]. 
This condition is one of the causes of a worsening of hyper-
tension and requires careful evaluation. Apnea may not 
resolve consistently, even with the proper treatment of the 
acromegaly, and it requires evaluation by a maxillofacial sur-
geon and sleep specialists [8]. Macroglossia contributes to 
upper airway obstruction and may hinder intubation during a 
surgical procedure [2].

 Diagnosis

The serum levels of IGF-1 and GH are persistently high in 
acromegaly. Serum IGF-1 measurement is the initial test indi-
cated in all patients with suspected clinical features [1, 2, 5]. 

Patients with various comorbidities, such as sleep apnea, type 
2 diabetes mellitus, debilitating arthritis, carpal tunnel syn-
drome, hyperhidrosis, and hypertension, even without typical 
acromegaly characteristics, should undergo IGF-1 measure-
ment. Basal GH measurement should not be done routinely 
because of its pulsatility. In such cases, the GH level should be 
evaluated by carrying out an oral glucose tolerance test. This is 
the gold standard for the diagnosis of acromegaly because it 
shows the absence of normal suppression of the serum GH 
concentration during hyperglycemia. During this test, 75  g 
dextrose is given to the patient, and the GH level is measured 
at 30, 60, 90, and 120  minutes. Values above 0.4 μg/L (or 
ng/mL) confirm the diagnosis. A random GH concentration 
lower than 0.4 μg/L associated with a normal IGF-1 level rules 
out the diagnosis of acromegaly (Table 6.3) [1, 2, 5].

Plasma testosterone measurement is required for hypogo-
nadism assessment. Patients may have low levels of the sex 
hormone-binding globulin, making biochemical diagnosis 
difficult [8].

Pituitary hormone deficiencies may occur because most 
patients present with large tumors, leading to panhypopitu-
itarism. Gadolinium-enhanced magnetic resonance imaging 
is used to evaluate tumor extension.

Screening of diseases associated with acromegaly is 
important and must be done conform to Table 6.4.

 Treatment

 Transsphenoidal Surgery

Transsphenoidal surgery (TS) is the first-line treatment for 
control of GH and IGF-1 hypersecretion. The success of this 
procedure depends on the tumor size, preoperative hormone 
levels, resection of tumor pseudocapsule, the surgeon’s 
experience, and cavernous sinus invasion [5, 12–14]. Invasive 
pituitary macroadenomas have a remission rate of less than 
50%, whereas the cure rate of patients with noninvasive 
microadenomas is around 80% [13]. A recent meta-analysis 
found a remission rate of 74.2% in noninvasive microadeno-
mas, 76.4% in noninvasive macroadenomas, and only 47.6% 
in invasive macroadenomas [15].

Table 6.3 Diagnosis of the acromegaly

Test Comments, interpretations
Serum IGF-1 High values according to age group
Basal GH GH basal ≥0,4 μg/L

GH > 5 μg/L in men and GH > 10 μg/L in 
women, the presence of characteristic 
clinical features confirms acromegaly 
without the need to perform OGTT

Measurement of GH 
after 75 g oral glucose 
tolerance test

GH > 0.4 μg/L associated with a high 
IGF-1, confirms the diagnosis
The Endocrine Society recommends the 
cut-off point >1.0 μg/l

6 Acromegaly
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The AACE recommends carrying out the OGTT and 
IGF-1 measurement 12 weeks or more after TS to verify the 
residual disease [12]. The Endocrine Society recommends 
the measurement of random GH and IGF-1 levels over the 
same period, with the patient subjected to OGTT if the ran-
dom GH concentration is >1 ng/mL.

The potential complications of TS are epistaxis, sinusitis, 
nasal congestion, and gustatory and olfactory changes [5, 12].

 Medical Treatment

 Somatostatin Analogues
Somatostatin analogues are indicated after surgical failure 
when there are significant or moderate comorbidities to 
severe signs and symptoms of excess GH (Table 6.5) [5, 12]. 
These inhibit GH secretion by binding to somatostatin recep-
tors in various tissues [12, 16] and are able to normalize 
IGF-1 levels in up to 70% of cases, decreasing the tumor size 
[12]. They are approved by the FDA as fast- and slow-release 
octreotide and as slow-release lanreotide and pasireotide [12, 
16]. More than 50% of patients do not achieve biochemical 
control by using somatostatin analogues alone, thus requir-

ing combination therapy [12]. They are also useful in the pre-
operative management of tumors that are large and not 
completely resectable, toward decreasing the tumor size [5, 
12, 17]. The main side effects of this class of drugs are injec-
tion site discomfort, abdominal pain, nausea, vomiting, and 
diarrhea [5, 12]. First-generation drugs may cause biliary 
lithiasis, and second-generation ones may cause glucose tol-
erance and diabetes mellitus [13].

 Dopaminergic Agonists
Dopaminergic agonists bind to dopamine-2 receptors on 
pituitary somatotrophic cells, decreasing the secretion of GH 
and, consequently, IGF-1 [12]. They can be used before clin-
ical therapy in the case of disease in moderate activity, pre-
senting IGF-1 and GH at modest levels [5, 12, 13]. The most 
commonly used drug in this group is cabergoline because it 
offers greater biochemical control and fewer side effects [5, 
12]. Despite being an off-label treatment for acromegaly 
[18], this drug decreases GH levels by 50% and/or IGF-1 
concentrations and the tumor size by 33% on average. 
Bromocriptine, another member of this class of drugs, is 
rarely used because it achieves poor disease control even 
when used in high doses and has many side effects. These 
drugs fail more than somatostatin analogues to achieve bio-
chemical control of the disease [12], and successful treat-
ment with dopaminergic agonists depends on the baseline 
IGF-1 levels, treatment duration, basal prolactin level, and, 
less importantly, cabergoline dose [13]. The main side effects 
of this class of drugs are gastrointestinal intolerance, head-
aches, and hypotension [5, 12]. The development of cardiac 
valve disease secondary to high doses of cabergoline in acro-
megalics is a controversial issue, but this has been proven in 
patients with Parkinson’s disease [12, 13, 18].

 GH Receptor Antagonists
Pegvisomant decreases IGF-1 levels by blocking the tissue 
effects of excess GH. It is indicated for patients who present 
little response to TS, radiotherapy (RT), and clinical treat-
ment [5, 12], as well as those with moderate to severe signs 
and symptoms due to hypersecretion of GH [5]. The use of 
this drug leads to normalization of IGF-1 levels in 76–97% 
of cases [12], with no significant differences between mono-
therapy or combined therapy [12, 19]. Better disease control 
is achieved in those with lower basal GH and IGF-1 levels. 
Obesity and IGF-1 > 2.7 x upper limit of normality are con-
ditions predictive of resistance to pegvisomant [19]. 
Successful treatment and dose titration of this drug should be 
assessed by decreasing the IGF-1 levels [12]. Because pitu-
itary adenoma is not the target of this therapy, the tumor size 
should be monitored frequently given that such tumors usu-
ally grow during pegvisomant monotherapy, even though it 
is not clinically significant [5, 12]. The main side effect of 
the drug is the transient elevation of liver function tests in 5% 
of cases [5, 12].

Table 6.4 Screening of diseases associated with acromegaly

Additional tests Frequency Comorbidity assessed
Colonoscopy Should be 

performed every 
5 years in patients 
with polyps

Intestinal polyposis 
and colorectal 
carcinoma

Thyroid USG Annually Nodules and/or 
thyroid neoplasia

Spine radiography Annually Evaluation of fractures 
and morphometric 
fractures

Echocardiogram and 
electrocardiogram

Annually Cardiac abnormalities

Fasting plasma 
glucose and HbA1c

Every 6 months Diabetes mellitus

Total serum 
testosterone

Annually Hypogonadism

Serum cortisol, FT4, 
prolactin

Annually Evaluate pituitary 
function

Table 6.5 Somatostatin analogs

Somatostatin 
analogs Dosing forms

Drug’s generation and 
affinity receptors

Octreotide 100–200 mcg, SQ, 
8–12 h

1a generation
SST2 e SST5 receptors

Octreotide LAR 10, 20, or 30 mg, IM, 
monthly

1a generation
SST2 e SST5 receptors

Sustained-release 
lanreotide

30 mg, IM, each 
10–14 days

1a generation
SST2 e SST5 receptors

Sustained-release 
lanreotide

60, 90, or 120 mg, 
SQ, each 28 days

1a generation
SST2 e SST5 receptors

Sustained-release 
pasireotide

40 or 60 mg, IM, each 
28 days

2a generation
SST1, SST2, SST3, 
SST5 receptors
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 Combination Therapy
Among the available options, cabergoline in combination 
with somatostatin analogues decreases IGF-1 levels by 42% 
compared with monotherapy with such analogues [12]; this 
treatment decreases IGF-1 concentrations in 40–50% of cases 
[18]. Cabergoline and pegvisomant at 10  mg/day decrease 
IGF-1 levels by 68% [12, 13]; such combination allows the 
use of a low dose of this GH receptor antagonist [18]. Another 
effective therapeutic combination is the use of somatostatin 
analogues with a low dose of pegvisomant, which decreases 
IGF-1 levels by 95% [12]. Pegvisomant monotherapy, when 
used in patients with a low response to somatostatin ana-
logues or in combination therapy, represents the best option 
for disease control, especially in long-term treatment [12].

 Radiotherapy

Radiotherapy can be done by using the conventional frac-
tional form or by stereotactic radiosurgery (SR) [5, 12]. 
Fractionated conventional radiotherapy presents a variable 
time for clinical response, which can occur in up to 10 years 
[12], requiring combination with other therapeutic modalities 
until its full effect is achieved [13]. In addition, a second brain 
tumor can occur as a result of radiotherapy, such as meningi-
oma and glioma. On the other hand, there is also an increased 
risk of hypopituitarism [12]. Stereotactic radiosurgery can be 
carried out as Gamma Knife surgery or CyberKnife therapy. 
Gamma Knife surgery provides biochemical remission with a 
lower risk of hypopituitarism. CyberKnife therapy, which is 
no less effective than Gamma Knife surgery, uses a linear 
accelerator that applies high- energy protons [5, 12]. SR is 
indicated more than conventional radiotherapy, except when 
the residual lesion is large after TS or is very close to the optic 
chiasm, making it impossible to use radiation greater than 
8  Gy [5]. Although the remission rate after use of SR is 
10–60% in 15 years, this modality of RT still presents shorter 
remission and treatment periods compared with the conven-
tional one. Annual screening of IGF-1, GH, and hypopituita-
rism is required after RT [5].

 Treatment in Pregnancy

Pregnancy rarely occurs in active acromegaly. In the gesta-
tional period, nonuse of drugs is advisable, unless such use is 
necessary to control the tumor size or headaches, in which 
case cabergoline, which presents no risk to the fetus, should 
be used. During pregnancy, the visual field in patients with 
macroadenomas should be serially monitored because there 
may be an increased tumor volume. GH and IGF-1 assays 
during gestation are not necessary because the serum levels 
are increased due to the increase in placental GH. The assays 
do not distinguish between placental and pituitary GH [5].

 Pasireotide LAR

This drug is more effective than octreotide LAR in virgin 
treatment, indicating greater biochemical control of the dis-
ease (suppression of GH and IGF-1 for up to 25 months). Its 
main adverse effect is hyperglycemia, which is greater than 
that caused by octreotide LAR (28.7% vs 8.3%) [12].

 Somatoprim

This new somatostatin analogue binds to the SST2, SST4, 
and SST5 receptors in the pituitary somatotrophic cells, 
decreasing GH secretion in  vitro and in nonresponders to 
octreotide [12].

 Subcutaneous Octreotide

This subcutaneous option requires only small volumes and 
promotes the prolonged release of octreotide [12]. However, 
further studies are needed to investigate this treatment 
alternative.

 Oral Octreotide

Despite their convenient route of administration, emulsion- 
based systems have not yet been proven to be effective in 
decreasing GH and IGF-1 levels. The conventional options 
are thus still preferred [12].

 Temozolomide

This alkylating chemotherapeutic analogue for aggressive 
pituitary tumors has no defined role in the treatment of acro-
megaly but may have some benefit in decreasing GH and 
IGF-1 levels [12].
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Hypopituitarism

Manuel Faria, Gilvan Cortês Nascimento, André M. Faria, 
and Manoel R. A. Martins

Hypopituitarism is a complex medical condition with vari-
able clinical manifestations associated with significant mor-
bidity and mortality. The term describes the deficiency of 
one or more of the hormones of the anterior or posterior pitu-
itary gland. The majority of patients with hypopituitarism 
have three to five hormone deficits.

Hypopituitarism affects approximately 4 out of every 
100,000 individuals each year [1] with a prevalence of 
approximately 45 cases per 100,000 individuals. The causes, 
clinical features, diagnosis, management of hypopituitarism 
(including endocrine replacement therapy), interaction of 
hormone replacement, and long-term management are con-
sidered in this chapter.

 Causes

There are numerous causes of hypopituitarism (Tables 7.1 
and 7.2). In a Spanish study comprising two cross-sectional 
surveys, the causes of hypopituitarism included pituitary 
tumor (61%), non-pituitary tumor (9%), and nontumor cause 
(30%) [1].

Traumatic brain injury (TBI) has been described to be one 
of the most common causes of hypopituitarism, with some 
series reporting a prevalence of chronic dysfunction in more 
than 25% of patients [2]. However, most clinicians dealing 
with neuroendocrine diseases and TBI generally do not see 
such a high incidence of hypopituitarism in this population. 

This disproportion is not clearly explained, but recent data 
indicate that diagnostic testing, which is designed for high- 
risk populations and not for a cohort of patients with, for 
example, de novo isolated GH deficiency (the predominant 
finding in TBI), might have overestimated the true risk and 
disease burden of hypopituitarism. There is also large vari-
ability among studies conducted on hypopituitarism after TBI 
regarding the use of different hormone assays, test panels, 
and cut-off limits, which represents obvious sources of varia-
tion in the reported prevalence of the condition. In conclu-
sion, causality between TBI and hypopituitarism remains to 
be demonstrated with more robust, better designed trials that 
should include confirmatory testing of all test findings of hor-
mone insufficiency. Whether hormonal replacement therapy 
could result in relevant clinical benefit in cases of mild defi-
ciencies in this specific population also needs to be proven.

The etiologic factors are determinants in the clinical pre-
sentation of this condition. For instance, pituitary apoplexy 
constitutes a medical emergency with the possibility of acute 
adrenal crisis and sudden loss of vision. On the other hand, 
functioning pituitary adenomas lead to a clinical picture that 
predominates the stigmata of the corresponding hormonal 
hypersecretion. Signs and symptoms related to local mass 
effect, including associated secondary hypothyroidism and 
hypocortisolism, may occur as a nonspecific presentation 
and remain unrecognizable for a long period of time.

 Diagnosis

 Clinical Presentation

The clinical presentation of hypopituitarism is often vague 
and nonspecific, leading to a further delay in diagnosis. 
Nonspecific symptoms include a feeling of general poor 
health, increased lethargy, feeling cool, chronic tiredness, 
reduced appetite, weight loss, and abdominal pain [3, 4]. 
Hypopituitarism can sometimes develop acutely, leading to a 
rapid onset of symptoms (excruciating headache, menin-
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gism, and cardiovascular collapse) necessitating admission 
and intensive care management, as is often seen in patients 
with tumor apoplexy.

The signs and symptoms of underlying diseases can 
sometimes follow hypopituitarism [4]. Symptoms attributed 
to the local effects of tumoral masses in the sellar region with 
suprasellar extension, such as headaches, rhinorrhea, and 
visual disturbances (typically bilateral hemianopsia, but can 
also occur as unilateral), frequently remain unrecognized by 
patients, mostly men, for a long period of time.

Deficits of anterior pituitary hormones may be secondary 
to hormone excess caused by functioning pituitary tumors, 
which produces a complex picture combining hormone 
excess and deficiencies, such as suppression of gonadotro-
pins in hyperprolactinemia, growth hormone deficiency 
(GHD) caused by cortisol excess in Cushing’s syndrome [5] 
or growth hormone (GH)-secreting macroadenoma that 
causes acromegaly and hypogonadism [6]. In patients with 

coexisting pituitary hormone abnormalities, the symptoms 
of hormone deficiencies may be much less obvious than in 
the isolated conditions themselves. As an example, hot 
flashes due to hypogonadism may mask the cold intolerance 
of hypothyroidism. The coexistence of hypothyroidism and 
hypocortisolism may result in anorexia and weight loss, 
while acromegalic patients with thyroid hormone defficiency 
may present with excess sweating.

The presence of central diabetes insipidus (DI) usually 
indicates a non-pituitary lesion affecting the hypothalamus 
or pituitary stalk. Preoperatively, pituitary adenomas rarely 
cause DI, and its occurence should raise the suspicion of 
other sellar and suprasellar lesions, such as lymphocytic 
hypophysitis, craniopharyngiomas, germ cell, and metastatic 
tumors.

 Somatotropin Deficiency

 Children

GHD in childhood promotes short stature and delayed bone 
age with slow growth velocity. Idiopathic GHD is the most 
common etiology. GH does not appear to have a relevant role 
in fetal growth. Therefore, in general, children are born with 
normal length, weight, and general appearance. However, 
microphallus and cryptorchidism may be present, especially 
with gonadotropin-associated deficiency. Prolonged jaun-
dice, hypoglycemia-associated seizures (when GHD occurs 
in conjunction with adrenocorticotropic hormone (ACTH) 
deficiency), and midline abnormalities suggest a congenital 
etiology.

Recognition of GHD is more common from the first 
12–18 months after birth, with slow growth as an early sign 
and a consequent downward shift in the normal growth 
curve. Children tend to present with adiposity around the 
trunk. They have immature body and facial traits, a high- 
pitched voice, prominent forehead, depressed mid-face 
development, delayed dentition, and small hands and feet.

 Adults

The severity of the clinical manifestations of GHD in adults 
depends on the timing of onset. In general, patients present 
nonspecific symptoms, such as fatigue, decreased energy, 
low mood, and altered body composition with increased fat 
and decreased lean body mass and muscle strength, as well 
as reduced bone mineral density, compromised metabolism 
of glucose and lipids, and poor quality of life [7]. 
 Childhood- onset GHD patients have a lower lean body mass 
and bone mineral content and better quality of life compared 
to adult- onset GHD patients.

Table 7.1 Causes of hypopituitarism

Neoplasia Vascular
Pituitary adenoma Pituitary tumor apoplexy
Pituitary carcinoma Sheehan’s syndrome
Craniopharyngioma Intrasellar carotid artery aneurysm
Pituicytoma
Fibroma Subarachnoid hemorrhage
Glioma
Meningioma Ischemic stroke
Paraganglioma Genetic
Teratoma Combined pituitary hormone 

deficiencies
Chordoma
Angioma Isolated pituitary hormone 

deficiencies
Sarcoma
Ependymoma Infectious
Germinoma Viral
Cysts Fungal
Rathke’s cleft and dermoid Tuberculosis
Ganglioneuroma Syphilis
Astrocytoma Bacterial (others)
Pituitary mestastasis Primary empty sella functional
Brain damage
Surgery Drugs
Radiotherapy    Glucocorticoid excess
Radiosurgery    Megestrol acetate
Traumatic brain injury    Suppressive thyroxine treatment
Infiltrative/inflammatory 
disease
Lymphocytic hypophysitis    Dopamine
Granulomatous hypophysitis    Anabolic sex steroids
Xanthomatous hypophysitis    GnRH agonists
Sarcoidosis Nutritional
Langerhans cell histiocytosis    Obesity
Giant cell granuloma    Malnutrition
Wegener’s granulomatosis    Caloric restriction
Hemochromatosis Chronic/acute critical illness

Idiopathic
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 Gonadotropin Deficiency

The clinical presentation of male hypogonadism depends on 
the time of onset of androgen deficiency. In men with recent 
onset hypogonadism, the physical examination is usually 
normal, while diminished facial and body hair, gynecomas-
tia, and small soft testes are features of longstanding hypo-
gonadism [3]. The principal signs and symptoms of androgen 
deficiency in men are loss of libido, decreased sexual 
potency, loss of body hair (axillary and pubic), infertility, 
and low bone mineral density. The threshold testosterone 
level below which symptoms of androgen deficiency and 
adverse health outcomes occur and testosterone administra-
tion improves outcomes in the general population is cur-
rently not known [8].

Female adolescents have primary amenorrhea and lack of 
breast development, whereas in adult women, gonadotropin 
deficiency leads to reduced secretion of estradiol, resulting 
in infertility and oligo-/amenorrhea. Low estrogen is also 
responsible for genital atrophy and decreased breast volume 
in chronic hypogonadism. There is a reduction of pubic and 
axillary hair, especially when concomitant dysfunction of 
the corticotroph axis is present.

At the prepubertal age, no obvious clinical signs or symp-
toms are present until the normal age of puberty onset 
(9–14 years in boys and 8–13 years in girls), when a lack of 
signs of normal pubertal development is then observed. It 
should be emphasized that micropenis with or without asso-
ciated cryptorchidism is an important clinical clue that sug-
gests congenital hypogonadotropic hypogonadism (where 
there is lack of the normal fetal secretion and postnatal surge 
of gonadotropins) rather than acquired hypogonadotropic 
hypogonadism [9].

 Thyrotropin Deficiency

The clinical picture of central hypothyroidism is very similar 
to primary hypothyroidism, but is often milder. Symptoms 
include cold intolerance, dry skin, decreased appetite with 
mild weight gain, and fatigue [10]. The presence of goiter 
usually indicates primary thyroid disease. In children, 
decreased growth velocity with impairment of neurological 
development is an important sign.

 Corticotropin Deficiency

ACTH deficiency leads to decreased glucocorticoid levels. 
Mineralocorticoid secretion is preserved, since it is primarily 
modulated by the renin-angiotensin system. 
Hyperpigmentation is typical of primary adrenal disease and 
is absent in central disease. Symptoms of ACTH deficiency 

are largely nonspecific, including weakness, fatigue, anorexia, 
weight loss, arthralgia, postural hypotension, and tachycardia 
[11]. Hyponatremia, hypoglycemia, and eosinophilia may also 
occur. Ultimately, if left untreated, ACTH deficiency may lead 
to death due to vascular collapse, since cortisol is needed to 
maintain vascular tone. Mild ACTH deficiency may remain 
clinically unnoticed when cortisol production is sufficient for 
preventing symptoms in the absence of clinical stressors (e.g., 
infections). Hence, laboratorial evaluation is recommended in 
all patients at risk of ACTH deficiency.

 Antidiuretic Hormone (ADH) Deficiency

ADH deficiency results in polyuria (urine volume >3 L/day 
in adults) and polydipsia. If the thirst mechanism is not pres-
ent, as is the case in some patients with hypothalamic lesions, 
then lack of polydipsia leads to a high risk of life-threatening 
dehydration and hypernatremia [12].

 Diagnostic Testing

The diagnosis of hypopituitarism can often be made through 
simultaneous measurements of basal anterior pituitary and 
target gland hormone levels. Each axis should be assessed in 
patients suspected of having partial or complete loss of pitu-
itary function, because the impairment in these patients is 
often partial rather than complete.

Low or inappropriately normal serum levels of pituitary 
hormones in conjunction with low peripheral hormones indi-
cate hypopituitarism. FSH, LH, estradiol (women), testoster-
one (men), prolactin, TSH, free thyroxine (FT4), 9  am 
cortisol, and insulin-like growth factor-I (IGF-I) tests form 
the baseline parameters to assess. In addition, dynamic stud-
ies are necessary in most cases for documenting hypopituita-
rism, particularly for assessing GH secretory reserve and the 
ACTH-adrenal axis (Table 7.3) [6].

 Somatotropin Deficiency

 Children

GHD in children is based on auxological data, which is con-
sidered the gold standard in such diagnosis [13]. An appro-
priate differential diagnosis must be performed ruling out 
other causes of growth failure, such as hypothyroidism, 
Turner syndrome, and systemic diseases.

Evaluation should be considered when patients present 
with one of the following conditions: (1) short stature of more 
than 2.5 standard deviations (SD) below the mean; (2) growth 
failure, which is defined as height velocity less than 2 SD 
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below the mean for age; (3) a combination of less severe short 
stature (2–2.5 SD below the mean for age) and growth failure 
(growth velocity less than 1 SD); (4) clinical picture suggest-
ing hypothalamic-pituitary dysfunction, such as hypoglyce-
mia, microphallus, intracranial tumor, or history of cranial 
irradiation with decelerating growth; and (5) evidence of defi-
ciency in other hypothalamic-pituitary hormones [14].

The pulsatile nature and short half-life of GH preclude the 
random measurement of serum GH levels as a useful tool for 
diagnosing GHD.  Thus, IGF-I and IGF-binding protein 3 
(IGFBP-3) are appropriate initial tests for GHD in children 
providing that conditions such as poor nutrition, hypothy-
roidism, and chronic systemic diseases are excluded. These 
hormones reflect an integrated assessment of GH secretion 
because of negligible diurnal variation [15].

IGF-I and IGFBP-3 measurements should be interpreted 
in relation to reference ranges that are standardized for sex 
and age. An important drawback to using serum IGF-I for 
GHD diagnosis is that its values are low in very young chil-
dren and overlap in GHD patients and normal children. In 
this context, IGFBP-3 levels, which are less related to age, 
are more discriminatory than IGF-I levels at the lower end of 
the normal range [16].

These tests present less than adequate sensitivity, although 
specificity is high. Thus, in patients with severe GHD, IGF-I 
and IGFBP-3 levels are invariably reduced. On the other 
hand, patients with milder abnormalities of GH secretion 
demonstrate normal levels of IGF-I and its binding protein in 
a significant percentage of cases [17].

Despite these limitations, measurement of IGF-I and 
IGFBP-3 levels associated with provocative testing in an 
appropriate clinical context is now commonly performed 
when investigating GHD in childhood.

 GH Stimulation Testing in Children
Provocative GH testing has several caveats. They are not 
physiological, since the secretagogues used do not reflect 
normal GH secretion; the cutoff level of normal is arbitrary 
and the tests are age dependent. Furthermore, the tests rely 
upon GH assays of variable accuracy and are all uncomfort-
able, cumbersome, and risky for the patient [13, 18]. 

Table 7.3 Hormone testing for pituitary function

Criteria for hormone deficiency
Somatotropic axis
Baseline
   IGF-I Low/low-normal
   GH No usefulness
Provocative tests (GH 
measurement)
   Clonidine test 

(only for children)
<7–10 μg/L

   Insulin tolerance 
test

Children: <7–10 μg/L
Adults: <5.1 μg/L
Transition period: <6.1 μg/L

   GHRH-Arg test 
(only for adults)

Adults:
Lean <11.5 μg/L
Overweight <8.0 μg/L
Obese <4.2 μg/L
Transition period: <19.0 μg/L

   Glucagon test Children: <7–10 μg/L
Adults: <2.5–3 μg/L
Overweight/obese: <1.0 μg/L

   Macimorelin test Adults: <2.8 μg/L
Gonadotropic axis
Baseline
   Male
    Testosterone Low
    FSH/LH Low or inappropriately normal
   Female
    Estradiol Low
    FSH/LH In younger women: low or inappropriately 

normal
In postmenopausal women: inappropriately 
low

Provocative test
   GnRH Not useful in adults
Thyrotropic axis
Baseline
   Free T4 Low, low-normal
   TSH Low, normal, or slightly increased
Provocative test
   TRH Not useful
Corticotropic axis
Baseline
   Cortisol (morning) <3 μg/dL (<80 nmol/L)

>18 μg/dL (>500 nmol/L): hypocortisolism 
excluded

   ACTH (morning) Low or normal
Provocative tests
   Insulin tolerance 

test
Peak cortisol <18 μg/dL (<500 nmol/L)

   250 μg ACTH test Peak cortisol <18 μg/dL (<500 nmol/L)
   Overnight 

metyrapone test
11-deoxicortisol <7 μg/dL (<200 nmol/L), 
low cortisol

   CRH (human or 
ovine)

ACTH: peak <2–4× baseline
Cortisol: peak <20 μg/dL (555 nmol/L)

Table 7.3 (continued)

Criteria for hormone deficiency
Antidiuretic hormone
Dynamic test
   Water deprivation Maximal urinary osmolality 

(MUO) < 300 mOsm/kg/H2O plus >50% 
increase in MUO after desmopressin 
(complete DI)
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Therefore, there is currently no gold standard provocative 
GH test for GHD in children. As a result, subnormal 
responses to two secretagogues are necessary for diagnosis, 
with the exception of patients presenting with a central ner-
vous system disorder, multiple pituitary hormone defects, or 
a known genetic defect. In these cases, one test is sufficient 
to establish the diagnosis [19].

These stimulation tests are performed after an overnight 
fasting. After the pharmacologic stimulus, serum samples 
are collected at intervals designed to capture the peak GH 
level. A “normal” response is defined by a serum GH con-
centration of greater than 7–10 mcg/L, although the ideal 
threshold may vary with the assay used. Of note, all patients 
should be euthyroid and should not be under supraphysiolog-
ical doses of glucocorticoids before any testing is performed 
(Tables 7.3 and 7.4).

Clonidine, an α-2 adrenergic receptor agonist, promotes 
GH release, mainly through GHRH secretion. It is a stronger 
stimulant for growth hormone release, and therefore false- 
negative results can follow. On the other hand, children pre-
senting with a GH subnormal response to such stimulus 
rarely secrete normal GH in response to any other stimuli 
[20]. The test commonly causes hypotension and drowsiness 
that may last for hours and promote late hypoglycemia.

Insulin-induced hypoglycemia is a potent stimulant of 
GH release, and, therefore, the insulin tolerance test (ITT) is 
among the most specific tests for GHD. However, safety con-
cerns have prevented the widespread use of this test. The 
proposed mechanism by which hypoglycemia promotes GH 
secretion is through the suppression of somatostatin tone and 
stimulation of α-adrenergic receptors [21]. This test requires 
constant supervision by a clinician and is contraindicated in 
children less than 2 years of age.

Administration of glucagon promotes GH secretion 
through a poorly understood mechanism, with the activation 
of central noradrenergic pathways as a plausible hypothesis 
[22]. Glucagon presents mild and transient side effects, such 
as nausea, vomiting, and sweating, and therefore is a very 
good choice for infants and young children who are more 
susceptible to the risks of insulin-induced hypoglycemia.

 Adults

In adults, the clinical picture of GHD is subtle and nonspe-
cific, and therefore the diagnosis relies on biochemical test-
ing. Patients with structural hypothalamic and/or pituitary 
disease, surgery, or irradiation in these areas as well as TBI, 

Table 7.4 Protocols of dynamic tests for investigation of anterior pituitary (GH and ACTH) and posterior pituitary (ADH) deficiencies

Provocative 
tests

Dosage Time of hormone 
collection

Side effects/drawbacks

GH
Clonidine (only 
for children)

5 μg/kg, up to 250 μg, PO GH: 0, 30, 60, 90 min Drowsiness; false negative 
results

Insulin 
tolerance test

Regular insulin 0.05–0.15 IU/kg, IV GH: 0, 15, 30, 60, 90, 
120 min

Severe hypoglycemia and 
medical surveillance required

Glucagon 0.03 mg/kg (up to 1 mg) IM/SC; if >90 kg, 1.5 mg GH: 0, 30, 60, 90, 120, 
150, 180, 210, 240 min

Late hypoglycemia; very 
prolonged test; not well 
validated in adults

GHRH-ARG 
(only for 
adults)

GHRH (1 μg/kg, IV bolus) + arginine (0.5 g/kg, up to 30 g, IV, 
over 30 min)

GH: 0, 30, 60, 90, 
120 min

Very influenced by adiposity

Macimorelin  0.5 mg/kg  GH: 0, 30, 45, 60, 75, 90 Unpleasant taste
     120, 150 min
ACTH
ACTH1–24 250 μg IV/IM Cortisol: 0, 30, and 

60 min
Adrenal atrophy is required

Insulin 
tolerance test

Regular insulin 0.05–0.15 IU/kg, IV Cortisol: 0, 15, 30, 60, 
90, 120 min

See above

Overnight 
metyrapone

30 mg/kg, PO, at midnight (maximum 3 g) 11-deoxycortisol and 
cortisol: 8 am

Limited availability; adrenal 
crisis

CRH (human 
or ovine)

1 μg/kg, up to 100 μg, IV Cortisol and ACTH: 0, 
15, 30, 60, 90, 120 min

Flushing; expensive

Dynamic test Procedure Side effects/drawbacks
ADH
Water 
deprivation

Nothing allowed by mouth; patient voids; weight is recorded; serum Na+ and urine Osm are 
measured at baseline. Weight is checked after each liter of urine is passed. In each voided 
urine, measure urine Osm and when two consecutive measurements differ <10% and subject 
has lost 2% of BW, plasma sample for Na+, Osm, and VP should be drawn. DDAVP 2 μg IV/
IM is administered and urine Osm and volume are measured every 30 min in the next 2 h. 
Dehydration is stopped if patient has lost >3% of BW or if serum Na+ becomes elevated

Difficulties in differentiating 
partial hypothalamic DI from 
primary polydipsia

PO per oral, Osm osmolality, BW body weight, VP vasopressin
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SAH, or evidence of other pituitary hormone deficiencies 
should be evaluated for acquired GHD.  Otherwise, the 
presence of three or more pituitary hormone deficiencies 
associated with a low IGF-I is highly predictive of GHD, in 
which case provocative testing is not necessary [23]. In 
addition, patients should receive adequate replacement of 
other deficient hormones before GH stimulation testing is 
performed.

 GH Stimulation Testing in Adults
ITT is considered the most validated test currently available 
and is the diagnostic test of choice for GHD in adults. 
However, it is contraindicated in patients with seizure disor-
ders or ischemic heart disease and requires monitoring, even 
in healthy adults. Adequate hypoglycemia (<2.2 mmol/L) is 
not always achieved, and therefore, larger doses of insulin up 
to 0.3  U/kg may be necessary in obese patients and those 
with fasting blood glucose above 5.5 mmol/L [24]. An assay 
cutoff of 5.1 μg/L is recommended for diagnosis [23].

A GHRH and arginine test (GHRH-Arg test) is a very 
potent and reproducible test. Arginine potentiates the 
response to GHRH presumably through the inhibition of 
hypothalamic somatostatin secretion [25]. This combined 
test is not affected by gender or age and shows few side 
effects with no hypoglycemia. On the other hand, the assay 
cutoff for GHD diagnosis depends on the body mass index 
(BMI) [26]. In addition, GHRH directly stimulates the pitu-
itary, and patients with GHD of hypothalamic origin, mainly 
after radiotherapy, could present a falsely normal GH 
response [27]. Obesity can decrease the GH response, 
thereby mimicking, but this effect is reversible with weight 
loss [28]. BMI-ajusted cutoffs are therefore mandatory for 
most GH stimulation tests, including the GHRH-Arg [26] 
and glucagon tests [29] (Table 7.3).

Administration of glucagon allows for the assessment of 
GH and ACTH-cortisol reserves and has few side effects 
with minimal contraindications. It is a good choice when 
other tests are unavailable or contraindicated. It is performed 
by administering 1  mg of glucagon intramuscularly (or 
1.5  mg for those who weigh >90  kg) and measuring GH 
every 30  minutes for 4  hours. In adults, an assay cutoff 
between 2.5 and 3.0 μg/L is recommended for GHD diagno-
sis [23]. However, in overweight/obese patients, a cutoff of 
1.0 μg/L gives the best sensitivity and specificity [30]. Side 
effects, including nausea, vomiting, diaphoresis, and head-
aches, occur in 10–30%.

Recently, macimorelin, a synthetic oral ghrelin agonist 
that stimulates GH in a dose-dependent manner [31], has 
been approved by the FDA for use in the diagnosis of patients 
with GHD in December 2017. In a study of 50 subjects with 
adult GHD and 48 healthy controls, a maximally stimulated 
serum GH level of less than 2.8 ng/mL at 30, 45, 60, and 
90 minutes after macimorelin administration confirmed the 
presence of adult GHD [32]. The accuracy of the macimore-

lin test was comparable with the arginine-GHRH test in the 
43 patients who underwent both tests. The authors also 
reported that using separate cut points of less than 6.9 ng/mL 
for nonobese and 2.8 for obese subjects reduced the misclas-
sification rate.

 Transitional Period

In the transitional period (i.e., after the cessation of linear 
growth and completion of puberty), the majority of GHD 
patients must be retested. Those patients with conditions 
causing multiple pituitary hormone deficiencies (MPHD) 
(i.e., three or more pituitary hormone deficits) can continue 
on GH therapy but require determination of an adequate 
dose. Other patients without MPHD but who present with 
known mutations or irreversible structural hypothalamic- 
pituitary lesions/damage should be screened for serum IGF-I 
levels after terminating therapy for at least 1 month. IGF-I 
levels below −2 SD are sufficient for GH therapy reinstitu-
tion. If the IGF-I level is within the normal range, then one 
provocative testing is mandatory for GH therapy in the case 
of a subnormal response.

In the remaining patients, mostly with idiopathic causes, 
a serum IGF-I test and one provocative test must be per-
formed, and in the case of discordant results, a second pro-
vocative test is necessary for the diagnosis of persistent GHD 
[23, 33].

It is unclear whether different assay cutoffs should be 
adopted during this transitional period, as opposed to GHD 
assay cutoffs in adults. Some studies suggest that the assay 
cutoffs in these cases should be higher than for older adults, 
with levels of 6.1 μg/L and 19.0 μg/L for the ITT and GHRH- 
arg, respectively [34, 35].

 Gonadotropin Deficiency

In men, low or inappropriately normal levels of gonadotro-
pins combined with low levels of serum testosterone are 
indicative of secondary hypogonadism. Semen analysis is 
indicated when considering fertility and may demonstrate a 
reduced sperm count or possibly azoospermia.

In younger women, oligo-/amenorrhoea with low serum 
estradiol levels and low or inappropriately normal FSH and 
LH concentrations is consistent with secondary hypogonad-
ism. In postmenopausal women, the absence of the normal 
rise of FSH and LH levels is sufficient for establishing a 
diagnosis.

In secondary hypogonadism, serum prolactin should 
always be measured to exclude hyperprolactinemia, which 
might occur for several reasons, such as prolactinomas, sel-
lar and parasellar masses causing pituitary stalk compres-
sion, and use of drugs with antidopaminergic activity.
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In adults, there is no usefulness in performing the 
gonadotropin- releasing hormone (GnRH) provocative test 
because it does not provide any additional information [6].

 Thyrotropin Deficiency

Evaluation of the thyrotrophic axis is based on the measure-
ment of basal serum TSH and thyroid hormone levels. 
Central hypothyroidism is diagnosed when serum TSH lev-
els are low or inappropriately normal coupled with low lev-
els of serum free T4. Occasionally, TSH levels may be 
slightly elevated but usually remain lower than 10 mIU/
mL. In these patients, the elevation of serum TSH is associ-
ated with decreased bioactivity due to increased sialylation 
[36]. In patients with concomitant GH and TSH deficiencies, 
serum-free T4 may be normal (usually at the lower tertile), 
decreasing only after GH replacement [37, 38]. More 
recently, it has been proposed that echocardiography can be 
useful in the evaluation of patients with hypothalamic- 
pituitary disease and free T4 levels within reference range, as 
some of these patients present signs of tissue hypothyroid-
ism, a condition that could be named “subclinical central 
hypothyroidism” [39].

The TRH stimulation test has been performed in the past 
to diagnose central hypothyroidism [40]. However, this test 
is not currently recommended due to a lack of accuracy and 
availability [41].

 Corticotropin Deficiency

Cortisol secretion follows a circadian cycle, being highest in 
the early morning and lowest at midnight. Hence, a basal 
serum cortisol measurement may not reflect disturbances of 
the hypothalamus-pituitary-adrenal (HPA) axis. In addition, 
alterations in the levels of cortisol-binding globulin (CBG), 
which is frequently seen in clinical practice (e.g., higher lev-
els of CBG, and consequently serum total cortisol, during 
oral estrogen treatment as a contraceptive), may also mask 
the diagnosis of central hypoadrenalism. Therefore, early 
morning serum cortisol (between 07:00 and 09:00) may be 
measured as a first step in the evaluation [11]. Stimulation 
tests are frequently required for corticotropic assessment. 
The most commonly used stimuli in clinical practice are 
insulin-induced hypoglycemia, metyrapone, synthetic ACTH 
(ACTH1–24), and CRH (Tables 7.3 and 7.4).

Hypoglycemia is a potent activator of the HPA axis, and 
the ITT is usually regarded as the “gold standard” for diag-
nosis (see more details in “GH stimulation testing”).

ACTH1–24 administration is currently the most commonly 
used test in clinical practice for assessing HPA axis. Adrenal 
atrophy is required for the test to be positive in cases of 

ACTH deficiency. Hence, this test should not be performed 
within 2 weeks of an insult to the hypothalamus or pituitary 
(e.g., pituitary surgery) [42]. A low-dose (1 μg) ACTH1–24 
test has been reported to induce improved sensitivity by 
some studies [43] but not others [44].

Metyrapone decreases serum cortisol by inhibiting the 
enzyme 11-beta-hydroxylase, and this test is usually not per-
formed due to limited availability of the drug.

CRH has been used to differentiate hypothalamic from 
pituitary disease in secondary adrenal insufficiency. 
However, CRH stimulation is not particularly useful in diag-
nosing secondary adrenal insufficiency because individual 
responses to exogenous CRH are extremely variable.

 ADH Deficiency

DI may be diagnosed with a proper clinical presentation, for 
example, in a patient with known pituitary/hypothalamic dis-
ease if other causes of polyuria (e.g., diabetes mellitus, use 
of diuretics) are excluded. Serum sodium is usually above 
the middle of the reference range, but hypernatremia is not 
seen in patients with an intact thirst mechanism. In situations 
where diagnosis is not clear-cut, a water deprivation test is 
warranted. Maximum urine osmolality is less than 
300 mOsm/kg H2O in patients with complete DI. In patients 
with subnormally elevated osmolality after water deprivation 
(300 mOsm/kg < osmolarity < 800 mOsm/kg H2O), further 
steps are needed, including magnetic resonance imaging 
(MRI) of the hypothalamic-pituitary region and/or a thera-
peutic trial with desmopressin [12].

 Imaging

MRI is currently the single best imaging procedure in the 
investigation for most sellar masses. After hypopituita-
rism has been confirmed, MRI should be performed to 
exclude tumors and other lesions of the sellar and parasel-
lar region. When this is not possible, computerized tomog-
raphy (CT) provides a suitable alternative. Micro- and 
macroadenomas of the pituitary as well as other sellar 
masses, such as  craniopharyngiomas and meningiomas, 
usually take up contrast to a lesser degree than the normal 
pituitary. Craniopharyngiomas and even pituitary adeno-
mas may have a partially cystic content and, therefore, 
have low-intensity signals. Hemorrhage has a high-inten-
sity signal on both T1- and T2-weighted images. On the 
other hand, asymptomatic pituitary adenomas are found 
upon autopsy in approximately 11% of individuals. Such 
adenomas may also be commonly seen as incidental find-
ings (incidentalomas) on head CT or MRI scans per-
formed for other reasons [45].
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Recent MRI studies of the pituitary in patients who had 
suffered a TBI demonstrated pathological changes consistent 
with vascular injury. In the acute phase, the pituitary glands 
of these patients are significantly enlarged and may also 
present other abnormalities, such as hemorrhage, infarction, 
and partial stalk transection [46]. In the chronic phase, 
patients often demonstrate pituitary volume loss or empty 
sella, perfusion deficits, or lack of a posterior pituitary sig-
nal. Such abnormalities were reported to occur in 80% of 
patients with hypopituitarism compared to 29% of those 
without hypopituitarism [47].

 Neuro-ophthalmic Exam

Patients with a known pituitary tumor must be carefully fol-
lowed for evidence of growth with early chiasmal-optic 
nerve compression. The frequency of visual evaluation must 
be individualized based on the size of the tumor and its rela-
tion to critical structures. Goldmann perimetry is useful in 
plotting the visual field defects and also assists in 
follow-up.

 Management

Understanding the underlying pathophysiology in each 
patient and recognizing the probability for recovery of func-
tion are among the most important issues to be emphasized 
in the management of patients with hypopituitarism. 
Treatment is based on the underlying disease that leads to 
pituitary insufficiency.

Pituitary tumors may be treated with medical therapy, sur-
gery, radiotherapy, or a combination of these modalities 
depending on the tumor subtype and clinical presentation 
[6]. Whereas prolactinomas are almost exclusively treated 
with dopamine agonists, neurosurgical removal is indicated 
for most other pituitary sellar and parasellar masses. 
Infections (e.g., meningoencephalitis, tuberculosis, or syphi-
lis) are treated with antibiotics or antivirals, and granuloma-
tous infiltrations (e.g., sarcoidosis) are treated with 
immunosuppressants.

The goal of hormone replacement therapy is to achieve 
normal levels of the circulating hormones in order to restore 
normal physiology as close as possible and to avoid the 
symptoms of deficiency with minimal side effects. Target 
peripheral hormones, rather than deficient pituitary hor-
mones, should be replaced, except for GH deficiency, ADH 
deficiency, and gonadotropins, when fertility is desired [6]. 
Hormone replacement therapy should be started as soon as 
the diagnosis of hypopituitarism is made (Box 8.1). It is very 
important to carefully evaluate whether hypopituitarism is 

likely to be reversible or whether it is permanent, thereby 
requiring life-long hormone replacement therapy.

 Hormone Replacement Therapy

 Hyposomatotropism

 Children
Childhood GHD should be treated as soon as possible in 
order to improve linear growth. The individual response to 
GH therapy is widely variable and unpredictable. Dosing is 
mainly based on weight and can range from 0.021 to 
0.050 mg/kg/day (0.033 mg/kg/day is the most suitable ini-
tial dose) up to 0.1 mg/kg/day in adolescents. It should be 
given once a day by subcutaneous injection and should be 
adjusted based on growth response and IGF-I levels [48, 49].

Therapy should be started as early as possible in order to 
achieve the best results in growth where patients can achieve 
height within the midparental target height [50].

GH therapy in children is safe and adverse events are 
uncommon. Idiopathic intracranial hypertension (pseudotu-
mor cerebri) is a rare occurrence that tends to occur early in 
therapy, and if it occurs, then drug discontinuation and sub-
sequent cautious reintroduction are necessary. Some patients 
may present increased insulin resistance, which appears not 
to translate into marked glucose abnormalities [51].

The goals of therapy are to achieve therapeutic levels of 
IGF-I that are slightly above the mid-normal range (approxi-
mately 1 SD above the mean) adjusted for age, pubertal 
stage, and growth velocity above the 75th percentile curve 
[52, 53]. An evaluation is performed 4 weeks after beginning 
treatment, and in the case of an adequate IGF-I response, the 
length/height should be rechecked every 3–6  months, and 
IGF-I levels should be rechecked every 6–12 months.

Caution is necessary with unmasking hypothyroidism 
after GH therapy as previously discussed. Thus, free T4 
should be assessed every 3 and 6 months after initiation of 
this therapy and yearly thereafter.

 Adults
In adults, GH dosing regimens are not weight-based as in 
children, but rather are initialized with a lower dose and then 
titrated according to clinical parameters and IGF-I levels. 
The recommended GH starting dose is 0.2–0.3 mg/day for 
most patients and 0.1–0.2 mg/day for the elderly patients that 
are more susceptible to adverse events linked to therapy [23]. 
A target for IGF-I levels is the upper half of normal range.

The most common side effects, which occur in 5–18% of 
patients, are joint stiffness, peripheral edema, arthralgias, 
and myalgias. Carpal tunnel syndrome and increased blood 
pressure are infrequent but, when present, are related to 
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supraphysiological doses in most cases. When this occurs, a 
reduction in the dose is appropriate [54].

Although there are no conclusive data of a GH role in the 
development or recurrence of malignant diseases, GH is con-
traindicated in adult patients with an active malignancy. A 
slight increase in the risk for DM has been observed with GH 
therapy, and therefore diabetic patients may require changes 
in the doses of current medications [23].

Adjustments should be performed every 1–2 months dur-
ing dose titration. A clinical response, IGF-I levels, and side 
effects should guide the choice of dose. After titration, evalu-
ation should be performed at 6-month intervals.

 Transitional Period

In the transition phase, the recommended dose is 0.4–0.5 mg/
day with the goal of achieving IGF-1 levels between 0 and 
+2 SD with adjustments made at 1–2-month intervals. 
Reassessment should be made every 6  months thereafter 
until the patient is in their mid-twenties [23, 33].

 Hypogonadism (in the Adult Female)

Estrogen deficiency requires replacement for the relief of 
symptoms, such as loss of libido and dyspareunia, as well as 
for the prevention of osteoporosis and premature cardiovas-
cular disease. Epidemiological studies in women with ante-
rior pituitary deficiency have demonstrated excessive 
cardiovascular mortality in untreated versus treated hypogo-
nadism [55]. Thus, it is strongly recommended to replace sex 
steroids in younger women until the average age of meno-
pause is reached (approximately 52 years of age in healthy 
subjects). On the other hand, findings of large studies of sex 
hormone replacement therapy in non-pituitary postmeno-
pausal patients have shown an increased risk of cardiovascu-
lar and neoplastic diseases. Therefore, termination of sex 
hormone substitution in hypogonadal women after the aver-
age menopause age is recommended [56, 57].

The biological potency of 20 μg ethinyl estradiol, 1.25 mg 
conjugated estrogen, and 100 μg transdermal 17β-estradiol is 
comparable [58]. In premenopausal women, an oral contra-
ceptive containing 20–35 μg ethinyl estradiol is an effective 
form of replacement therapy. Alternatively, oral estrogen 
preparations (conjugated estrogen 0.625–1.25  mg daily or 
estradiol valerate 1–2 mg) given cyclically or continuously 
with a progestagen can be administered. Transdermal appli-
cation of estradiol (50–100  μg/day) is preferred over oral 
preparations because it avoids hepatic first-pass metabolism. 
In addition, the transdermal preparation minimizes the syn-
thesis of procoagulatory factors and acute phase proteins, 
which are potential vascular risk factors [59], and eliminates 

the growth hormone-resistant effects of estrogen on IGF-I 
production in the liver [60]. All women who have an intact 
uterus should receive concomitant progesterone therapy. 
Breast cancer is clearly an absolute contraindication for sex 
steroid replacement therapy.

 Pubertal Development

The goal for therapy in this case is to approximate normal 
development, and the appropriate age for intervention is 
around the chronological age of 11 years. Conjugated estro-
gens (initial dose 0.15 mg daily or 0.3 mg on alternate days), 
ethinyl estradiol (2.5–5  μg daily), or 17β-estradiol (initial 
dose 5 μg/kg daily) may be administered, and the dose should 
be gradually increased every 6–12 months over the following 
2–3 years until the adult replacement dose is reached. After 
6 months of therapy or in the case of spotting or menstrual 
bleeding, cyclic progestagens (usually medroxyprogesterone 
5–10 mg daily or norethisterone 0.7–1.0 mg daily) should be 
added for 12–14 days every month [61].

Estrogen-release patches offer an alternative treatment 
option. The smallest commercially available patch releases 
25 μg 17β-estradiol daily. The patch can be divided into six 
to eight fragments, and each fragment allows a release of 
0.08–0.12 μg/kg daily. Application of the patch may be lim-
ited to nighttime in order to mimic the pattern of estrogen 
secretion that is predominantly nocturnal during the initia-
tion of puberty [62]. The dosage should be increased every 
6–12 months until the adult replacement dosage is achieved.

 Fertility Treatment

Pulsatile GnRH is mostly used for ovulation induction in 
patients with hypothalamic hypogonadotropic hypogonad-
ism and normal gonadotropin levels. However, such therapy 
should only be performed at centers with extensive experi-
ence in ovarian stimulation techniques.

Gonadotropin therapy is indicated in patients with gonad-
otropin deficiency or GnRH resistance but can also be used 
in patients with GnRH defects [63]. Ovulation induction is 
initiated with 75 IU daily of a preparation containing only 
FSH or a mixture of FSH and LH (human menopausal 
gonadotropins). Careful ultrasound monitoring is recom-
mended to ensure that only one or two follicles develop in 
order to prevent ovarian superstimulation and prevent multi-
ple pregnancies. Once a follicle has become mature, a single 
dose of 5000 IU of human chorionic gonadotropin (hCG) is 
administered to stimulate ovulation, which occurs within 
36–48 h of administration. Conception occurs in 5–15% of 
cycles, and cumulative conception rates average between 30 
and 60% [63].
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 Hypogonadism (in the Adult Male)

The aim of androgen substitution is to restore the serum tes-
tosterone concentration to the normal range (in the mid- 
normal range) in order to maintain secondary sexual 
characteristics, prevent loss and optimize bone mass, and 
improve sexual function [8].

The route of delivery depends on availability, patient pref-
erence, consideration of pharmacokinetics, treatment burden, 
and cost. Testosterone therapy is contraindicated in patients 
with prostate cancer, severe lower urinary tract symptoms, 
erythrocytosis, untreated severe obstructive sleep apnea, and 
uncontrolled or poorly controlled heart failure [8].

 Oral Testosterone

Oral testosterone undecanoate is commercially available in 
many countries under various brand names in 40  mg cap-
sules, but is not available in the United States. It is absorbed 
through the lymphatic system and bypasses the portal vein 
due to esterification at the 17β position. The daily dose is 
80–240 mg given throughout the day with meals. However, 
this drug has low bioavailability and substantial interindi-
vidual and intraindividual variability in absorption [64]. 
Therefore, it is more suitable for patients who cannot tolerate 
transdermal or intramuscular administration.

 Intramuscular Depot

Testosterone enanthate and testosterone cypionate are 17β 
esters of testosterone that have been the standard prepara-
tions for testosterone treatment for decades and have been 
proven to be safe with few unwanted side effects. Both esters 
are more lipophilic than native testosterone and have a long 
half-life and duration of action.

After intramuscular administration of testosterone enan-
thate, serum testosterone peaks to maximal supraphysiologi-
cal levels in approximately 10  h, followed by a gradual 
decline to low normal or even subnormal levels [65]. 
Intramuscular doses of testosterone enanthate or cypionate 
from 100 mg/week or 150–200 mg every 2 weeks are bio-
logically effective. Serum testosterone should be monitored 
between midway injections aiming at a serum level between 
350  ng/dL (12–3  nmol/L) and 750  ng/dL (24–5  nmol/L). 
Some clinicians prefer to monitor serum testosterone levels 
immediately prior to the next injection with a goal of achiev-
ing a level in the low normal range. Dose adjustment is per-
formed by varying injection intervals or injection dosage.

Testosterone undecanoate (Nebido®) is another ester of 
testosterone that has a markedly longer half-life (34 days) 

and duration of effect than testosterone enanthate and cypi-
onate. Intramuscular injection of testosterone undecanoate 
1000  mg every 3  months leads to constant physiological 
serum testosterone levels without the undesired initial peak 
in drug concentration observed with the other depot formula-
tions. A reduction in the injection interval between the first 
and second administration is recommended [66], and with 
this loading dose, sufficient steady state testosterone levels 
may be achieved more rapidly. Serum testosterone should be 
monitored at the end of the injection interval with the goal of 
achieving a serum level of testosterone in the mid-normal 
range. Dose adjustment is performed by varying the injec-
tion intervals.

 Transdermal Systems

Transdermal systems are a popular treatment modality for 
hypogonadal men. Transdermal gel and patches provide a 
useful delivery system for normalizing serum testosterone in 
these patients [67]. The transdermal gel has the best pharma-
cokinetic properties of all the available formulations and can 
achieve stable serum testosterone concentrations within the 
normal range using a noninvasive topical application that is 
applied once a day on non-pressure areas of the body. 
Potential limitations of transdermal systems include a high 
rate of skin irritation observed with patches and the possibil-
ity that the testosterone gel may be transferred to other indi-
viduals through skin contact [68]. Four testosterone gels are 
currently available in the United States, including 
AndroGel®, Testim®, Axiron®, and Fortesta®. A multi-
center study conducted by Swerdloff et al. [69] (Testosterone 
Gel Study Group) showed that a daily transdermal applica-
tion of a hydroalcoholic gel containing 1% testosterone 
(AndroGel®) at 5.0 and 10.0 g of gel (equivalent to 50 and 
100 mg) increased serum testosterone levels in hypogonadal 
men to within the normal range. Treatment should be started 
with 5.0 g and adjusted as necessary up to a maximum of 
10.0 g. Testim® is another brand of hydroalcoholic gel with 
the same concentration.

The 2% formulation of testosterone topical solution 
(Axiron®) is a non-occlusive topical formulation 
 administered to the axilla, instead of the hands. A multicenter 
study conducted by Wang et  al. [70] in hypogonadal men 
treated with 30–90 mg of this preparation showed that appli-
cation of the gel restored physiological testosterone levels in 
84.8% of treated patients. This finding is similar to results 
previously reported with testosterone gel and mucoadhesive 
buccal therapies. The suggested dose of Axiron® is 60 mg 
(30 mg applied to each axilla once a day), with adjustment of 
the dose ranging from 30 to 120 mg, as determined by the 
serum testosterone concentration.
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Another 2% testosterone gel for the treatment of hypogo-
nadal male (Fortesta®) is also supplied in a metered dose 
pump, which is applied to the front and inner thighs. A mul-
ticenter study [71] in hypogonadal men followed for 90 days 
demonstrated that a single daily dose of this preparation 
restored normal levels of testosterone in more than 75% of 
hypogonadal patients, with a low risk of supraphysiological 
testosterone levels. The recommended starting dose is 40 mg 
once a day (2 g/2 mL of gel) with adjustment of the dose 
ranging from 10 to 70 mg, as determined by the serum tes-
tosterone concentration.

The transdermal system patch (Androderm®) delivers 
approximately 5 mg of testosterone every 24 h and results 
in normal serum testosterone concentrations in most hypo-
gonadal men [72]. The application of one or two testoster-
one patches is recommended to be applied nightly over the 
skin of the back, thigh, or upper arm, away from pressure 
areas. Testosterone serum levels can be assessed 3–12  h 
after the application of the patch. The dose should be 
adjusted to achieve testosterone levels in the mid-normal 
range. The scrotal patch is no longer available in the United 
States.

Testosterone in an adhesive matrix patch is now available 
in many countries. The recommended regimen consists of 
2 × 60 cm2 patches that deliver approximately 4.8 mg of tes-
tosterone per day and last for approximately 2  days. 
However, some patients experience skin irritation with this 
preparation [8].

 Buccal Tablet

A controlled release testosterone buccal system (Striant 
SR®) contains 30  mg of testosterone and mucoadhesive 
excipients, which rapidly adhere to the buccal mucosa and 
slowly form a gel. Transbuccal delivery of testosterone sub-
stantially circumvents hepatic first-pass metabolism. A study 
by Wang et al. [73] demonstrated that the administration of 
this preparation maintained serum testosterone concentra-
tions within the normal range in most hypogonadal men. The 
recommended dose is 30  mg applied to the buccal region 
twice a day. Testosterone serum levels can be assessed imme-
diately before or after application of the fresh system. Gum- 
related adverse events occurred in 16% of treated subjects.

 Pellets

Subcutaneous pellets (testospel®) provide stable physiologi-
cal testosterone levels, but a minor surgical procedure is 
required for administration [74]. The pellets are implanted 
into the subdermal fat of the lower abdominal wall, buttock, 
or thigh. The dose and regimen vary with formulation. The 
manufacturer recommends implantation of three to six 75 mg 

pellets every 3–6  months [8]. Extrusion of the pellets and 
infection are the main risks of this treatment.

 Other

Recently, a nasal testosterone gel (Natesto®) was approved in 
the United States for the treatment of male hypogonadism. 
The gel is administered into the nostrils with a metered-dose 
pump applicator. One pump delivers 5.5 mg of testosterone, 
and the recommended dose is 11 mg (one pump in each nos-
tril), three times a day (total 33 mg/day). One advantage over 
other formulations is the minimal risk of gel transfer to a part-
ner or child. On the other hand, the three time daily regimen 
may be inconvenient for many, and its administration can be 
more troublesome in men with allergies or underlying sinus 
pathology, since more than 3% of subjects in clinical trials 
experienced rinorrhea, epistaxis, nasopharyngitis, sinusitis, 
and nasal scab. A major concern also comes from data in mice 
studies that showed brain levels twice as high when compared 
with intravenous testosterone, a finding that is yet unknown in 
humans. Therefore, until further security data are available 
with this new formulation, we suggest using the available tes-
tosterone gels, patch, or injectable esters.

 Monitoring During Androgen Therapy

Men younger than 40 years of age may not need prostate 
monitoring as they are at low risk for the development of 
prostate cancer. In men 40  years of age or older with a 
baseline prostatic specific antigen (PSA) level greater 
than 0.6 ng/mL, rectal digital examination should be per-
formed before initiating treatment, and PSA levels should 
be checked 3–6  months after the start of treatment and 
annually thereafter. A urological consultation is necessary 
if there is an increase in serum PSA concentration to a 
level greater than 1.4 ng/mL within any 12-month period 
of testosterone treatment. Hematocrit should be checked 
at baseline, at 3–6 months after the start of therapy, and 
annually thereafter. If the hematocrit is greater than 54%, 
then the treatment should be stopped until it decreases to 
a safe level [8].

 Infants/Pubertal Development

Infants and children with micropenis (penile length less than 
2.5 cm at birth and in infancy) related to congenital hypopi-
tuitarism may be treated with three courses of testosterone 
enanthate 25  mg given IM each month with the goal of 
increasing penis size. If the desirable increase in penile 
length (>0.9 cm) has not occurred, then another three-course 
trial can be repeated [9].
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There is no general consensus regarding the best time to 
induce pubertal development. An acceptable proposal may 
be to induce pubertal development at 13 years and obtain a 
slow and progressive increase. A monthly dose of testoster-
one enanthate or cypionate 25–50 mg IM may be used. The 
dose should be kept as low as possible in order to preserve 
maximal growth potential. The dose should be increased 
every 6–12 months until reaching the adult replacement ther-
apy within 3–5 years [63].

 Fertility Treatment

In secondary hypogonadism, spermatogenesis and fertility 
can be induced. Men with prepubertal onset hypogonadism 
are more likely to require replacement of FSH as well as LH, 
whereas men with postpubertal onset are more likely to 
require replacement of LH only.

The classical gonadotropin regimen combines hCG and 
human menopausal gonadotropin (hMG) given as IM or 
subcutaneous (SC) injections, depending on the available 
preparation [75]. After stopping testosterone treatment, 
hCG can be used initially at a dose of 2000 IU twice a week 
to stimulate spermatogenesis. The dose is titrated against 
testicular volume and serum testosterone, which should be 
measured every 1–2 months, with the goal of achieving lev-
els between 400 and 900  ng/dL within 3–4  months after 
initiating treatment. Some patients require as little as 
500  IU per dose, while other patients need as much as 
10,000  IU per dose. Sperm count is measured every 
2–4 weeks, but the value is not used to adjust the hCG dose. 
Most patients who eventually reach a normal sperm count 
(over 20 million/mL) do so within 6  months, but some 
require 12–24 months. The addition of hMG should be con-
sidered if the sperm count does not reach one-half of the 
normal level within 12–24  months. The pharmaceutical 
preparation of hMG contains FSH and is used to replace 
FSH for stimulating spermatogenesis in men who are infer-
tile due to secondary hypogonadism. Recombinant human 
FSH is also available, but has not been as well studied in 
men and is more expensive. FSH appears to be necessary 
for the initiation of spermatogenesis, but not for its mainte-
nance or reinitiation. Therefore, for patients with prepuber-
tal onset of secondary hypogonadism, the treatment should 
be started with both hCG 2000 IU and hMG three times a 
week while titrating hCG doses based on serum testoster-
one levels.

 Thyrotropin Deficiency

Levothyroxine is the replacement of choice for central hypo-
thyroidism [76]. Most patients use 75–125 mcg/day of L-T4 
(for pediatric dosages, see Box 8.1). Laboratory monitoring 

of serum-free T4 levels should be performed. The FT4 levels 
should remain in the upper half of the reference range for 
patients with concomitant untreated GH deficiency in order 
to ensure adequate replacement [37]. In eusomatotropic 
patients, the FT4 levels should be in the mid-normal refer-
ence range [37, 77] (see “Hormone Replacement Therapy 
Interactions”).

Box 8.1 Hormone Replacement Regimens
GH deficiency

 Adults: GH therapy 0.1–0.2 mg in elderly; 0.2–
0.3 mg in adults; 0.4–0.5 mg, SC, in younger people; 
adjustment based on clinical response, adverse effects, 
and IGF-I levels that should be maintained in the mid-
dle/upper half of the normal range.

 Children: GH therapy 0.033 mg/kg/day and up 
to 0.1  mg/kg/day, SC, during puberty; adjustments 
based on growth response and IGF-I levels that should 
be maintained 1 standard deviation (SD) above the 
mean.

FSH/LH deficiency
 Adult male: 75–100 mg of testosterone enanthate 

or cypionate IM weekly or 150 mg every 2 weeks; one 
or two 5  mg nongenital testosterone patches applied 
nightly over the skin; 5–10 g of a 1% testosterone gel 
applied daily over skin; 30 mg of bioadhesive buccal 
testosterone every 12 h. Other options: 2% of testoster-
one topical solution, 2% testosterone gel, oral testoster-
one undecanoate, injectable testosterone undecanoate, 
testosterone-in-adhesive matrix patch, and testosterone 
pellets.

 Infants/pubertal development (boys): Infants 
and children with micropenis, three courses of tes-
tosterone enanthate 25 mg IM monthly, and another 
three courses can be repeated if necessary. At 
13 years of age, testosterone enanthate or cypionate 
25–50  mg IM dosed monthly; increase dose every 
6–12  months until the adult replacement level is 
achieved (3–5 years).

 Adult female: Oral contraceptive (20–35 μg ethi-
nyl estradiol), conjugated estrogen 0.625–1.25  mg, 
estradiol valerate 1–2 mg, or transdermal application 
of estradiol 50–100 μg/day. Add progestagen in case of 
an intact uterus.

 Pubertal development (girls): At 11 years of age, 
conjugated estrogen (0.15  mg daily or 0.30  mg on 
alternate days), ethinyl estradiol 2.5–5  μg, or 
17β-estradiol 5 μg/kg daily, or estrogen release patches 
25 μg 17β-estradiol (0.08–0.12 μg/kg/day) can be sub-
divided into six to eight fragments. After 6 months or 
in the case of spotting or menstrual bleeding, cyclic 
progestagens should be added.
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 ACTH Deficiency

Glucocorticoid replacement is a priority because its defi-
ciency is potentially life-threatening. Replacement therapy 
should be initiated before the beginning of thyroxine and/or 
GH replacement, since these latter treatments may precipitate 
adrenal crisis. There is no consensus on the best glucocorti-
coid replacement regimen [11]. Many centers use hydrocorti-
sone (15–20 mg/day) in divided doses in an attempt to mimic 
circadian variation (e.g., 10–15 mg in the morning and 5 mg 
in the early afternoon; see Box 8.1). Although dividing the 
total daily dose into two or even three doses (with the largest 
dose on arising in the morning) makes sense physiologically 
and should be initially pursued, many patients cannot remem-

ber to take doses in the middle of the day. For them, taking the 
entire dose in the morning is preferable to missing doses, and 
many patients may feel well on this regimen. Equivalent 
doses of prednisone, dexamethasone, or cortisone acetate 
have also been used. Approximate equivalent doses to 20 mg 
of hydrocortisone include cortisone acetate, 25 mg; predni-
sone, 5 mg; and dexamethasone, 0.75 mg. Mineralocorticoid 
is not required in ACTH- deficient patients, since its secretion 
is under the control of the renin-angiotensin system. For chil-
dren, hydrocortisone is usually the glucocorticoid of choice 
(10–24 mg/m2/day in divided doses). Prednisolone (3–5 mg/
m2/day) is also used, albeit less frequently. Due to its higher 
potency and possible negative effects on growth, dexametha-
sone is avoided during childhood. Close monitoring and 
attention should be given to patients being treated for hypopi-
tuitarism who also receive enzyme-inducing antiepileptic 
drugs (e.g., phenytoin, phenobarbital), since these medica-
tions can also affect the needed dosages of glucocorticoids 
and levothyroxine and, thus, patients need to receive educa-
tion on early signs of adrenal insufficiency.

As a general rule, during acute illness, the usual glucocor-
ticoid replacement dose is increased two to three times over 
a course of at least 3 days or more, if needed. If patients can-
not take oral glucocorticoids or experience severe illness, 
then IV/IM hydrocortisone is given as 200–300 mg/day in 
3–4 doses (e.g., 50 mg every 6 h) [11, 78].

Adult women with hypopituitarism show decreased levels 
of androgens, including dehydroepiandrosterone (DHEA), 
dehydroepiandrosterone sulfate (DHEA-S), androstenedione, 
and testosterone. Some studies on DHEA replacement ther-
apy to these patients have shown beneficial results on quality 
of life as well as improved mood and sexual function [79–82], 
whereas other studies have not shown such benefits [83, 84]. 
A meta-analysis that included randomized studies on the 
effect of DHEA replacement therapy on the quality of life of 
primary or secondary adrenal insufficient patients showed a 
small improvement in quality of life and depression, but no 
effect on anxiety and sexual well-being [85]. In the same 
meta-analysis, the most commonly reported side effects were 
greasy skin, hirsutism, acne, scalp itching, and increased apo-
crine sweat secretion and odor [85]. However, to date there is 
insufficient evidence to recommend routine DHEA replace-
ment to these patients [78]. Moreover, in many countries, 
DHEA is only available as a dietary supplement, and there-
fore there are often variable and unreliable amounts of the 
drug in each pill. When DHEA is replaced, the usual dosage 
ranges from 25 to 50  mg in a single morning dose [86]. 
Clinical effects are observed only after several weeks of treat-
ment. Monitoring should include measurement of DHEA-S 
(24 h after the previous dose) as well as free testosterone or 
total testosterone with sex hormone-binding globulin (SHBG) 
and estimation of free testosterone. If side effects are 
observed, then the dosage may be decreased by 50%.

TSH deficiency
 Adults: Levothyroxine, initial dose, 75–125 μg/

day in most cases (in elderly, start with 25 μg/day). 
Adjust the dose based on clinical response and serum 
free T4 levels. Serum free T4 levels should be in the 
upper half of the reference range (see text).

 Children: <6  months, 8–10  μg/kg/day; 
6–12  months, 6–8 μg/kg/day; 1–5  years, 5–6 μg/kg/
day; 6–12 years, 4–5 μg/kg/day

ACTH deficiency
 Adults: Hydrocortisone two to three times a day: 

more commonly 10–15 mg early morning and 5 mg 
middle of the day; prednisolone 2.5–5.0  mg early 
morning; prednisone, 2.5–5.0  mg/day. Adjustment 
based on clinical assessment. Double or triple the oral 
dose in the case of exercise or mild febrile disease. Use 
parenteral (IV/IM) dose if vomiting or diarrhea occurs 
or if surgery is performed (hydrocortisone, 200–
300 mg/day in 3–4 divided doses). DHEA 25–50 mg/
daily as a trial in symptomatic women.

 Children: Oral hydrocortisone 10–24 mg/m2/day 
or cortisone acetate 13.5–32 mg/m2/day or predniso-
lone 3–5 mg/m2/day; dexamethasone usually avoided.

ADH deficiency
 Adults: Desmopressin, start with 5–10 mcg as a 

single dose at night before the patient goes to sleep. 
Increase until there is no nocturia (increments of 5–10 
mcg). Add a morning dose if bothersome polyuria is 
present during the day. Eventually, another dose can be 
given during the afternoon. Equivalence of nasal solu-
tion to pills, 2.5–5.0 mcg (nasal) = 0.1 mg (pill). Dose 
titration is needed if preparation is changed.

 Children (below 12  years of age): Same initial 
doses of desmopressin, but maximum daily doses are 
30 mcg (nasal) and 0.8 mg (oral).
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 ADH Deficiency

Since polyuria and nocturia impair the quality of life, 
desmopressin, a vasopressin analogue, should be given to 
most patients with DI [87]. Desmopressin is usually 
started as a single dose at night before the patient goes to 
sleep (e.g., 1 puff), which is increased until nocturia is 
controlled. A second dose (in the morning) and less com-
monly a third dose (in the afternoon) may be added as 
needed. Desmopressin is usually available as nasal spray, 
with one puff delivering 10 mcg. It is also available as a 
pill at a concentration of 0.1 mg per dose. In the inpatient 
setting, Desmopressin may also be given intravenously or 
subcutaneously at a dosage of 1–4 mcg/day in two divided 
doses.

 Hormone Replacement Therapy Interactions

A critical aspect in the management of patients with hypopi-
tuitarism is the interplay between different replacement ther-
apies. Remarkably, GH status impacts thyroid and adrenal 
replacement, and estrogen influences growth hormone 
dosages.

GH increases the conversion of T4 to T3 [37]. Hence, 
patients with combined and untreated GH and TSH deficien-
cies may show normal serum T4 levels, usually at the lower 
tertile, which masks the diagnosis of central hypothyroidism. 
Serum T4 levels fall below the normal range only after GH 
replacement in these cases [38]. On the other hand, a decrease 
in serum T4 levels after GH replacement should be evaluated 
carefully, since T3 levels usually concomitantly rise. If serum 
T4 levels fall to the mid-normal range, an increase in the dos-
age of levothyroxine is usually not necessary. Additionally, 
during concomitant GH and levothyroxine replacement ther-
apy, serum T3 measurements may help to detect thyroxine 
over-replacement [77].

In contrast to the action of GH on thyroid axis, GH 
enhances the conversion of cortisol to the biologically inac-
tive cortisone through 11β-hydroxysteroid dehydrogenase 
type 1 [88]. Therefore, GH replacement may induce gluco-
corticoid insufficiency. This effect has been observed in 
patients with multiple pituitary deficiencies [89], but not in 
patients with isolated GH deficiency [90].

Oral estrogen replacement decreases the effect of GH 
on hepatic tissue, which consequently decreases IGF-I 
levels. Thus, patients on oral estrogen should have their 
dosage of GH increased [58, 91]. Since this effect is not 
observed in patients on transdermal estrogen due to lower 
concentrations of estrogen in the liver, this mode of 
administration is usually preferred in GH-deficient 
patients.

 Long-Term Management

While radiotherapy is associated with progressive hypopitu-
itarism, in the case of a pituitary tumor, even if hypofunction 
is present before surgical treatment, pituitary function should 
be reassessed postoperatively, as nearly as 50% of pituitary 
deficiencies will resolve. Lifelong substitution therapy may 
thus not be necessary.

There is no evidence that GH replacement therapy is asso-
ciated with the development of cancer, although the associa-
tion of IGF-I levels and cancer in epidemiological studies 
has been explored. In addition, the evidence linking GH 
replacement therapy in GHD patients with the reversal of the 
highest rates of mortality observed in hypopituitarism is 
inconclusive.

More studies are needed in order to determine whether 
testosterone replacement in hypogonadal men increases the 
risk of developing or converting histological prostate cancer 
to the clinical form.

 Potential Future Therapy

The presence of stem cells in the pituitary gland, which can 
give rise to all pituitary hormone cells, implies that these 
cells can be replaced after being lost or damaged. These stem 
cells could be of great usefulness in the treatment of hypopi-
tuitarism and may also have utility in the long-term manage-
ment of pituitary deficiencies [92].
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Cushing’s Syndrome

Krystallenia I. Alexandraki and Ashley B. Grossman

 Introduction

Cushing’s syndrome (CS) results from long-standing expo-
sure to excessive circulating levels of glucocorticoids [1]. 
Recently, the prevalence of both exogenous and endogenous 
CS has shown a marked rise because of the increased use of 
glucocorticoids in several inflammatory diseases along with 
an early identification of subclinical forms of endogenous 
hypercortisolaemia. The early recognition and effective 
management of CS are of great importance as, when 
untreated, it is associated with high morbidity due to its met-
abolic abnormalities and the risk of infection resulting in 
increased mortality rates.

A florid clinical presentation makes diagnosis straightfor-
ward: when the clinical features are less obvious as in sub-
clinical (SCS) or cyclic CS (CyCS), a step-by-step approach 
may confirm or reject the diagnosis or dictate a longer close 
follow-up. Later on, specific management targeting to the 
aetiology or the symptoms of CS may follow.

This chapter will first describe the aetiology of CS and 
review certain epidemiological data and clinical features, 
followed by a suggested diagnostic and therapeutic manage-
ment paradigm.

 Aetiology

Exogenous CS includes primarily the administration of glu-
cocorticoids as medical therapy for autoimmune and derma-

tological diseases, asthma, atopic reactions, some cancers, 
and the less common iatrogenic adrenocorticotropin (ACTH) 
administration and factitious auto-administration. Any topi-
cal, inhaled, or injected corticosteroid administration has to 
be meticulously identified from the drug history [2]. Recently, 
there has been described a severe hypercortisolaemic state 
caused by the combination of anti-retroviral drugs used for 
human immunodeficiency virus (HIV) treatment and syn-
thetic glucocorticoids given for unrelated reason by several 
routes such as intraocular drops or intra-articular injection. 
This phenomenon is due to the exaggerated increase of glu-
cocorticoid concentrations after the induction of the hepatic 
enzyme CYP3A4 and P-glycoprotein export pump by the 
protease inhibitors used for HIV treatment [3, 4].

Establishing the precise cause of endogenous CS remains 
challenging since it shares many clinical features with other 
common conditions. ACTH-dependent CS (80–85%) 
includes mainly the ACTH-secreting pituitary tumours 
[Cushing’s disease (CD)] (80%) and both ectopic ACTH 
(20%) and corticotrophin-releasing hormone (CRH) (<1%) 
syndromes (ECS) [1]. Corticotroph hyperplasia has been 
also described but seems rare in large surgical series, and we 
doubt its true existence [5]. CD is mainly caused by microad-
enomas (<1  cm in diameter) and less by macroadenomas 
(5–10%), with or without extrasellar extension or invasion; 
pituitary corticotroph carcinomas defined by extra-pituitary 
metastases are extremely rare [5, 6]. The molecular patho-
genesis of corticotroph adenomas and carcinomas remains 
unknown but almost always has a monoclonal origin [7, 8], 
and around one-third show a mutation of USP8 leading to 
over-expression of the EGF receptor. On the other hand, the 
tumours that are more frequently associated with ECS are 
those arising from the lung, small-cell lung carcinoma 
(SCLC) (3.3–50%) and neuroendocrine tumours (NETs) 
such as bronchial ΝΕΤs (5–40%), but can include pancreatic 
(7.5–25%) or thymic ΝΕΤs (5–42%), phaeochromocytomas 
(5%), and medullary thyroid carcinoma (MTC) (2–8%), 
while in 12–37.5% a source cannot be identified [9]. ECS is 
mostly associated with tumours sited in the thorax and the 
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neck and in only one-third in the abdomen [10]. A further 
classification regards the identification of the primary site of 
the source of ECS [11], resulting in overt ECS when the 
tumoural source is present, covert ECS when the tumour is 
identified in a later evaluation or follow-up, and occult ECS 
when the tumoural source cannot be identified [9]. Adrenal 
rest tissue in the liver, in the adrenal beds, or in association 
with the gonads may also produce hypercortisolaemia, usu-
ally in the context of ACTH-dependent disease after adrenal-
ectomy [5].

ACTH-independent CS (20%) is caused by unilateral 
adrenocortical tumours or bilateral adrenal hyperplasia or 
dysplasia. The most common pathology is a cortisol- 
secreting adrenal adenoma (60%) or carcinoma (40%) and 
rarely ACTH-independent bilateral macronodular adrenal 
hyperplasia (BMAH), primary pigmented nodular adrenal 
disease (PPNAD) or micronodular adrenal disease (<1%) 
which may be sporadic or associated with Carney com-
plex, the bilateral nodular adrenal disease in McCune-
Albright syndrome (<1%), and constitutive activation 
ACTH receptor by a missense mutation (<1%) [1, 5]. An 
increased number of eutopic receptors or aberrant recep-
tors such as gastric inhibitory peptide (GIP) receptors has 
been found to be expressed in adrenal nodules associated 
with BMAH, resulting in the food-dependent CS where 
GIP receptors are activated after a meal causing hypercor-
tisolaemia [12]. More lately, other aberrant receptors such 
as vasopressin, β-adrenergic, luteinising hormone/human 
chorionic gonadotrophin, serotonin, angiotensin, leptin, 
glucagon, interleukin- 1, and thyroid-stimulating hormone 
(TSH) have also been described [5]. In McCune-Albright 
syndrome, adrenal dysplasia is caused by an activating 
mutation at codon 201 of the α-subunit of the G-protein 
stimulating cyclic adenosine monophosphate (cAMP) for-
mation resulting in constitutive activation of adenylate 
cyclase leading to nodule formation and hypercortisolae-
mia [13]. In PPNAD, the adrenal glands may be of small or 
normal size with cortical micronodules (2–3 mm) that may 
be dark or black in colour, mostly in the context of Carney 
complex where the tumour suppressor gene PRKAR1A 
(type 1A regulatory subunit of protein kinase A) has been 
shown to be mutated in approximately half of patients. In 
isolated cases, mutations in phosphodiesterase 11A 
(PDE11A) gene have demonstrated as well as a missense 
mutation of the ACTH receptor resulting in its constitutive 
activation, all resulting in ACTH-independent CS [5]. 
However, novel germline mutations can be documented 
such as of the armadillo repeat-containing-5 (ARMC5) 
gene, a probable tumour suppressor gene that may be asso-
ciated with clinically severe forms of CS in the case of 
macronodular adrenal hyperplasia (BMAH) [14].

Finally, it is of interest to refer to medical conditions 
mimicking clinically CS features [15] along with mild bio-
chemical evidence of hypercortisolaemia which remains 

under a physiological feedback hormonal control, so-called 
pseudo-Cushing states (PC); these entities resolve after the 
resolution of the pre-disposing condition or require a close 
follow-up if symptoms and signs increase [1]. These states 
include the metabolic syndrome, polycystic ovarian syn-
drome, severe obesity (as opposed to mild obesity where uri-
nary free cortisol may be reduced), poorly controlled 
diabetes, late pregnancy, psychiatric disorders (depression, 
anxiety disorder), alcoholism, anorexia nervosa, and gener-
alised resistance to glucocorticoids [16–19]. It is thought that 
higher brain centres stimulate CRH and/or AVP release in 
these conditions, with subsequent activation of the entire 
hypothalamo-pituitary-adrenal (HPA) axis. Thus, distin-
guishing CS from a PC state is a major clinical challenge for 
the endocrinologist since no test shows 100% diagnostic 
accuracy.

 Epidemiology

Endogenous CS seems to have an overall incidence of 2.3 
per million per year with an incidence of 1.2–1.7 per million 
per year for CD, 0.6 per million per year for adrenal adeno-
mas, and 0.2 per million per year for adrenal carcinomas, 
while other CS types are extremely rare [20]. CD is more 
common in women and between the ages of 25 and 40 years 
of age, while ECS is more common in men and usually pres-
ents one decade older than in CD after the age of 40 years 
[9]. Adrenal adenomas occur most often around 35 years of 
age and are significantly more common in women, with an 
incidence of approximately 0.6 per million per year [5]. 
Adrenal carcinoma is slightly more common in women and 
has a bimodal age distribution, with peaks in childhood (then 
often showing a germline P53 mutation) and adolescence 
and then later in life [1, 21]. Regarding BMAH, most cases 
are sporadic with a few familial cases [5].

 Key Points to the Diagnosis 
and to the Differential Diagnosis (Fig. 8.1)

The most important step for the diagnosis of CS is clinical 
suspicion along with a detailed past medical and drug history 
[1]. A vast range of signs, symptoms, and other abnormali-
ties along with a wide range in severity can be seen in CS 
(Fig. 8.1). When the presentation is florid including central 
obesity with limb wasting and muscle weakness, a plethoric 
face with hirsutism and frontal balding, and spontaneous 
bruising along with metabolic abnormalities (hypertension, 
prediabetes, or diabetes) and osteoporotic fractures, then the 
diagnosis is straightforward. Protein wasting, thin skin in the 
young, easy bruising, and proximal muscle weakness most 
reliably distinguish CS from PC. In addition, while specific 
clinical features may suggest one rather than another aetiol-
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ogy, the degree of hypercortisolaemia seems to be the major 
determinant of the clinical features rather than its duration 
[9, 11]. Severe hirsutism and virilisation strongly suggest an 
adrenal carcinoma [5]. A gradual onset of signs may be seen 
with NETs as opposed to SCLCs, which usually have a more 
rapid onset with symptoms of profound weakness, hyperpig-
mentation, little or no weight gain, and an absence of overt 
Cushingoid features, while the severity of the syndrome have 

been implicated as the cause of the more frequent presence 
of skin pigmentation and ankle oedema in SCLCs compared 
to other causes of ECS [9]. On the other hand, in ECS psy-
chiatric disorders are more prominent in NETs than with 
SCLCs [9, 22].

It is obvious that the similarity of different types of CS 
mandates the necessity for a specific step-by-step diagnostic 
work-up to resolve any diagnostic dilemma [1]. The ratio-

Clinical suspicion (Cushingoid features, MS, unexplained osteoporosis)

LDDST or l-DST NSaC (less MNC) UFCx2

Hypercortisolaemia

YES confirmed ACTH levels Low or undetectable

No but clinical supicion
high: close follow-up and
repeat

Not adequate
ACTH and
cortisol
increase; ECS

Detectable or high

CRH test

Adrenal
imaging

Bilateral
hyperplasia
(nodular) or
adenoma

Unilateral
hyperplasia
or adenoma

Pituitary imaging

Adequate ACTH and
cortisol increase: CD

CRH test
Treatment

Negative Positive

Negative Positive

Positive Negative

BIPSS ACTH-dependent CS Adrenal origin confirmed

Treatment

NegativePositive

Treatment

CT chest-neck
CT/MRI abdomen
(MRI pituitary-brain)

Nuclear
medicine scans
(±PET)

Hypokalemia
Tumor markers increased

Treatment

Fig. 8.1 Diagnostic work-up in Cushing’s syndrome. (ACTH adreno-
corticotropin, BIPSS bilateral inferior petrosal sinus sampling, CT com-
puted tomography, ECS ectopic Cushing’s syndrome, LDDST low-dose 
dexamethasone test, NSaC night salivary cortisol, MRI magnetic reso-

nance imaging, MS metabolic syndrome, MNC midnight cortisol, PET 
positron emission tomography, UFC 24 hr-urinary free cortisol, 1-DST 
1 mg overnight dexamethasone test)
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nale for the diagnostic confirmation of CS is to identify the 
loss of the specific mechanisms controlling the tightly con-
trolled hypothalamo-pituitary-adrenal (HPA) axis. In normal 
states, the HPA axis regulates cortisol secretion from the 
adrenal gland under the stimulus of ACTH from the pituitary, 
which in turn is secreted in response to CRH and vasopressin 
from the hypothalamus. Cortisol then exerts negative feed-
back control on both CRH and vasopressin in the hypothala-
mus and ACTH in the pituitary. Cortisol is also secreted in a 
circadian rhythm; levels fall during the day from a peak at 
07.00  h–08.00  h to a nadir at around midnight: they then 
begin to rise again at 02.00 h. In hypercortisolaemic states, 
the normal cortisol feedback mechanism of the HPA axis is 
distorted with loss of the normal suppression to the exoge-
nous administration of glucocorticoids, the circadian rhythm 
is lost, and overall cortisol production increases [19]. These 
considerations were in part the stimulus for the Endocrine 
Society to publish a clinical practice guideline for the diag-
nosis of CS [18]. Hypercortisolaemia must be established 
before any attempt at differential diagnosis, and this is a 
critical step since it is related to the number of the patients 
that will unnecessarily be involved in laborious and costly 
tests or that will be misdiagnosed as being considered inap-
propriately healthy but yet suffering from the long-term con-
sequences of the sustained hypercortisolism [23]. Hence, the 
initial biochemical tests should ideally have maximal sensi-
tivity rather than specificity in order to identify individuals 
with the mild forms of this rare disease; later, more specific 
tests are used to exclude false positives. This is best per-
formed by a combination of the following tests: 24-hour uri-
nary free cortisol (UFC; at least 2–3 measurements) as 
marker of increased synthesis of cortisol exceeding the bind-
ing capacity of corticosteroid binding globulin (CBG), low- 
dose dexamethasone suppression (LDDST, 0.5 mg every 6 h 
for 2 days) or 1 mg overnight dexamethasone suppression 
testing (1-DST) as marker of resistance of the HPA axis to 
glucocorticoid feedback, and assessment of midnight serum 
cortisol (MNC) or late-night salivary cortisol (NSaC) as 
markers of the loss of circadian rhythmicity [18, 24, 25]. 
These tests may not be needed when a florid and severe dis-
ease is present with massively elevated serum cortisol at any 
time or in the presence of a urinary free cortisol more than 
four times the upper limit of normal. In individuals with nor-
mal results in the initial investigation but with strong suspi-
cion or when progression is documented, or when only one 
of test results is abnormal and clinical suspicion is high, fur-
ther evaluation at a later stage is crucial to confirm or exclude 
the diagnosis [25]. It has been suggested that in these par-
ticularly difficult cases, a dexamethasone-CRH test is useful, 
but not all CS experts agree on its superiority over and above 
the standard LDDST [18]. Diagnostic tests based on a failure 
of feedback regulation were originally designed for the florid 
rather than the mild cases we now see, and the thresholds for 

serum cortisol levels have inevitably changed as the assays 
have become more sensitive. Hence, the conventional use of 
the 1-DST may still be insufficiently sensitive to detect mild 
cases of CS, particularly in CD; UFC assessment, with accu-
rate assay techniques and in compliant patients, has limited 
sensitivity, and particularly in cases of mild hypercorti-
solism, but liquid chromatography tandem-mass spectrome-
try improves the accuracy [26]. NSaC level should be the 
most sensitive indicator for CS along with MNC, but the for-
mer is clearly much more practical for screening purposes to 
detect rapid changes in the free biologically active cortisol 
concentration [24]. The salivary cortisol (SC) test may be a 
good substitute for serum cortisol in some test such as 
1-DST, LDDST, or CRH tests to differentiate CS from 
healthy subjects [25, 27]. A recent study suggested that the 
dexamethasone-CRH test and a single measurement of corti-
sol as NSaC or MNC demonstrated high diagnostic accuracy 
in differentiating CS from PC.  Recently, desmopressin 
(DDAVP) test was suggested as better distinguishing even 
mild forms of CD from PC compared to UFC, 1-DST, and 
MNC.  Overall, it is apparent from recent studies that the 
three commonly performed initial diagnostic tests for CS 
(NSaC, UFC, and 1-DST) are complementary, and their 
diagnostic performance may increase by their combination 
[24]. In specific cases some tests may be superior to others. 
In renal failure SC, post-1-DST is superior to UFC [28] as is 
the case of patients with cyclic CD (cyCD) [29], where SC 
would be most convenient to be performed immediately 
upon the ‘cycling-in’ of CS or SC testing in children to dif-
ferentiate CS from obesity as a ‘friendlier’ diagnostic tool 
for the paediatric population [30]. In patients with mild or 
cyCS, any of these tests may yield normal results and be mis-
leading. The UFC in particular, even when measured on 
repeated occasions, cannot always exclude CS. In our opin-
ion, because of the high sensitivity and ease with which 
repeated measurements can be performed, NSaC appears to 
be the most useful screening test [31]. As opposed to this, 
both NSaC and UFC have been found to be of limited clini-
cal value compared to the 1-DST in the diagnosis of mild CS 
such as the case of subclinical cortisol-secreting adenomas, 
‘autonomous cortisol secretion’ (SCSA) [32–34]. It has been 
suggested that one can exclude CS after three normal UFC 
collections, while values fourfold greater than the upper 
limit of normal can be considered diagnostic for CS [1]. 
However, small increases in cortisol production at the circa-
dian nadir may not be detected as an increase in UFC as most 
of the cortisol secreted during any 24-hour period is gener-
ally between 04.00 h and 16.00 h [35, 36], but they might 
have a small but significant increase in nighttime cortisol 
secretion. Hence, the recent guidelines for the diagnosis of 
CS suggest use of the 1-DST or MNC, rather than UFC and 
NSaC, in patients suspected of having mild CS because of an 
adrenal incidentaloma [18]. Nevertheless, the diagnosis of 
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CS should be viewed as probabilistic rather than as algorith-
mic, and except in the most obvious cases, test procedures 
have to be assessed with fine judgement.

The second step in the diagnostic cascade is to establish 
the cause of CS; plasma ACTH measurement will be either 
very low indicating an adrenal cause causing ACTH suppres-
sion or readily detectable. A plasma ACTH >20 ng/L, and 
certainly >30 ng/L, will almost immediately establish ACTH 
dependence, while levels below 10  ng/L will lead to the 
search for adrenal pathology. Values in the ‘grey zone’ are 
the most challenging since patients with both CD and adre-
nal pathologies might have intermediate values. In this situa-
tion, CRH tests (see below) with measurement of plasma 
ACTH should help differentiate between ACTH dependence 
and independence.

With readily detectable ACTH, then the patient either has 
CD or an ectopic source. Not infrequently, it is difficult to 
differentiate between them, as both are ACTH-dependent. 
The rationale for the tests used is that the corticotroph tumour 
cells in pituitary adenomas retain some responsiveness to the 
negative feedback effects of glucocorticoids, while tumours 
ectopically secreting ACTH generally do not [1, 9, 16, 19]. A 
rise in cortisol and ACTH to corticotrophin-releasing hor-
mone (CRH) test (either alone or in combination with des-
mopressin) usually suggests CD. An ACTH increase >35% 
and cortisol >20% above baseline levels are considered to be 
a specific response for CD when ovine-CRH is used [37] 
and  >105% and  >14%, respectively, when human-CRH is 
used [38]. The CRH test has a sensitivity of 94% for cortisol 
and ACTH responses, but approximately 5%–17% of patients 
with ECS respond to CRH administration [9, 19, 37, 38]. 
Using desmopressin instead of CRH, 40% false-positive 
responses were observed in patients with ECS, with a 
reported sensitivity of 77–84% and specificity 73–83% [9, 
19, 39, 40]. The high-dose dexamethasone suppression test 
(HDDST) is no longer in widespread use, but a serum corti-
sol suppression greater than 50% is considered indicative of 
CD with sensitivity of 60–100% and a specificity of 65–100% 
[19, 21, 40]; when the cut-off for serum cortisol suppression 
was >60%, this occurred in 3% of patients with ECS, and 
when it was >80%, it did not occur in any patient with EAS 
[19, 21, 40, 41].

The crucial next step to accurately identify a pituitary 
source is by direct sampling of the effluent of the pituitary by 
bilateral inferior petrosal sinus sampling (BIPSS) with CRH 
stimulation, especially as these tumours are usually microad-
enomas and may not be visible on magnetic resonance imag-
ing (MRI) [1, 19]. This may be considered as the ‘gold 
standard’ test unless there is a clear pituitary abnormality 
(macroadenoma) or if an ectopic source has been considered 
highly unlikely or the patient is too ill and requires immedi-
ate medical therapy. The criteria used to identify CD is an 
inferior petrosal sinus-to-peripheral ACTH ratio at baseline 

>2.0 and a gradient >3.0 following CRH (or desmopressin as 
a cheaper alternative) stimulation [1]. In patients with ECS, 
both ratios are expected to be <2.0, but there are reports of 
false-negative and false-positive responses, particularly 
when an adequate hypercortisolaemic state is not present [9, 
22, 42–46]. This test demands experience and should be per-
formed only in specialised centres since serious complica-
tions (stroke, perforation of the arterial wall, hematomas, 
and transitory arrhythmias) have been described [47]. As 
previously mentioned, ECS can also have a rapid onset and a 
paraneoplastic wasting syndrome which may mask hyper-
cortisol features; profound hypokalaemia and less often 
hyperglycaemia may reveal its presence. Hypokalaemia is 
related to the degree of hypercortisolaemia since cortisol acts 
as mineralocorticoid because of the enzyme 
11β-hydroxysteroid type 2. With regard to ACTH and potas-
sium levels, no cut-off limit has been defined to distinguish 
patients with ECS and CD [9] since cortisol-secreting mac-
roadenomas may share a common biochemical profile to the 
ECS [48]. Measurement of circulating tumour markers also 
has a role when ECS associated with NETs is suspected. 
Both calcitonin and gastrin have been found to be the most 
commonly elevated tumour markers, regardless of tumour 
type [9] in ECS, while calcitonin and catecholamines need to 
be measured to exclude an ECS source from MTC or a pha-
eochromocytoma, respectively. Axial imaging with thin-cut 
multislice-computed tomography (CT) of the chest and 
abdomen or with chest and pelvis MRI has the highest detec-
tion rate for ECS source identification [9, 11, 22, 49]. MRI of 
the abdomen is not used routinely because of the bowel 
movement artefact and because calcification associated with 
the primary tumour can more easily be identified on a CT 
scan; CT and MRI failure to localise the source of ECS may 
fall from 8–50% to 12.5% when an appropriate and meticu-
lous technique is used along with a close prolonged follow-
 up using additional newer imaging modalities when 
appropriate [9]. Somatostatin receptor (SSTR) scintigraphy 
may be proved helpful as ECS may be caused by small NETs 
expressing SSTRs adding supportive functional data to the 
conventional imaging techniques [9]. Positron emission 
tomography (PET) with 18-fluorodeoxyglucose (18FDG- 
PET) is rarely helpful since these tumours have usually low 
metabolic activity [50]. Whole-body PET with 11C-5- 
hydroxytryptophan has been proposed as universal imaging 
technique for NETs, in particular identifying an otherwise 
occult NET [51]. 131I- and 123I-meta-iodobenzylguanidine 
scans have been also used in NET investigation [9, 11]. 
However, recent data suggest that 68Ga-dotatate-PET/CT 
may be the most valuable in identifying a source or confirm-
ing the nature of an imaging abnormality. All these tech-
niques may also be useful in the investigation of 
ACTH-secreting pituitary carcinomas [52]. These recent 
modalities have resulted in only limited use for whole-body 
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venous catheterisation and sampling, while selective abdom-
inal angiography and endoscopic ultrasonography may be 
useful in suspicion of a pancreatic NET [53] and thyroid 
ultrasound with fine needle aspiration may be used to exclude 
or diagnose MTC [54]. More sophisticated imaging tech-
niques with limited experience such as the use of an intraop-
erative gamma counter in the management of metastatic 
ACTH-secreting bronchial carcinoids look promising [55]. 
The appearance of the adrenals on CT scanning may also 
support a diagnosis, such as the possibility of a phaeochro-
mocytoma as the ECS source; the adrenals may have a nor-
mal size in 7–25% of patients with ECS, showing moderate 
hyperplasia in 56% and marked hyperplasia in 37% com-
pared to 50% either normal or mildly enlarged adrenals in 
CD; however, macronodular hyperplasia presents similar 
rates in both clinical settings [9]. Definitive proof of an 
ACTH-dependent tumour requires complete resolution of the 
clinical and biochemical features after tumour resection or 
partial resolution after tumour debulking and/or the demon-
stration of ACTH immunohistochemical staining in the 
tumour tissue or in metastatic deposits [1, 9].

On the other hand, if ACTH is very low or undetectable, 
then the next step is imaging of the adrenals. High-resolution 
CT scanning gives the best resolution of adrenal anatomy, 
and it is accurate for masses >1 cm. A mass >5 cm in diam-
eter should be considered to be malignant until proven other-
wise [1, 9].

Less commonly, genetic testing for mutations of 
PRKAR1A may be needed to confirm Carney complex or 
ARMC5 in cases of BMAH.

Summarising international consensus statements for the 
diagnosis and differential diagnosis of CS, [18] recommend 
UFC (≥2 values), LDDST, or late night salivary cortisol (≥2 
values) to be used as the first-line screening tests. Abnormal 
results should be confirmed by an additional one of these 
tests. In patients with discordant results, second-line tests 
should be used as necessary for confirmation, or they should 
be repeated a second time if a suspicion of cyclicity/variabil-
ity has been raised. Once the diagnosis of CS is unequivocal, 
ACTH levels and CRH testing (combined with the results of 
the LDDST), together with appropriate imaging, are the 
most useful non-invasive investigations to determine the 
aetiology. BIPSS is recommended in cases of ACTH-
dependent CS where the clinical, biochemical, or radiologi-
cal results are discordant or equivocal.

 Present and Future Therapies (Fig. 8.2)

Treatment is often complex and may require the use of sur-
gery, radiotherapy, and medical management or their combi-
nation. The specific target is to normalise cortisol levels 
with a reversal of clinical features. Surgical removal of the 

tumour causing CS is the current first-line approach for all 
types of CS. Inhibitors of cortisol secretion may be required 
before surgery after the completion of the biochemical diag-
nostic work-up to reverse rapidly the metabolic conse-
quences and poor healing, in patients who cannot be 
submitted to surgical procedures, during the ‘waiting fol-
low-up period’ until the identification of a covert or occult 
tumour [53] or as alternative treatment if surgery fails [1, 
19, 56]. In cases of SCLCs, appropriate medical therapy is 
urgently instituted since prompt correction of hypercorti-
solism is necessary to minimise the side effects of myelo-
suppressive cytotoxic chemotherapy [9]. Compounds that 
target glucocorticoid synthesis (adrenal secretion inhibitors 
or adrenolytic drugs, such as metyrapone, ketoconazole, 
etomidate, mitotane, or trilostane) or function (mifepris-
tone) have been broadly used [57]. Metyrapone and keto-
conazole (either alone or in combination) are the most 
frequently used drugs and appear to be more effective and 
better tolerated than other adrenal inhibitors. Metyrapone is 
rapid in onset and highly effective, but the presence of hir-
sutism frequently precludes its long-term use. In one study 
of 195 patients with CS treated with metyrapone, there was 
a significant improvement when first evaluation and last 
review were compared [58]. A novel agent having the same 
therapeutic profile of metyrapone but displaying a threefold 
more potent and a longer half-life is osilodrostat [59]. Ιn 
one proof-of-concept study of 12 patients with moderate-to- 
severe CD, all patients achieved UFC levels within the 
upper limit of normal (ULN) or a >50% decrease from base-
line levels, while 92% obtained normalisation of UFC levels 
in a 10-week treatment [60]. In the extension phase study, 
UFC levels were normalised in 78.9% of patients at 
22 weeks [61]. Ketoconazole can be used additionally or in 
place of metyrapone, although its onset of action is rather 
slower, occurring over several days, while gynaecomastia or 
hypogonadism complicates its use in men. Levoketoconazole 
is the single 2S,4R enantiomer of ketoconazole, being 2–7 
times more potent than ketoconazole in inhibiting steroido-
genesis, possibly displaying a better safety profile being 12 
times less potent than ketoconazole to exert hepatoxicity 
[62]. In a phase I study, when administered to healthy sub-
jects, levoketoconazole (400 mg/day) reduced serum corti-
sol levels significantly by day 4, compared to placebo and 
ketoconazole; the drug was well tolerated; headache, back 
pain, and nausea were the most frequently reported AEs 
[63]. Intravenous etomidate at sub-anaesthetic doses 
remains an important option when intravenous administra-
tion is required for rapid treatment of severely ill patients 
and is almost always very effective; however, it should usu-
ally be used in an intensive care unit in the first instance. 
The published guidelines suggest a loading dose of 3–5 mg 
followed by continuous infusion of 0.03–0.10  mg/kg/h 
(2.5–3.0 mg/hr) with monitoring every 4–6 hrs to prevent 
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adrenal insufficiency achieving a stable serum cortisol level 
between 280–560  nmol/L in physiologically stressed 
patients and 150–300 nmol/l in an unstressed patient [64]. It 
should be emphasised that the 11-hydroxylase inhibitors 
such as metyrapone, osilodrostat, and etomidate all produce 
elevated levels of 11- deoxycortisol which may cross-react 
in many conventional cortisol assays. Finally, if all else 
fails, the glucocorticoid antagonist mifepristone can reduce 
the symptoms and signs of CS with most clinical responders 
receiving doses ≥600 mg/day, suggesting that higher doses 
were required to achieve optimal clinical benefit in patients 
with endogenous CS [65, 66]. Mifepristone is approved in 
the United States to control carbohydrate metabolism abnor-
malities (CHA) secondary to hypercortisolism in patients 
with CD who failed surgery or were not considered to be 

good surgical candidates, but its drawback is the absence of 
serum cortisol as a marker of efficacy [66] and the patient 
risks to become Addisonian unless care is taken; severe 
hypokalaemia may be induced (treatable with spironolac-
tone), and further evaluation of its safety and follow- up 
methodologies are needed. Mitotane might be an alterna-
tive, but the difficulty in monitoring and the adverse effects 
determine that its use be confined to the minority of patients 
who are intolerant or not responsive to the previous treat-
ments and who are unsuitable for adrenalectomy [56]. The 
concomitant administration of mitotane, metyrapone, and 
ketoconazole was proven to be an effective alternative to 
avoid adrenalectomy [67], with ketoconazole (200–600 mg/
day) and metyrapone (750–1000  mg/ day) and a median 
duration of treatment of 4 months.

ACTH-dependent Cushing’s syndrome

ACTH-independent Cushing’s syndrome

Cushing disease

Tumour resection

Tumour'resection

Ectopic Cushing’s syndrome

YES

NO

Complete resolution of the clinical and
biochemical features

Regular Follow-up

YES

NO

Complete resolution of the clinical and
biochemical features

Regular Follow-up

Repeat surgery
SSAs
Systemic chemotherapy
Interferon
Newer biological agents
Chemoembolisation
Radiofrequency ablation and external radiation therapy
 MULTIDISCIPLINARY APPROACH

ACTH-secreting adenoma
Repeat surgery
Radiotherapy (conventional or
neurosurgery)
Pasireotide
Bilateral adrenalectomy

Adrenalcarcinoma
Mitotane
Systemic chemotherapy
Radiotherapy (conventional)
Newer biological agents

ACTH-secreting carcinoma
Repeat surgery
Radiotherapy (conventional or
neurosurgery)
temozolomide±newer biological agents
Bilateral adrenalectomy

Adrenal adenoma Adrenal carcinoma

Fig. 8.2 Treatment algorithm in common types of Cushing’s syn-
drome. (ACTH adrenocorticotropin, BIPSS bilateral inferior petrosal 
sinus sampling, CT computed tomography, ECS ectopic Cushing’s syn-
drome, LDDST low-dose dexamethasone test, LNSaC late night sali-

vary cortisol, MRI magnetic resonance imaging, MS metabolic 
syndrome, MSC midnight serum cortisol, PET positron emission 
tomography, UFC 24-hr urinary free cortisol, SSAs somatostatin ana-
logues, 1-ODST 1 mg overnight dexamethasone test)
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It is equally important to manage the metabolic problems 
associated with florid CS.  Diabetes needs to be controlled 
mostly with oral antidiabetic agents but possibly requiring 
insulin with severe hyperglycaemia. Blood pressure may 
also be controlled by drug therapy; the combination of fluid 
retention and hypertension may result to cardiac failure, 
especially in the older patient. Hypokalaemia, which is seen 
in almost all patients with ECS and some 10% of patients 
with other aetiologies, may be treated by spironolactone or 
triamterene/amiloride as alternatives. The high pro- 
thrombotic state of patients with CS should be treated by 
prophylactic doses of heparin, while in severe hypercorti-
solaemia, low molecular weight heparins should be used at 
therapeutic doses, particularly since these patients are often 
bedridden or of low mobility [64]. Haloperidol may be used 
to calm the patient with psychosis, and more recently olan-
zapine has also been used. These patients are at high risk of 
sepsis, often with minimal clinical signs, and any such 
 infection bacterial, fungal, or viral must be vigorously treated 
properly as is seen in other immunosuppressed patients 
along with the management of hypercortisolemia. For this 
reason the recent guidelines recommend that clinicians may 
offer age-appropriate vaccinations such as influenza, Herpes 
zoster, and pneumococcal vaccinations to CS patients due to 
their increased risk of infection [64].

Regarding CD, currently, there is no effective medical 
therapy that directly and reliably targets the ACTH-secreting 
pituitary adenoma. Various compounds with neuromodula-
tory properties have been used to suppress ACTH secretion 
in patients with CD [56], including gamma-aminobutyric 
acid (GABA) and serotonin antagonists, but none has proven 
to be of clinical value. Nuclear hormone receptor ligands 
involved in hypothalamo-pituitary regulation have been 
tested; thiazolidinediones were proved to have no effect on 
pharmaceutical doses used in clinical practice; retinoic acid 
seems to be of clinical interest since it inhibits ACTH secre-
tion and cell proliferation both in vitro in ACTH-producing 
tumour cell lines, and cultured human corticotroph adeno-
mas, and in  vivo in nude mice [68]; a recent clinical trial 
showed only minor activity. However, dopamine agonists 
and somatostatin analogues (SSAs) have shown some prom-
ising results. Pasireotide targeting mostly both the SSTR5 
(not octreotide and lanreotide targeting the SSTR2) and the 
dopamine agonist cabergoline show therapeutic promise in 
CD. The 12-month phase 3 published study of pasireotide 
showed remission of hypercortisolaemia, as measured by 
UFC, in 15% of patients treated by 600 μg twice daily dose 
and 26% of patients on the 900  μg twice daily dose; by 
increasing the daily dose with an additional 300 μg twice 
daily, they improved to 16% and 29%, respectively [69]. It is 
of interest that 48% of patients with UFC normalisation at 
1  year remained controlled the second year [70]. Mean 
tumour volume decreased by 44% in 75 patients with an 

identifiable lesion on magnetic resonance imaging (MRI) 
treated with 900 mcg of pasireotide [69], implying an addi-
tional role as a neo-adjuvant treatment. Of note, however, 
hyperglycaemia is a major and frequent problem, and 6% of 
them discontinued the treatment; more frequent and severe 
hyperglycaemia was seen in 73% of patients treated with 
pasireotide [69] followed by the need of a glucose-lowering 
medication in 46% of patients [69]. Recently, long-acting 
releasing (LAR) intramuscular once-monthly pasireotide has 
been given in 150 patients with Cushing’s, disease randomly 
allocated to receive pasireotide 10 mg or 30 mg. Long-acting 
pasireotide normalised mUFC concentration in about 40% of 
patients with Cushing’s, implying that pasireotide LAR is 
efficacious at month 7 displaying a similar safety profile to 
that of twice-daily subcutaneous pasireotide [71]. No other 
medical therapies seem to be reliably effective currently in 
CD [72]. However, in some ECS cases, SSTRs as well as 
dopamine receptors have been identified in the primary 
tumours, and thus their agonists, alone or in combination, 
have been tried as drug therapy alone or in combination with 
inhibitors of steroidogenesis in cases of recurrence, incom-
plete resection, or occult tumours [9]. These combinations 
may also be useful in resistant CD [72].

Selective Adenomectomy Performed by Transsphenoidal 
Surgery (TSS) Remains the Optimal Treatment for 
ACTH-Secreting Pituitary Adenomas Remission rates 
range between 60% and 80% with a recurrence rate of 
10–25% after prolonged follow-up; these rates are lower and 
higher, respectively, in patients harbouring macroadenomas, 
but in experienced hands the remission rate for microadeno-
mas may approach 100%. Persistent disease might mandate 
immediate reoperation, but this appears to result in remission 
in only around 50% of cases and with a high risk of hypopi-
tuitarism [73]. When the tumour is apparent at transsphenoi-
dal exploration, a selective adenomectomy is performed, but 
when no tumour is obvious, a hemi-hypophysectomy as 
guided by the BIPSS or MRI imaged results is often the best 
course of action [74]. A postoperative concentration of corti-
sol <50 nmol/L defines cure but is not predictive of perma-
nent cure; this needs glucocorticoid replacement treatment 
until recovery of the HPA axis, i.e. when the morning corti-
sol levels or the cortisol response to an ACTH stimulation 
test is normal. Higher postoperative cortisol levels are more 
likely to be associated with failed surgery; however, cortisol 
levels may sometimes gradually decline over 4–6  weeks 
reflecting either gradual infarction of remnant tumour or 
some degree of adrenal semiautonomy [75]. It has to be 
highlighted that patients with CS undergoing surgery should 
have perioperative prophylaxis for venous thromboembo-
lism, since they bear a thrombotic risk lasting 1 year after 
hypercortisolaemia remission [64]. It should also be empha-
sised that a normalised standardised mortality rate is only 
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seen in patients with Cushing’s disease cured at their initial 
surgery.

After surgical failure, patients with cavernous sinus or 
dural invasion identified at the initial procedure may be con-
sidered for radiation therapy. Conventional fractionated 
external beam radiotherapy achieves control of hypercorti-
solaemia in 50–60% of patients within 3–5 years but with the 
risk of long-term hypopituitarism; this treatment seems more 
effective and is more rapid in onset in children. Stereotactic 
radiosurgery may also be used if there is a clear target but 
with higher than initially thought relapse rates [54]. 
Radiosurgery is not suitable for large lesions near the optic 
chiasm or optic nerves. Gamma Knife radiosurgery is the 
most popular technique achieving biochemical remission in 
about 55% [76] but can be used as salvage therapy in difficult 
tumours [77]. Radiosurgery using a proton beam has similar 
efficacy as second-line therapy [78]. Linear accelerator 
radiotherapy for CD has been reported to be of some success 
in a small number of patients [79]. As with all the forms of 
radiotherapy, new hormone deficiencies are the major draw-
back, and the appropriate replacement regimen has to 
promptly be initiated. On the other hand, TSS failure should 
prompt reevaluation of the diagnosis of CD, especially if pre-
vious diagnostic test results were indeterminate or conflict-
ing or if no tumour was found on pathological examination. 
When surgical therapy fails and severe symptoms of CS per-
sist, or when drugs are not effective or tolerated and the rapid 
control of hypercortisolaemia is crucial, bilateral adrenalec-
tomy should be considered. This option induces a rapid reso-
lution of the clinical features, but patients will need lifelong 
treatment with glucocorticoids and mineralocorticoids along 
with careful education and meticulous evaluation in their 
follow-up visits. A major concern in patients with CD is the 
development of a locally aggressive pituitary tumour, 
Nelson’s syndrome (NS), seen in 8–29%, which in turn 
might be treated with further surgery or radiotherapy to 
reduce tumour size and ameliorate hyperpigmentation [80]. 
Pituitary radiotherapy at the time of adrenalectomy has been 
considered to reduce the risk of the syndrome, but this is 
unproven [9, 17, 53]. Close monitoring with regular MRI 
scans and plasma ACTH levels should be undertaken 
3–6 months after bilateral adrenalectomy and then at regular 
intervals thereafter. A high plasma ACTH level (>1000 ng/l) 
in the year after surgery may be a predictive factor for tumour 
progression [1, 17]. Recently, pasireotide 300–600 μg  s.c. 
twice daily for a month was followed by a 6-month treatment 
with pasireotide LAR 40–60 mg monthly in seven patients 
with NS demonstrating a significant reduction of ACTH lev-
els (before the morning dose of glucocorticoids) during the 
28  weeks of treatment but without significant change in 
tumour volumes [81]. Interestingly, an acute response to a 
test dose predicted the outcome in 80% of patients. 

Temozolomide is an oral alkylating precursor of dacarbazine 
a DNA repair inhibitor showing some results in selected 
aggressive corticotroph pituitary carcinomas [82]. A temo-
zolomide response in pituitary tumours may be predicted by 
low expression of the DNA repair enzyme O6-methylguanine-
DNA-methyltransferase (MGMT) [83], but in practice the 
therapeutic response is best determined after three cycles of 
chemotherapy.

Resection of the causative tumour is the optimum treat-
ment for ectopic CS; curative resection with complete 
remission was found to be 83% with a single primary lesion, 
but overall, curative surgery was successful in only 30–47% 
[11, 22]. Unilateral or complete bilateral adrenalectomy is 
performed in 30–56% of patients with ECS when hypercor-
tisolaemia cannot be treated by other means; when medical 
treatment was ineffective, not well tolerated, or rejected by 
the patient; in young women desiring pregnancy; or when a 
source of ECS remains occult [9, 11, 22, 47]. A multidisci-
plinary, individualised approach is needed in metastatic or 
occult disease, followed by SSAs, systemic chemotherapy, 
interferon, newer biological agents, chemoembolisation, 
radiofrequency ablation, and external or peptide radiorecep-
tor radiation therapy used alone or in combination [5] to 
control tumour growth and symptoms associated with 
ECS. External radiotherapy directed to the mediastinum has 
been used for carcinoids directed to the tumour bed or to 
metastatic deposits [11, 22]. Radiofrequency ablation has 
been also used to treat hepatic metastases of NETs, and 
intraoperative ‘octreoscanning’ with a hand-held gamma 
detector probe has been proposed to increase the intraopera-
tive detection rate [55]. Chemotherapy with 5-fluorouracil, 
streptozotocin, cisplatin, etoposide, and/or adriamycin has 
also been used in metastatic NETs and SCLCs [22]. 
Hormone analogues and/or radionuclide treatment, chemo-
embolisation, and 131I-MIBG or 177Lu-octreotate treatment 
have also been used [11]. No ‘gold standard’ therapy has 
been approved when surgical and classical medical thera-
pies have failed. In the context of ectopic CS, despite 
detailed investigation, the cause of excess and unregulated 
ACTH production remains occult in 5–15% of patients, and 
these patients need meticulous follow-up for identification 
of the primary tumour [9].

Adrenalectomy is either unilateral when associated to 
adrenal adenoma or carcinoma or bilateral in cases of bilat-
eral hyperplasia or adenomas. In adrenal adenomas cure fol-
lowing surgery in skilled hands approaches 100% and is 
associated with low morbidity and mortality [84]. 
Laparoscopic adrenal removal has been shown in experi-
enced hands to be a safe procedure and in many centres has 
become the approach of choice for non-malignant disease 
[85]. Prognosis after removal of an adenoma is good. Surgical 
removal of an adrenal carcinoma can be attempted with lim-
ited lesions, but when metastatic these tumours are not very 
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radio- or chemosensitive; aggressive surgical approaches 
probably account for the increase in life span reported in this 
disease [86]. Mitotane is thought to be an effective adjuvant 
therapy [1]. Combination chemotherapy that has been more 
recently investigated includes etoposide, doxorubicin and 
cisplatin, or streptozotocin [87]. Newer biological agents are 
under investigation; recent studies emphasise how the metab-
olism of many agents can be affected by preceding mitotane 
[88, 89].

Finally, in BMAH the cortisol secretion may be controlled 
by blocking the corresponding aberrantly expressed receptor 
(propranolol for beta-adrenergic receptor, somatostatin ana-
logues for gastric inhibitory peptide receptor, leuprolide for 
luteinising hormone, etc.) [5], although surgery is usually 
preferred.

Novel inhibitors of cortisol secretion under investigation 
include doxazosin, an α1-adrenergic receptor antagonist 
[90]; gefitinib, a tyrosine kinase inhibitor (TKI) [91]; bevaci-
zumab, a monoclonal antibody that blocks vascular endothe-
lial growth factor receptor 2 (VEGFR2) [92]; R-roscovitine, 
a CDK2/cyclin E inhibitor [93]; or the selective, peptide 
melanocortin- 2 receptor antagonist, IRC-274 [94].

All patients undergoing treatment should be advised 
regarding glucocorticoid withdrawal symptoms (skin flak-
ing, fatigue, nausea, joint aches). Hypocortisolism has to be 
managed with glucocorticoid replacement therapy until the 
axis recovers, while careful advice and instructions have to 
be given both orally and written to all patients.

 Conclusions

Untreated hypercortisolaemia is associated with excess mor-
tality and increased morbidity, and therefore rapid and life- 
long control is vital. The aim of the follow-up is to restore a 
24-hour production rate of cortisol within the normal range, 
even when circadian rhythmicity has not been restored [19]. 
An individualised follow-up should be tailored to each 
patient with CS in relation to the cause and the success of the 
first-line treatment.
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Adrenal Failure

Kavinga Gunawardane and Ashley B. Grossman

 Introduction

Adrenal insufficiency results from the failure of production 
of corticosteroid hormone and/or mineralocorticoids and 
adrenal androgens. It could be due to several reasons: either 
adrenocortical disease (primary) or secondary to the lack of 
ACTH secretion from the pituitary (secondary) and/or lack 
of CRH/AVP secretion form the hypothalamus (tertiary).

Although primary adrenal insufficiency can present at any 
age, it commonly presents between 30 and 50 years of age 
and more frequently in women. The estimated incidence of 
primary adrenal insufficiency is between 4.4 and 6 new cases 
per million population per year [1, 2]. However, secondary 
adrenal insufficiency is more frequent (estimated prevalence 
of 150–280 per million), while tertiary adrenal insufficiency 
is commonly due to chronic hypothalamic suppression due 
to prolonged exogenous glucocorticoid use.

The presentation of adrenal insufficiency can be acute or 
insidious depending on the underlying aetiology. Life- 
threatening adrenal crisis is more commonly seen in primary 
disease rather than in secondary or tertiary adrenal insuffi-
ciency [3]. However, regardless of the aetiology, adrenal 
insufficiency is a life-threatening condition which poses fre-
quent challenges in diagnosis and management.

 Presentation of Adrenal Insufficiency

 1. Severe acute adrenal insufficiency or adrenal crisis.
• Hypotension and shock (>90%).
• Abdominal, flank, back or lower chest pain (86%).

• Fever (66%).
• Anorexia, nausea or vomiting (47%).
• Neuropsychiatric symptoms such as confusion or dis-

orientation (42%).
• Abdominal rigidity or rebound tenderness (22%).
• Hypoglycaemia (rare in adults, common in children).
• Sudden severe headache, loss of vision or visual field 

defect (pituitary apoplexy).
 2. Non-acute or insidious presentation.

• Chronic malaise.
• Lassitude.
• Fatigue.
• Generalised weakness.
• Anorexia.
• Weight loss.
• Nausea and vomiting, abdominal pain, diarrhoea.
• Hyperpigmentation (only in primary adrenal insuffi-

ciency, noted in sun-exposed or pressure areas, scars 
after adrenal insufficiency, buccal mucosa, palmar 
creases).

• Dizziness and postural hypotension.
• Improved blood pressure control in hypertensive 

patient.
• Salt craving (22%).
• Psychiatric manifestations.
• Vitiligo (as a marker of autoimmune disease).
• Reduced axillary and pubic hair and reduced libido in 

females (DHEA deficiency).
• Amenorrhoea (in 25% due to chronic illness, weight 

loss or associated premature ovarian failure).
• Features of other associated endocrinopathies (auto-

immune polyglandular syndrome).
• Headache, visual field defects and other features of 

pituitary hormone deficiency (secondary or tertiary 
adrenal insufficiency).
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 Biochemical Findings in Adrenal 
Insufficiency

• Hyponatraemia, 85–90% (due to cortisol deficiency).
• Hyperkalaemia, 60–65% (due to mineralocorticoid 

deficiency).
• Elevated blood urea.
• Low blood bicarbonate (metabolic acidosis in primary 

adrenal insufficiency).
• Elevated TSH with normal or low normal T4.
• Elevated ESR.
• Mild anaemia (normocytic normochromic).
• Eosinophilia.
• Mild hypercalcaemia (uncommon).

 Pathophysiology

In primary adrenal insufficiency, all three zones of the adre-
nal cortex are affected by the disease process resulting in 
inadequate glucocorticoid, mineralocorticoid and adrenal 
androgen production; this initially leads to partial adrenal 
insufficiency, manifest by inadequate cortisol responses dur-
ing stress, followed by a complete insufficiency [4]. However, 
acute insufficiency may occur due to adrenal haemorrhage or 
infarction. The clinical features appear following 90% 
destruction of the adrenal glands.

Combined glucocorticoid and mineralocorticoid defi-
ciency leads to increased urinary sodium loss and hypovo-
laemia resulting in hypotension and electrolyte imbalance 
(hyponatraemia and hyperkalaemia). In addition, appropri-
ate anti-diuretic hormone release (in this context, not inap-
propriate and thus not SIADH) and action on the renal tubule 
due to glucocorticoid deficiency contribute to the hypona-
traemia. The lack of glucocorticoid negative feedback 
increases the release of ACTH and other POMC peptides; it 
is the β-MSH sequence within ACTH which is responsible 
for the hyperpigmentation by acting on the MSH (MCR1) 
receptors in the skin [5].

Mineralocorticoid deficiency is not seen in secondary 
adrenal insufficiency, as mineralocorticoids are principally 
regulated by the plasma renin-angiotensin system. 
Hypotension in secondary adrenal insufficiency occurs due 
to decreased vascular tone as a result of reduced vascular 
responsiveness to angiotensin II and noradrenaline. ACTH 
and POMC secretion is reduced, and, unlike primary adrenal 
insufficiency, hyperpigmentation is not a feature of second-
ary adrenal insufficiency [6] (Table 9.1) [7–11].

 Diagnostic Tests (Tables 9.2 and 9.3) [12]

In the first instance, adrenal insufficiency needs to be con-
firmed with dynamic tests unless there is an Addisonian cri-
sis. The next step is differentiation of primary from secondary 
adrenal insufficiency by measuring the level of ACTH. Once 
the primary or secondary diagnosis has been established, fur-

Table 9.1 Aetiology

Causes of primary adrenal insufficiency
   Acute or insidious presentation
    Autoimmune adrenalitis or Addison’s disease (80%, in 

developed countries)
    Autoimmune polyglandular syndrome (APS1, APS2)
    Metastatic deposits from the lung, breast, kidney, etc.
     Bilateral adrenal infiltration (lymphoma, amyloidosis, 

haemochromatosis)
    Infectious adrenalitis (tuberculosis, histoplasmosis, 

cryptococcosis, CMV, HIV (up to 5% patients with AIDS))
    Infarction due to adrenal venous thrombosis (anti-phospholipid 

syndrome, heparin-induced thrombocytopenia syndrome)
    Genetic disorders
     Congenital adrenal hyperplasia (21-hydroxylase deficiency, 

11β-hydroxylase deficiency, 3β-hydroxysteroid dehydrogenase II 
deficiency, etc.)

     Adrenoleukodystrophy (X-linked disorder of very long chain 
fatty acid metabolism (VLCFAs), presents in childhood, may 
progress to severe neurological problems due to white matter 
demyelination)

     Congenital adrenal hypoplasia (X-linked, SF 1 gene linked)
     Familial glucocorticoid deficiency (types 1, 2, 3; 

mineralocorticoids usually spared).
     Congenital lipoid adrenal hyperplasia (StAR mutations)
     P450 oxidoreductase deficiency
     Genetic disorders associated with sphingolipid metabolism 

[7] (SGPL1, sphingosine-1-phosphate lyase) [8, 9]
    Bilateral adrenalectomy
    Drugs (ketoconazole, fluconazole, phenytoin, rifampicin, 

etomidate, aminoglutethimide, some novel tyrosine kinase-
targeting drugs (e.g. sunitinib)

   Acute presentation [10, 11]
    Haemorrhage (trauma, anticoagulants)
    Waterhouse-Friderichsen syndrome (meningococcal 

septicaemia)
Causes of secondary and tertiary adrenal insufficiency
   Withdrawal of exogenous glucocorticoid: Very common 

(suppression of the hypothalamo-pituitary-adrenal axis, abrupt 
withdrawal can cause adrenal crisis)

   Pituitary tumours
   Pituitary apoplexy (acute presentation)
   Pituitary surgery
   Pituitary radiotherapy
   Infiltration: Tuberculosis, sarcoidosis, Langerhans cell 

histocytosis, haemochromatosis, lymphocytic hypophysitis
   Isolated ACTH deficiency (rare)
   Trauma to the pituitary
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ther investigations, e.g. imaging and auto-antibodies or 
microbiological screening, should be arranged to identify the 
underlying cause of the adrenal insufficiency. There is no 
need to wait for the biochemical confirmation in a clear or 
suspected adrenal crisis; treatment should be initiated with-
out any delay as soon as suspected clinically. However, a 

blood sample taken at this time for cortisol and if possible 
ACTH is extremely helpful. Furthermore, simultaneous 
measurement of plasma renin and aldosterone in primary 
adrenal insufficiency to determine the presence of mineralo-
corticoid deficiency is recommended [12].

 Investigations to Establish the Underlying 
Cause of Adrenal Insufficiency

• Adrenal autoantibodies: Although measurement of auto-
antibodies against CYP21A2 can be of value, one must 
keep in mind that these tests are not standardised and are 
subjected to wide variations.

• Screening in autoimmune polyglandular syndrome (APS): In 
children with primary adrenal insufficiency, other autoim-
mune polyglandular pathologies should be considered. Other 
autoimmune markers and hormonal assays to assess autoim-
mune polyglandular syndrome are:
 – Thyroid function (autoimmune hypothyroidism).
 – Plasma glucose (diabetes mellitus type 1).
 – Serum calcium and PTH (autoimmune hypoparathy-

roidism).

Table 9.2 Investigations to confirm adrenal insufficiency

Tests Procedure
Interpretation of 
the result Comments

Short 
Synacthen test 
(SST)
(considered as 
“gold 
standard” for 
the diagnosis 
of primary 
adrenal 
insufficiency)

Take blood 
sample for 
9 a.m. cortisol 
and 9 a.m. 
ACTH level
Administer 
250 μg 
Synacthen/ 
tetracosactrin 
(ACTH) i.m. 
or i.v.
30 mins or 60 
mins later, 
collect blood 
sample for 
serum cortisol 
level

Peak cortisol 
levels below 
450 nmol/L 
(18 μg/dL) 
(assay 
dependent) at 30 
minutes indicate 
adrenal 
insufficiency 
(but note, highly 
dependent on 
cortisol assay)

Different criteria 
may apply 
according to 
cortisol assay
Recent onset 
secondary 
adrenal failure 
may produce a 
normal response
SST can be done 
at any time of 
the day
Oestrogens can 
give falsely high 
cortisol levels by 
elevating 
cortisol-binding 
globulin; 
discontinue 
oestrogen at 
least for 
4–6 weeks prior 
to the SST
If already on 
glucocorticoid 
replacement, 
omit steroid 
dose before the 
test

9 a.m. cortisol 
level

Collect serum 
cortisol level 
at 9 a.m.

9 a.m. cortisol 
<140 nmol/L 
(5 μg/dL) 
suggests adrenal 
insufficiency

Can be useful in 
recent onset 
secondary 
adrenal 
insufficiency 
(2 weeks) or if a 
corticotropin 
stimulation test 
is not feasible
In severe stress 
such as sepsis, a 
“normal” level 
may still indicate 
adrenal 
insufficiency

Random 
cortisol

Collect 
random serum 
cortisol level if 
adrenal 
insufficiency is 
suspected, 
prior to steroid 
replacement

Undetectable 
level suggests 
adrenal 
insufficiency

Not very 
reliable, unless 
very low

Table 9.3 Investigations to differentiate primary from secondary adre-
nal insufficiency [12]

Tests Procedure
Interpretation of the 
results Comments

9 a.m. 
serum 
ACTH 
level

Take venous 
blood sample 
at 9 a.m.

In patients with 
confirmed cortisol 
deficiency, a plasma 
ACTH >two-fold 
the upper limit of 
the reference range 
is consistent with 
primary adrenal 
insufficiency
Low ACTH level 
(<10 ng/L) confirms 
secondary or 
tertiary adrenal 
insufficiency

ACTH 
10–20 ng/L can 
be equivocal, 
consider long 
Synacthen test

Long 
Synacthen 
test

Take blood 
sample for 
9 a.m. cortisol 
and ACTH 
level
Administer 
1 mg depot 
Synacthen 
i.m.
Collect blood 
sample for 
serum cortisol 
level at 30, 
60, 120 min, 
4, 8, 12 and 
24 h

Progressive rise in 
cortisol response in 
secondary adrenal 
insufficiency
Little or no 
response in primary 
adrenal 
insufficiency

Useful in 
differentiating 
primary from 
secondary adrenal 
insufficiency 
when ACTH level 
is equivocal

9 Adrenal Failure
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 – Anti-parietal cell antibody, intrinsic factor antibody 
(pernicious anaemia).

 – Endomyseal antibody or tissue transglutaminase (coe-
liac disease).

 – Liver function tests (autoimmune hepatitis).

Antibodies to interferon-ω or interferon-α have a high 
diagnostic sensitivity and specificity in APS-1 [13].

• Adrenoleukodystrophy: Males who are negative to auto-
antibody screening should be screened for 
 adrenoleukodystrophy by the measurement of very long 
fatty acids [14].

• Microbial and serological tests—tuberculosis, other 
infective causes.

• CT adrenals and MRI adrenals.
 – Large adrenals with or without calcification seen in 

tuberculosis and metastatic deposits.
 – Small atrophic glands in autoimmune primary adrenal 

insufficiency, but can also be seen in chronic second-
ary adrenal insufficiency.

 – Adrenal haemorrhage and adrenal vein thrombosis 
(MRI better than CT).

• MRI pituitary and hypothalamus—secondary or tertiary 
adrenal insufficiency.

• 17-OH progesterone and 24-hour urine steroid profile 
(classic CAH, in neonates).

 Other Investigations

• Plasma renin activity, high in primary adrenal insuffi-
ciency due to mineralocorticoid deficiency.

• DHEAS (> 60 μg/dL indicate normal adrenal function).

 Differential Diagnosis

Many of the changes seen in adrenal insufficiency are non- 
specific, and it overlaps with mild depression, chronic fatigue 
syndrome and generalised malignancy or sepsis, especially 
slow-onset infections such as TB. One of the most useful dis-
criminants for Addison’s disease is the presence of hyperpig-
mentation [15], which should always be sought. For 
secondary and tertiary adrenal failure, critical features such 
as features of hypopituitarism, headache and visual failure 
must be looked for. However, it should be noted that ACTH 
deficiency is generally a feature of advanced pituitary failure 
other than in lymphocytic hypophysitis, when it may occur 
early or as an isolated endocrine feature.

 Treatment

 Management of Adrenal Crisis

This is a life-threatening medical emergency which requires 
prompt treatment with hydrocortisone and fluid replacement. 
Once clinically suspected, there should be no delay in initiat-
ing treatment pending biochemical confirmation. The man-
agement approach should be similar to the resuscitation of 
any critically ill patient.

• Maintain airway and breathing and blood pressure.
• Establish venous access with two large bore cannulae.
• Check capillary blood glucose and correct and 

hypoglycaemia.
• Collect venous blood sample for:

 – Urea and electrolytes.
 – Serum creatinine.
 – Full blood count.
 – Bicarbonate.
 – Infection screen.
 – Random cortisol, ACTH and plasma renin.

• Steroid replacements.
 – iv hydrocortisone 100  mg immediately followed by 

200 mg/d, ideally as a continuous infusion for 24 hours 
[12].

 – Hydrocortisone can be reduced to 100 mg/d, the fol-
lowing day.

 – Switch to oral hydrocortisone with a tapering dose 
(usually 20–10–10  mg) after 48  h if oral intake is 
resumed and if there is no other major illness.

 – If hydrocortisone is unavailable, prednisolone can be 
used as an alternative. Dexamethasone is the least pre-
ferred alternative and should only be given if no other 
glucocorticoid is available.

• Intravenous fluids.
 – Rapid infusion of 1000 mL isotonic saline within the 

first hour or 5% glucose in isotonic saline, followed by 
continuous iv isotonic saline guided by individual 
patient needs [12].

 – But caution should be taken in correcting chronic 
hyponatraemia (not more than 8 mmol/L in 24 h) to 
prevent central pontine myelinolysis.

 – Treatment of hyperkalaemia is advisable if potassium 
fails to fall following hydrocortisone injection.

• There is no need for fludrocortisone replacement in an 
acute crisis. The mineralocorticoid activity of high-dose 
hydrocortisone and 0.9% saline infusion are sufficient to 
correct electrolyte imbalances.
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 Management of Chronic or Insidious Onset 
of Adrenal Insufficiency

 Glucocorticoid Replacements
There are various types of cortisol replacement regimens, 
and no head-to-head comparison data are available to advo-
cate one over the other. Clinicians can make their decision 
based on the form of glucocorticoid available locally and the 
clinical need.

• Hydrocortisone.
 – Short-acting, 15–25 mg given in two to three divided 

doses.
 – The first and largest dose is given upon waking, the 

second dose after lunch, and, in case of a three-dose 
regimen, the last and smallest dose not later than 
4–6 hours before bedtime (avoid high doses in the eve-
ning, which may compromise sleep and insulin sensi-
tivity) [16].

 – This approximately mimics the endogenous glucocor-
ticoid diurnal rhythm.

 – Adequacy of replacement can be monitored with bio-
chemical testing of hydrocortisone replacement day 
curves, but most importantly seeking patient subjec-
tive feedback.

• Cortisone acetate.
 – Short-acting (but longer than hydrocortisone).
 – 25–35 mg in three divided doses: highest dose given in 

the morning on waking.
 – Metabolised in liver to active form, hydrocortisone.
 – No iv preparation.

• Prednisolone.
 – 3–5 mg on waking
 – Long-acting, once-daily dose is sufficient.
 – Some may need additional 2.5 mg in the evening.
 – Does not mimic diurnal rhythm of endogenous 

cortisol.
 – Better choice in non-compliant patients due to multi-

ple daily dose problems.
 – Cross-reacts in most cortisol assays.

• Dexamethasone.
 – Not currently recommended for replacement due to 

risk of over-replacement.

 Mineralocorticoid Replacement
• Required only in primary adrenal insufficiency.
• 50–100 mcg in adults and no restriction in their salt 

intake.

• May need to increase dose in hot weather with increased 
perspiration.

• Available in oral preparation only.
• Monitoring is based on clinical assessment (salt craving, 

postural hypotension or oedema), plasma renin and serum 
electrolytes.

 DHEA Replacement [17]
• Can be offered to women with low energy, low mood and 

lack of libido.
• Some variable evidence of benefit.
• Initially 25–50 mg daily for 3 to 6 months and continued 

if clinical response is positive.

 Modified Release Hydrocortisone

Slow-release hydrocortisone, which has a pharmacokinetic 
profile similar to the physiological levels of cortisol, is now 
available in many countries. It is taken once daily and is thus 
clearly more convenient for patients and may aid compli-
ance. The usual daily dose ranges from 20 to 30 mg, early in 
the morning. However, it is considerably more expensive 
than immediate-release hydrocortisone, and its specific 
advantages remain unclear.

 Follow-Up

The aim in follow-up is to ensure adequate physiological 
glucocorticoid and mineralocorticoid (in primary adrenal 
insufficiency) replacement and to reduce the risk of adrenal 
crisis by providing necessary education to patients.

The dose of steroids should be adjusted according to clin-
ical symptoms as well as biochemical parameters.

 Assess Glucocorticoid Replacement

• Inadequate replacement.
 – Lethargy, tiredness, especially in the morning.
 – Low serum cortisol level on cortisol day curve (useful 

for hydrocortisone or cortisone replacement only).
• Over-replacement.

 – Cushingoid appearance.
 – High 24-h urinary free cortisol.
 – High serum cortisol on hydrocortisone day curve (use-

ful for hydrocortisone or cortisone replacement only).
 – Low bone mineral density.
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 Assess Mineralocorticoid Replacement

• Inadequate replacement.
 – Postural hypotension.
 – High plasma renin activity (should be at the upper 

level of normal).
• Over-replacement.

 – Hypertension.
 – Oedema.
 – Hypokalaemia.

 Patient Education

This is crucial in the management of adrenal insufficiency. 
All patients with adrenal insufficiency should be educated 
about their condition and the emergency measures they 
should take at home to prevent adrenal crisis. This informa-
tion should be reinforced during the annual follow-up visits 
by the clinicians and, if possible, through a structured patient 
education programme.

• Steroid “sick day” rules [18].
 – Need to double the routine oral glucocorticoid dose 

when the patient experiences fever or illness requiring 
bed rest; when requiring antibiotics for an infection; or 
before a small outpatient procedure (e.g. dental work).

 – If the patient remains unwell after 24–72 h, they should 
contact the physician.

 – There should always be a supply of additional oral glu-
cocorticoids on prescription for “sick days”.

 – There is no need to increase the mineralocorticoid 
dose.

• Steroid emergency pack.
 – Every patient should be provided with this pack to 

keep at home.
 – The pack contains a vial of 100 mg hydrocortisone, a 

syringe and a needle (alternatively, also hydrocorti-
sone or prednisolone suppositories). Ideally, this 
should be in the form of a premixed injection for sim-
plified use.

 – The patient and/or any responsible family member 
should be educated to administer this medication intra-
muscularly or subcutaneously during an emergency 
situation, i.e. a severe accident, significant haemor-
rhage, fracture, unconsciousness, diarrhoea and vomit-
ing, and they should call the emergency medical 
personnel immediately.

 – The expiry date on the pack should be checked regu-
larly and replaced with a new pack if expired.

 – The patient should be advised to take the pack when 
travelling.

• Medical Alert bracelet or pendant and emergency steroid 
card.
 – Every patient should wear or carry these in which the 

diagnosis and daily medication should be clearly 
documented.

 – Reinforce education and confirm understanding during 
each follow-up visit.
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Adrenal Incidentalomas

Francisco Bandeira, Manoel Aderson Soares Filho, 
and Sérgio Ricardo de Lima Andrade

 Epidemiology

Most cases of AI are due to cortical adenomas, whose preva-
lence in large series ranges from 70 to 90%. Although inac-
tive adenoma is considered the most common adrenal lesion, 
other adrenal lesions may be functionally active, requiring 
hormonal investigation, along with subsequent medical and 
surgical treatment [1, 2] (Table 10.1).

Prevalence increases with age, especially in the fifth and 
seventh decades of life, but is regarded as uncommon in indi-
viduals with less than 40 years of age and is rare in children and 
adolescents. Hypertension, obesity, and diabetes have been fre-
quently reported, particularly in bilateral lesions, and this may 
be due to the presence of subclinical hypercortisolism [3, 4].

 Imaging Procedures

CT scan is the primary and preferred method used for evalua-
tion of adrenal glands because it is a procedure that is readily 
available while offering the highest spatial resolution. Contrast 
enhancement and deenhancement (washout) in late phases 
(15 min) are helpful to characterize the lesions; however, non-
contrast CT is often sufficient for the diagnosis of AI (Fig. 10.1).

Among the characteristics for identification of potentially 
malignant lesions, the first to be observed is the size of the 
mass. Various cut points have been proposed ranging between 
3 and 6 cm (more often 4 cm) of diameter based on the fact 
that primary carcinomas of the adrenal with measurements 
lower than these are quite rare. However, adrenal carcinomas 
of 2.5 cm have been documented, and the use of these cutoff 

limits can exclude patients harboring carcinomas that are still 
small and, therefore, offer the greatest likelihood of being able 
to be treated and cured if operated upon in early stages [5, 6].

The next, and probably the most important, aspect to be 
seen is related to the noncontrast attenuation of the lesion 
when evaluated by CT. The rationale is that adrenal adeno-
mas, due to their high content of intracellular lipids, usually 
exhibit low attenuation. In this regard, using a cutoff level of 
10 HU (Hounsfield units) or less, a sensitivity of 96–100%, 
and a specificity of 50–100% have been reported for diagnos-
ing a benign lesion [4, 7–9]. However, 40% of the benign 
lesions have a pre-contrast attenuation above 10 HU [4, 9]. 
Several authors reported high sensitivity and specificity in CT 
after using contrast. Percentage deenhancement, the so- called 
washout, of at least 60% in 15 min has been shown to be 98% 
sensitive and 92% specific for benign lesion [8] (Fig. 10.1).

Other features of benign lesions that can be evaluated by 
CT, such as regular margins and homogeneous attenuation, 
have low accuracy and are less useful in diagnosis. 
Calcifications, necrosis, and hemorrhages are atypical events 
but occur more specifically in larger lesions.

In adrenal hemorrhage, a clinical condition associated 
with sepsis, coagulation disorders, adrenal tumors (such as 
pheochromocytomas), and abdominal trauma, CT scan ini-
tially shows high density that gradually decreases as the 
hematoma subsides which may in turn become a pseudocyst. 
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Table 10.1 Etiology, prevalence, and laboratory evaluation of adrenal 
incidentalomas

Etiology
Prevalence 
(%) Laboratory screening

Nonfunctional adenoma 85 Normal
Subclinical Cushing’s 
syndrome

7 1 mg DST(serum cortisol 
>3 μ/dl)
Plasma ACTH (<5 pg/ml)

Phaeochromocytoma 3.5 24-h urine 
metanephrines>2 mg/g Cr

Hyperaldosteronism 0.7 Plasma aldosterone ≥15 ng/
dl with a APRR ≥20

Nonfunctional 
adrenocortical carcinoma

2 Normal
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Other lesions with characteristic features include cysts and 
myelolipomas. Endothelial cysts and pseudocysts are the 
most common, accounting for more than 80% of the cases. 
CT is useful in demonstrating the presence of liquid 
(hypodense) and generally thick capsules, whereas MRI 
shows hypointensity on T1 and hyperintensity on T2. Patients 
with adrenal cysts can, in some cases, benefit from fine nee-
dle aspiration (FNA) biopsy guided by ultrasound or CT for 
decompression and/or cytologic evaluation of the aspirated 
fluid. Since pseudocysts can originate from pheochromocy-
tomas, measurements of serum or urinary catecholamines or 
metanephrines are always recommended [2, 5, 6].

Myelolipomas, in turn, are benign tumors composed of 
mature adipose tissue and normal hematopoietic tissue, corre-
sponding to around 7–15% of AI cases. They are almost always 
asymptomatic lesions. Seen by CT, they appear as hypo-dense 
lesions (−40 HU), due to the presence of fat. Calcifications and 
hemorrhages may also be present [4]. Bilateral lesions occur in 
about 20% of AI cases and are usually due to metastases, gran-
ulomatous diseases, adrenal hemorrhage, or congenital adrenal 
hyperplasia. In this regard, positron emission tomography 
(PET) using 2-18F-fluoro-2-deoxy-d-glucose has been used in 
cancer patients to evaluate the possibility of adrenal metastasis 
by demonstrating increased uptake, as well as being able to 
differentiate these cases from adenomas, which may not dem-
onstrate the same uptake [8, 10].

 Fine Needle Aspiration (FNA)

This procedure is useful in cases where there is known malig-
nant disease (prior or concurrent) and suspicion that the adre-
nal nodule is metastatic [4, 6, 8, 10]. Diagnosis of metastasis 
in this situation has corresponded on average to about half the 

cases. The incidental finding of metastatic adrenal lesions in 
a patient with no clinical symptoms is considered to be rare. 
FNA should always be preceded by hormonal evaluation to 
rule out pheochromocytoma as catecholamines may be 
released with subsequent increase in blood pressure during 
the procedure. FNA should not be performed in the suspicion 
of adrenocortical carcinoma due to the risk of tumor seeding. 
FNA is now rarely necessary due to the improved accuracy of 
the emerging procedures [6, 8–10].

 Hormonal Evaluation

The prevalence of autonomous adenomas that produce cortisol 
among cases of incidentalomas is from 5 to 20%. This condition 
has been classified as possible autonomous cortisol secretion 
(PACS), formerly named anteriormente denominada subclinical 
Cushing’s syndrome (SCCS). Diagnosis can be made by a com-
bination of 1 mg dexamethasone suppression test and plasma 
ACTH concentrations. Various cutoff values for cortisol have 
been proposed ranging from 2 to 5 μg/dl [4, 8, 11].

The natural history of SCCS is not completely under-
stood. In many patients the condition does not progress, but 
in some it may evolve to clinical Cushing’s syndrome. 
Patients must be evaluated for the presence of arterial hyper-
tension, obesity, and glucose intolerance. Patients who dem-
onstrate clinical consequences attributable to cortisol excess 
are likely to benefit from surgery. In asymptomatic patients, 
conservative management is appropriate, along with clinical 
and laboratory monitoring [4].

The prevalence of primary hyperaldosteronism, as a cause 
of arterial hypertension in the general population, has been 
growing due to its increasing recognition and diagnosis, 
especially in normokalaemic patients, through routine mea-
surements of aldosterone and plasma renin activity (PARA). 
Hypertensive patients, hypokalemic or not, demonstrating 
AI should be evaluated, initially with the aldosterone-plasma 
renin activity ratio (APRR), providing a diet with normal 
amount of sodium and, if possible, stopping medications 
such as spironolactone, diuretics, and beta-blockers that may 
interfere with measurements [8, 10]. Plasma aldosterone val-
ues of more than 15 ng/dl in the presence of an APRR of 20 
or more should be considered a positive screening, and 
dynamic tests are necessary. Additional test should include 
aldosterone suppression test with 2 L of normal saline infu-
sion over 4 h followed by measurement of plasma aldoste-
rone. Oral captopril 50 mg may be given after 2 h of infusion. 
At the end of 4-h infusion, plasma aldosterone level above 
10 ng/dl confirms the diagnosis of hyperaldosteronism [4].

Pheochromocytomas comprise about 10% of AI cases. 
Many of these patients are asymptomatic, and half of them 
have arterial hypertension and adrenergic symptoms which 
may be paroxysmal. Metaiodobenzylguanidine scintigraphy 
(MIBG) has almost 100% specificity (albeit with much lower 

Fig. 10.1 A 52-year-old woman with primary hyperparathyroidism 
and hypertension had a CT scan to evaluate for renal calculi. A lesion 
(5.5 cm) in right adrenal gland was discovered. Noncontrast attenua-
tion: 39 HU. Contrast washout: 42% in 15 min
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sensitivity than MRI and CT) and can be used to confirm 
cases with positive hormonal screening. This should be done 
with measurements of plasma-free metanephrines or urinary 
fractioned metanephrines [4, 10]. Plasma catecholamines 
above 2000  pg/ml or urine norepinephrine above 100 μg/g 
urine creatinine/24 h or urine epinephrine above 10 μg/g urine 
creatinine/24 h or urine metanephrine above 2 mg/g urine cre-
atinine is suggestive of the presence of phaeochromocytoma. 
Highest specificity may be obtained with a plasma free meta-
nephrine value above 1.4 pmol/ml [1, 4, 7, 10]. If this initial 
endocrine evaluation is normal, a follow-up workup would be 
necessary only in the setting of clinical symptoms [4].

 Patient Follow-Up

The clinical evolution of AI patients who exhibit radiological 
characteristics suggesting a benign and normal hormonal pro-
file is usually favorable. Some patients (about 20%) progress 
to hormonal hyperfunction, notably clinically evident hyper-
cortisolism, or PACS and more rarely pheochromocytomas. 
In those patients with nonfunction lesion with noncontrast 
attenuation less than 10 HU, a one-time follow-up CT scan in 
12 months is recommended [7, 10]. Those with lesion less 
than 4 cm but more than 10HU should have a CT scan done 
in 3–6 months and then yearly for 2 years (Fig. 10.2a, b).

Noncontrast CT attenuation  10 HU

Non-functional Functional

Less than 4cm 4cm or more

Follow with
yearly CT and
Hormonal profile

Surgery

a

Noncontrast CT attenuation > 10 HU

Non-functional Functional

Less than 4cm 4cm or more

15-min washout of 60%
or more

15-min washout of less
than 60%

Repeat CT scan in 3-6 months Consider surgery

Surgery

Surgery

No change 0,5cm increase or more in
the largest diameter or total

growth > 20%

b

Figs. 10.2 (a and b) 
Approach to the patient with 
incidentally discovered 
adrenal mass, with low (a) 
and high (b) attenuation
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 Treatment

Most lesions can be removed by laparoscopic surgery, 
including pheochromocytomas, cortisol-producing adeno-
mas (Cushing’s syndrome), aldosteronomas, nonfunctional 
adenomas, lesions suspected of malignancy without signs of 
local invasion, and, more rarely, cysts or myelolipomas. 
Tumors larger than 10 cm in diameter should preferably be 
operated with conventional techniques due to the increased 
risk of malignancy and the greater difficulty involved in the 
laparoscopic procedure [4, 12]. Suspected malignancy 
lesions with evidence of local invasion at imaging should be 
addressed by open adrenalectomy [4].
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Endocrine Hypertension

Francisco Bandeira, Morgana Barbosa Duarte, 
and Ana Maíra Quental da Nóbrega

 Introduction

Endocrine hypertension is responsible for 5–10% of second-
ary hypertension cases and is characterized by elevated blood 
pressure levels resulting from an endocrine disorder [1]. 
Although some features may be suggestive, various patterns 
of hypertension exist in a patient with an endocrine disorder, 
including recent-onset hypertension in a previously normo-
tensive individual, loss of control of blood pressure, or labile 
blood pressure in the setting of either of these two standards. 
Most cases result from primary aldosteronism (PA) and other 
existing conditions such as pheochromocytoma (PCC) [2].

 Primary Aldosteronism

Primary aldosteronism (PA) is characterized by excessive 
production of aldosterone independent of the renin- 
angiotensin system and results in excessive activation of 
mineralocorticoid receptors [3–5]. This inappropriate pro-
duction of aldosterone leads to cardiovascular damage, 
plasma renin suppression, hypertension, sodium retention, 
and potassium excretion, which, if prolonged and severe, can 
lead to hypokalemia [5, 6]. It is estimated that 4–19% of 
patients with systemic arterial hypertension (SAH) and 
3–14% of normotensive patients may be considered as PA 
patients [6].

Conn et  al. (1955) estimated PA prevalence at approxi-
mately 10% among the hypertensive population; however, 
such estimation was never confirmed, and for decades, PA 
prevalence was found to be almost always below 1% [7]. 

However, with improved screening methodologies, PA is 
now considered as a common cause of secondary hyperten-
sion, as it accounts for more than 10% of all forms of high 
blood pressure [3]. Today, it is recognized that normocalce-
mic hypertension is the most common presentation of PA; 
hypokalemia is present in only a minority of PA patients 
(9–37%), and only 17% of patients with idiopathic hyperal-
dosteronism (IHA) present with serum potassium concentra-
tions <3.5 mmol/l. Thus, the presence of hypokalemia has 
low sensitivity for diagnosis of PA. On the other hand, the 
absence of hypokalemia has a low negative predictive value 
for diagnosis of PA [8].

 Etiology

Aldosterone-producing adenoma (APA) and bilateral IHA 
are the most common PA subtypes, accounting for about 
35% and 60% of PA cases, respectively. The much less com-
mon form, unilateral hyperplasia or primary adrenal hyper-
plasia (PAH), which accounts for 2% of cases, is caused by 
micronodular or macronodular hyperplasia of the zona glo-
merulosa of the adrenal gland. Ectopic tumors with aldoste-
rone secretion, such as ovarian or renal neoplasms, are 
extremely rare [3]. Familial hyperaldosteronism (FH) is rare 
as well, and three types of FH have been described: FH types 
I, II, and II [9].

FH type I, or glucocorticoid remediable aldosteronism 
(GRA), has autosomal dominant inheritance and is respon-
sible for 1% of PA cases [10]. The gene mutation usually 
found in patients with GRA is the fusion of the CYP11B1 
gene promoter region and the CYP11B2 gene coding 
sequences, which results in a chimeric CYP11B1/CYP11B2 
gene. Such gene mutation leads to form of hyperaldosteron-
ism wherein aldosterone hypersecretion is dependent on the 
endogenous secretion of ACTH, which subsequently acti-
vates aldosterone synthesis. GRA presentation is highly vari-
able, with some patients having normal BP and some with 
elevated aldosterone levels, suppressed plasma renin activity 
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(PRA), and early-onset hypertension, which is generally 
severe and refractory to conventional antihypertensive thera-
pies [8].

FH type II is an autosomal dominant and a possibly genet-
ically heterogeneous disorder, and, unlike FH type I, it is not 
suppressed by dexamethasone, and the GRA mutation test is 
negative [8]. Its molecular basis is unclear, although several 
binding analyses have associated FH type II with chromo-
some 7p22 [8].

FH type III was first described in a population that pre-
sented with severe hypertension in early childhood, associ-
ated with hyperaldosteronism and hypokalemia, and is 
refractory to antihypertensive therapy, thus requiring bilat-
eral adrenalectomy. Its etiology is a mutation in the KCNJ5 
gene, which encodes the potassium channel [8].

 Clinical Presentation

PA is characterized by excessive production of aldosterone, 
suppression of PRA, hypertension, hypokalemia, and alkalo-
sis. Only a few symptoms are pathognomonic for 
PA. Furthermore, its clinical manifestations gradually prog-
ress and are dependent on the degree of blood pressure eleva-
tion and in the reduction of plasma potassium concentration 

[3, 7]. Blood pressure levels are variable and tend to be 
higher in IHA than in APA. Patients with hypokalemia may 
present with muscle weakness, cramps, paresthesia, inter-
mittent paralysis, tetany, polydipsia, polyuria, nocturia, car-
diac and electrocardiographic abnormalities, and nephrogenic 
diabetes insipidus [3, 7].

A 3-year case-control study of 124 patients with PA and 
465 patients with essential hypertension (EHT) randomly 
matched for age, gender, and systolic and diastolic blood 
pressure reported that patients with PA had more cardiovas-
cular events (stroke, atrial fibrillation, and myocardial infarc-
tion) as compared to patients with EHT, regardless of blood 
pressure (BP) [11]. In addition, excess aldosterone is known 
to be associated with increased left ventricular (LV) wall 
thickness and reduced diastolic function, even in the absence 
of EHT, as observed in the study by Stowasser et al., who 
analyzed eight normotensive individuals with PA type 1 and 
24 normotensive controls [12].

 Diagnosis

The diagnosis of PA comprises of three steps: screening, 
confirmation or exclusion test, and subtype diagnosis 
(Fig. 11.1).

Patients with Hypertension that are at increased risk for HP

HP unlikely ARR to detect cases However, patient unable to proceed

Confirmatory testing

Adrenal CT

 K and renina
PAC >20 ng/dL

Treat with MR
antagonist

Treat with MR
antagonist

AVS

Bilateral Unilateral

Laparoscopic
adrenalectomy

If surgery not desired If surgery desired

Reference: The Management of Primaery Aldosteronism: Case Detection, Diagnosis, and Treatment: An Endocrine Society Clinical Practice
Guideline, 2016 HP: Primary Hiperaldosteronism / ARR: plasma aldosterone/renin ratio / PAC: plasma aldosterone concentration /
CT: computed tomography / AVS: adrenal venous sampling / MR: mineralocorticoid receptor

+

+
+

+–

–

–

Fig. 11.1 Evaluation of primary hyperaldosteronism
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 Screening

PA screening should be done in patients with 
BP >150/100 mmHg in each three measurements obtained 
on different days; BP >140/90 mmHg even when using three 
conventional antihypertensive drugs, including a diuretic; 
controlled hypertension (BP <140/90 mmHg) using four or 
more antihypertensive drugs; SAH and diuretic-induced or 
spontaneous hypokalemia; SAH and adrenal incidentaloma; 
SAH and sleep apnea; and SAH and family history of hyper-
tension, with early-onset hypertension or stroke in <40 years 
of age and in all first-degree hypertensive relatives of patients 
with PA [8].

The plasma aldosterone-to-renin ratio (ARR) is currently 
the most reliable means of PA screening, being superior to 
either potassium or aldosterone measurement (both of which 
have lower sensitivity) or isolated renin (which is less spe-
cific). Certain substances, such as spironolactone, eplere-
none, amiloride, triamterene, potassium-losing diuretics, and 
licorice root products, affect ARR measurement and should 
be discontinued for at least 4 weeks prior to collection. Salt 
intake should not be restricted, and antihypertensive drugs 
with minimal effect on aldosterone levels, such as slow- 
release verapamil, hydralazine, prazosin, doxazosin, and 
terazosin, are usually preferred [8].

Therefore, ARR can be considered as a screening test and 
should be repeated if the initial results are inconclusive, 
under suboptimal conditions, or if there is a strong PA suspi-
cion but initial results are negative. Table 11.1 presents the 
cutoff values. As ARR is mathematically and highly depen-
dent on renin, renin assays should be sufficiently sensitive to 
measure levels as low as 0.2–0.3 ng/ml/h [8].

 Confirmatory Tests

Patients with positive ARR must undergo one or more confir-
matory tests to definitively confirm or exclude the diagnosis 
of PA.  Four assays, namely, oral sodium overload, saline 
infusion, fludrocortisone suppression, and captopril tests, are 
commonly used; there is no sufficient direct evidence as to 
which of the tests is superior. Although these tests may differ 
in terms of sensitivity, specificity, and reliability, preference 
of a test is commonly determined by considering costs and 
local experience (Table 11.2) [8].

In the setting of spontaneous hypokalemia, with sup-
pressed plasma renin and plasma aldosterone concentration 
(PAC) >20 ng/dl (550 pmol/L), confirmatory test is not nec-
essary [8].

 Imaging Tests

After confirmation of PA, the patient should undergo com-
puted tomography (CT) to exclude large masses that may 
represent adrenocortical carcinoma. APA may appear as 
small hypodense nodules, usually <2  cm in diameter. In 
contrast, IHA may be normal or present as nodular 
changes. Aldosterone-producing adrenal carcinomas are 
usually greater than 4  cm in diameter. Large unilateral 

Table 11.1 Plasma aldosterone/renin ratio (ARR) cutoff values

PRA(ng/ml/h) PRA(pmol/L/min)
CAP (ng/ml) 30 1.6

2.5
CAP (pmol/L) 750 60

80

Table 11.2 Confirmatory tests for diagnosis of primary aldosteronism 
(PA)

Test Procedure Interpretation
Oral sodium 
overload

Increase sodium intake to 
>200 mmol (~ 6 g)/d for 
3 days. Receive adequate 
supplementation of 
potassium chloride. 
Measure urinary 
aldosterone in the urine 
for 24 hours from the 
morning of day 3 to the 
morning of day 4

PA is unlikely for 
urinary aldosterone 
<10 μg/24 h 
(28 nmol/d) in the 
absence of renal 
disease
Elevated urinary 
excretion of 
aldosterone 
>12 μg/24 h 
or >14 μg/24 h makes 
PH highly likely

Fludrocortisone
Suppression 
test

Administer 0.1 mg of oral 
fludrocortisone every 6 h 
for 4 days, along with 
supplements of KCl and 
NaCl. On day 4, PAC and 
PRA are measured at 10 
o’clock with the patient 
seated, and plasma cortisol 
is measured at 7 and 10 
o’clock in the morning

CAP >6 ng/dl 
(170 nmol/L) on day 4 
at 10 o’clock confirms 
PH, provided that 
PRA is <1 ng/ml/h 
and plasma cortisol 
concentration is lower 
than the value 
obtained at 7 o’clock 
in the morning.

Saline infusion 
test

Remain in the reclined 
position for at least 1 h 
before and during the 
infusion of 2 L of 0.9% 
EV saline over 4 h (start at 
8 o’clock). Collect blood 
samples for PRA, PAC, 
cortisol, and plasma 
potassium at time 0 and 
after 4 h, with BP and 
heart rate monitored 
throughout the test

Post-infusion CAP 
<5 ng/dl (140 pmol/L) 
makes the diagnosis of 
PH unlikely
Levels >10 ng/dl 
(280 nmol/L) are a 
very likely PA signal
Values between 5 and 
10 ng/dl are 
indeterminate

Captopril test Administer 25–50 mg 
captopril orally after 
sitting for at least 1 hour. 
Dosing PRA, CAP, and 
cortisol at time 0 and at 1 
or 2 h after

CAP is usually 
suppressed by 
captopril (>30%) but 
remains high in 
patients with PA and 
suppressed PRA

11 Endocrine Hypertension
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benign masses may represent a secretory adenoma of aldo-
sterone and cortisol [8].

Nevertheless, adrenal CT has several limitations. 
Radiologists may incorrectly interpret small APAs as IHA 
based on findings of bilateral nodularity or normal-appearing 
adrenals. In addition, apparent adrenal microadenomas may 
actually represent areas of nonfunctional hyperplasia or nodu-
larity; hence, unilateral adrenalectomy would be inadequate. 
In addition, nonfunctional unilateral adrenal macroadenomas 
are common, especially in patients older than 35 years, and are 
indistinguishable from APAs in CT [8].

In the study by Young et al., 203 patients with PA were 
analyzed and evaluated through CT and adrenal vein sam-
pling (AVS), wherein it was demonstrated that CT was accu-
rate in only 53% of patients. Therefore, with low CT 
accuracy, 42 patients (22%) may be incorrectly excluded as 
candidates for adrenalectomy, and 48 (25%) may have 
undergone unnecessary or inadequate surgery [13].

Magnetic resonance imaging has no advantage over CT in 
PA subtype evaluation [8].

 Adrenal Vein Sampling

Lateralization of the source of excessive aldosterone secre-
tion is fundamental in the management of HP.  AVS is the 
“gold standard” in distinguishing unilateral disease (APA or 
unilateral adrenal hyperplasia (UAH)) from bilateral disease 
(IHA) in patients with PA. In detecting excessive unilateral 
aldosterone levels, it has a sensitivity and specificity of 
around 95% and 100%, respectively, which are relatively 
higher as compared to that of adrenal CT (78% and 75%, 
respectively) [8].

Some centers perform catheterization in all patients with 
PA. However, in patients under 35 years of age with sponta-
neous hypokalemia, CAP>30 ng/dl (831 pmol/L), and soli-
tary unilateral adenoma found in CT, unilateral adrenalectomy 
can be performed without previous AVS [8].

AVS should be performed only in patients with confirmed 
PA and after CT; patients with FH types I and III should be 
excluded, and subclinical hypercortisolism should be 
excluded in aldosterone-producing adenomas greater than 
10 mm [8, 14]. Moreover, cortisol and aldosterone should be 
measured in each sample, and the patient should remain in a 
decubitus position for at least 1 hour before the procedure 
[14]. Medications that may interfere with renin-angiotensin 
system and stimulate the secretion of renin are contraindi-
cated. Therefore, α1-adrenergic receptor blockers and 
 calcium channel blockers are the preferred drugs for BP con-
trol [8].

The procedure involves the catheterization of the adrenal 
veins through percutaneous approach on the femoral vein. 
The adrenal veins are sequentially catheterized under fluo-

roscopy. The correct position of the catheter is checked by 
injecting a small volume (3 ml) of contrast and by collecting 
blood sample through slow aspiration. Cannulation of the 
left adrenal vein is relatively easy; however, the right adrenal 
vein is shorter and smaller, and it usually drains directly into 
the inferior vena cava (IVC), thus making cannulation diffi-
cult [8, 14]. As per review of 47 reports, the success rate of 
right adrenal vein cannulation in 384 patients was estimated 
to be 74%. With experience, the success rate increases to 
90–96% [8].

To determine the success of catheterization, calculation of 
the selectivity index must be carried out through the ratio 
between cortisol level measured in the adrenal vein and in 
the peripheral vein [8]. The ratio of adrenal cortisol to periph-
eral cortisol concentrations typically should be greater than 
5:1 with continuous cortrosyn infusion protocol (infusion 
50 μg/30 minutes prior to adrenal catheterization and con-
tinue throughout the procedure or infusion of 250 μg bolus) 
or greater than 3:1 under basal conditions [8]. However, 
there is no consensus on the ideal selectivity index, with 
slices between 1 and 1 at baseline, with most authors using a 
selectivity index between two and three and between two and 
ten after cortrosyn stimulation and, more commonly, between 
three and five [14]. Sampling of the adrenal vein with selec-
tivity <2 (basal) or <3 (after cortrosyn stimulation) should be 
ruled out as nondiagnostic [8].

After confirming a correct catheterization, the lateraliza-
tion index should be calculated through the aldosterone/cor-
tisol ratio. With continued administration of cortrosyn, the 
aldosterone/cortisol ratio cutoff point greater than 4:1 indi-
cates unilateral aldosterone excess, whereas a ratio of less 
than 3:1 is suggestive of bilateral aldosterone hypersecretion 
[8]. With these cutoff values, AVS has a 95% sensitivity and 
100% specificity in detecting unilateral aldosterone hyperse-
cretion (APA or UAH) [8].

Patients with 3:1 and 4:1 lateralization rates may have 
unilateral or bilateral disease. Thus, AVS results should be 
interpreted cautiously in conjunction with the clinical set-
ting, CT, and, if possible, repeat AVS. Contralateral suppres-
sion of aldosterone secretion has recently been reported as 
beneficial in the diagnosis of unilateral PA. In the absence of 
cortrosyn administration, an aldosterone/cortisol ratio 
greater than 2:1 is consistent with unilateral disease [8].

If both adrenal veins are not successfully catheterized, AVS 
may be repeated, treat the patient clinically, or consider sur-
gery. A posture stimulation test can guide in this context [8].

 Postural Test

In patients with unsuccessful AVS and with CT results indic-
ative of a unilateral adrenal mass, some experts employ the 
posture stimulation test. This test, developed in the 1970s, 
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was based on the discovery that CAP in patients with APA 
presented diurnal variation and was relatively unaffected by 
changes in angiotensin II levels, in contrast to IHA, which is 
characterized by exaggerated sensitivity to fluctuations in 
angiotensin II levels [8]. Postural test should be performed 
by collecting basal blood sample after lying down for 
40 minutes and 2 hours after in the upright position. In cases 
of APA, CAP increases by three to four times; however, in 
patients with IHA, CAP either remains unchanged or 
decreases [15].

The lack of precision of this test can be attributed to the 
fact that some APAs are sensitive to angiotensin II and that 
some patients with IHA have diurnal variation in aldosterone 
secretion [8].

 Genetic Tests

Genetic testing by Southern blot polymerase chain reaction 
or determination of the CYP11B1/CYP11B2 hybrid muta-
tion is sensitive and specific for GRA and should replace 
indirect tests such as urinary 18-oxocortisol and 
18- hydroxycortisol levels and dexamethasone suppression 
test, which may be misleading. It should be considered for 
patients with early-onset hypertension and family history of 
PA or stroke [8].

 Treatment

The aim of the treatment is to avoid the morbidity and mor-
tality associated with PA. Excess aldosterone has deleterious 
effects on the cardiovascular system, regardless of blood 
pressure levels. Studies have demonstrated PA complica-
tions, such as increased LV dimensions and myocardial 
fibrosis, increased carotid intima-media thickness and femo-
ral pulse wave velocity, and reduced endothelial function [8, 
12], and provide evidence that patients with PA are at risk of 
cardiovascular and renal complications, as compared to EHT 
patients [8, 11].

In patients with unilateral PA (APA or PAH), unilateral 
laparoscopic adrenalectomy is recommended. Serum potas-
sium levels decrease by about 100% postoperatively [16], 
and SAH is treated (BP <140/90 mmHg) without the aid of 
antihypertensive drugs in about 50% of APA patients [17]. In 
the postoperative period, aldosterone and PRA levels should 
be measured, and the antihypertensive therapy should be 
reduced if appropriate. There should be no sodium restric-
tion in the diet. In 5% of patients operated on, persistent 
hypoaldosteronism may develop, which would require 

fludrocortisone replacement therapy. Blood pressure levels 
usually decrease in 1–6  months after unilateral adrenalec-
tomy for unilateral APA, but it may continue to drop for up 
to 1 year in some patients.

If the patient does not undergo surgery, a mineralocorti-
coid receptor antagonist (MRA) should be used [8]. In the 
retrospective study by Ghose et al., 24 APA patients treated 
for 5 years with spironolactone or amiloride were analyzed; 
and it was noted that their systolic and diastolic BP decreased 
from 175/106 to 129/79 mmHg, with 83% of these patients 
requiring additional antihypertensive medication to achieve 
this result [18]. Therefore, in the long term, adrenalectomy is 
more profitable and is the therapy of choice [8].

In patients with bilateral adrenal disease (IHA, bilateral 
APA, and GRA), clinical treatment with MRAs is recom-
mended [8]. Currently, only two classes of MRAs are used: 
spironolactone (12.5 to 25  mg/day, maximum dose of 
100  mg/day) and eplerenone (25  mg twice/day). 
Spironolactone has been the agent of choice, with eplere-
none being an alternative, as it has only 50% of the potency 
of spironolactone and is more expensive. In patients with 
stage III chronic kidney disease, these drugs should be 
administered with caution due to risk of hyperkalemia; both 
drugs are contraindicated in patients with stage IV chronic 
kidney disease [8].

In patients with GRA, it is necessary to administer the 
lowest dose of glucocorticoid as the first-line treatment to 
lower ACTH levels and thus normalize BP and potassium 
levels. If BP does not normalize with the glucocorticoid 
alone, an MRA may be used as an adjunct. Administration of 
dexamethasone (0.125–0.25  mg daily) or prednisone 
(2.5–5 mg daily) is recommended before bedtime.

 Pheochromocytoma and Paraganglioma

Pheochromocytoma (PCC) and paraganglioma (PG) are 
rare neuroendocrine tumors originating from cells derived 
from the neural crest of the sympathetic and parasympa-
thetic nervous system and confer high morbidity and mor-
tality. PCC arises from the adrenal medulla, whereas PG 
is derived from extra-adrenal chromaffin cells of sympa-
thetic and parasympathetic ganglia, which are found in 
the abdomen, pelvis, thorax, head, and neck. PCCs and 
most of the thoracoabdominopelvic PGs distributed along 
the paraaortic and paravertebral axes are of sympathetic 
origin, while most of the parasympathetic PGs are found 
in the head or neck along the branches of the glossopha-
ryngeal and vagus nerves and generally do not produce 
catecholamines [19].
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 Epidemiology and Pathophysiology

PCC is a rare tumor with an annual incidence of 1–4/10 [6] 
individuals and is commonly seen with SAH, in which it is 
an uncommon cause, and is estimated in approximately 
0.1–1% of hypertensive patients. It also corresponds to 4% 
of adrenal incidentalomas [20]. Such tumors occur in any 
age group, with a mean age of diagnosis at 40 years of age, 
manifesting earlier in patients with an established mutation 
or hereditary syndrome than in patients with sporadic dis-
ease [21].

Most of the catecholamines secreted are epinephrine, nor-
epinephrine, and dopamine (Fig.  11.2). Normal adrenals 
mainly secrete epinephrine, and most PCCs predominantly 
secrete epinephrine and can produce up to 27 times more the 
normal adrenal capacity. This high rate of production causes 
accumulation of catecholamines and their metabolites, lead-
ing to the diffusion of metanephrines in the cytoplasm of 
chromaffin cells into the bloodstream. Dopamine beta- 
hydroxylase, a dopamine-converting enzyme of norepineph-
rine, may be absent in immature tumors. Therefore, the 

dominant production of dopamine indicates a greater proba-
bility of malignancy [20, 22]. Flowchart 2 demonstrates the 
synthesis cascade of catecholamines. Norepinephrine acts on 
alpha-1 adrenergic receptors, causing vasoconstriction in 
peripheral arteries and veins; on alpha-2 adrenergic receptors 
leading to coronary vasoconstriction; and on beta-1 adrener-
gic receptors causing a positive inotropic effect and stimulat-
ing renin release, resulting in increased blood pressure. 
Epinephrine acts on beta-1 adrenergic receptors as well as on 
beta-2 adrenergic receptors, promoting arterial vasodilation 
and increased secretion of norepinephrine by the sympa-
thetic ganglia [20, 22].

Recent studies suggest that up to 32% of patients with 
PCC present a mutation in the germ line in one of the known 
genes of common susceptibility (NF1, VHL, RET, SDHB, 
SDHD, and SDHC genes). A retrospective review by 
Fishbein et  al. on 139 PCC/PG patients followed at the 
University of Pennsylvania Hospital reported a global detec-
tion rate of 41% of hereditary mutation, with SDHB as the 
most commonly mutated gene, which presents a higher risk 
of malignancy [23].

FLUXOGRAMA 2: CATECHOLAMINE SYNTHESIS
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Fig. 11.2 Catecholamine synthesis pathway
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 Clinical Presentation

The clinical presentation of the PCC/PG is mainly attribut-
able to the exaggerated production of catecholamines, which 
can either be continuous or paroxysmal, presenting in a non-
specific way, and may be confused with several clinical enti-
ties [22].

The paroxysmal release of catecholamines leads to the 
classic triad: headache, sweating, and palpitation. Anesthesia 
and tumor manipulation are the most well-known triggers of 
catecholaminergic attacks, which may occur after exercise, 
change in position, and use of medications such as opioids, 
metoclopramide, and iodinated contrast [20]. Patients may 
present with dyspnea, anxiety, hyperthermia, nausea, vomit-
ing, abdominal pain, tremor, flushing, dizziness, visual 
changes, and paresthesias. The state of hypermetabolism due 
to elevated catecholamines can result in asthenia, fatigue, 
weight loss, and intestinal changes [20, 24].

The cardiovascular system is especially affected, with 
hypertension being the most common cardiovascular mani-
festation. It can present in two ways: sustained hypertension, 
in which the tumor preferentially produces norepinephrine, 
or paroxysmal hypertension, wherein the mainly produced 
hormone is epinephrine. Arrhythmias, myocardial or periph-
eral ischemia, aortic dissection, hypotension due to reduced 
venous return secondary to prolonged vasoconstriction and 
shock, and irreversible myocardial fibrosis may occur if 
chronic exposure to the adrenergic stimulus occurs [20, 22]. 
In more extreme situations, the multisystemic crisis charac-
terized by hemodynamic instability with eventual hemody-
namic collapse, encephalopathy, hyperthermia, and multiple 
organ failure may occur [22].

Table 11.3 demonstrates the frequency of signs and symp-
toms of patients with PCC/PG.

 Laboratory Tests

Plasma free metanephrine measurement is the initial screen-
ing approach for the diagnosis of PCC, with a sensitivity of 
96–100% and specificity of 89–98%. The upper limit of nor-
mality can be elevated in 80% of the patients with PCC/PG 
by three to four times, leading to the diagnosis of this dis-
ease. Moreover, a value within the normal range excludes the 
diagnosis. Measurement of 24-hour urinary free metaneph-
rine confirms serum elevations of plasma metabolites, but it 
has slightly lower sensitivity and specificity (86–97% and 
86–95%, respectively); it is indicated in cases of discrete 
elevations in the plasma test [25].

False-positive results may occur secondary to the use of 
medications such as tricyclic antidepressants, beta blockers, 
monoamine oxidase inhibitors, calcium channel inhibitors, 
phenoxybenzamine, etc. In these situations, the suppression 
test can be performed with clonidine (300 ug/70  kg) and 
serum normetanephrine dosage 3  hours later. Persistently 
high metanephrine levels after administration of the medica-
tion suggests the diagnosis of PCC, while the 50% reduction 
in metanephrine levels after the test is defined as false- 
positive, with sensitivity of 97% and specificity of 100% [25, 
26]. It is recommended to measure metanephrines through 
liquid chromatography with electrochemical or fluorometric 
detection, liquid chromatography with tandem mass spec-
trometry, or immunoassay methods [26].

Chromogranin A is a polypeptide secreted by chromaffin 
cells and is found in 91% of PCC/PG carriers. Although it is 
a nonspecific marker of neuroendocrine tumors, in some 
patients, it may be a valuable marker for disease monitoring. 
When combined with the measurement of serum catechol-
amine levels, the diagnostic sensitivity of PCC may be as 
close to 100% [27]. Studies suggest that metoxiquimine, a 

Table 11.3 Frequency of signs and symptoms in patients with PCC/PG

Signs Frequency Symptoms Frequency
Hypertension
   Sustained
   Paroxysmal

++++
++
++

Headache ++++

Postural hypotension + Palpitation ++++
Tachycardia or reflex bradycardia +++ Anxiety/nervousness +++
Excessive sweating ++++ Tremors ++
Pallidness ++ Fatigue ++
Flushing + Nausea/vomiting +
Weight loss + Chest/abdominal pain +
Fasting hyperglycemia ++ Dizziness +
Decreased bowel motility + Constipation (rarely diarrhea) +
Tachypnea + Paresthesia +
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dopamine metabolite, may be useful in the detection of 
tumors that exclusively produce dopamine and may serve as 
a marker of malignancy [27].

 Imaging Tests

Contrast CT and abdominal MRI confer similar sensitivities 
for the diagnosis of PCC/PG, with abdominal and pelvic CT 
being the first option. However, MRI may be more capable 
of detecting extra-adrenal tumors [26, 27]. In CT, the tumors 
may appear as homogeneous or heterogeneous, with necrotic, 
calcified, solid areas, aside from cystic areas. It presents an 
average attenuation of more than 10 units of Hounsfield in 
87–100% of cases and, occasionally, a washout greater than 
60% in the contrast phase [26, 27].

In MRI, tumors usually appear with T2-weighted hyper-
signal lesions, although cystic and necrotic components may 
affect the classic appearance. In T1-weighted images, the 
PCC is isointense to the muscle and is relatively less intense 
than the liver [25, 27].

MIBG (metaiodobenzylguanidine) scintigraphy assists in 
the detection of primary or metastatic tumors that may not be 
identified in CT/MRI. False-negative results occur in extra- 
adrenal tumors or are associated with SDHB mutation. 
Medications, such as antihypertensives, tricyclic antidepres-
sants, and opioids, can affect MIBG absorption and lead to 
false-negative results. Scintigraphy with pentetreotide 
(Octreoscan) explores the somatostatin receptors present in 
the PCC/PG cell membrane, which is important in the evalu-
ation of metastases or in carriers of SDHB mutation [27].

Positron emission tomography (PET) has recently become 
widely used in the PCC/PG field because of its sensitivity, as 
well as its ability to quantify tracer’s absorption and some 
aspect of tumor metabolism. The most widely used marker is 
fluorodeoxyglucose (FDG), which is a glucose analogue. 
This technique is particularly valuable for patients with 
DHBG mutation or other metastatic diseases. However, FDG 
is not specific for PCC and may present with positive results 
for other tumors [27].

Other more specific tracers for neuroendocrine tumors 
have been developed but are not yet fully disseminated. 
Fluorodopa is an amino acid analogue and catecholamine 
precursor that is specific for neuroendocrine tumors. FDOPA- 
PET is extremely sensitive to PGs of the head and neck. It is 
still particularly effective for patients with biochemically 
silent SDHB and/or PCC/PG mutation. Fluorodopamine 
(FDA) is a marker similar to dopamine and is absorbed by 
norepinephrine transporters. FDA-PET is particularly useful 
in the identification of abdominal tumors, with a greater sen-
sitivity than MIBG or Octreoscan. It also proves to be a valu-
able modality for patients with metastatic tumors [27, 28].

 Genetic Tests

Genetic tests should be considered in all patients and are 
strongly indicated for specific patients, such as those with a 
positive family history of PCC/PG or genetic mutations that 
increase tumor susceptibility, as well as in those patients 
with genetic syndromes or metastatic tumors. It is advisable 
to perform these tests in individuals with risk factors for 
underlying mutation: young, with multifocal or bilateral 
adrenal tumors, and paraganglioma carriers. Genetic muta-
tion screening in these patients can result in early detection 
of the tumor and allow a more personalized approach, there-
fore reducing morbidity and improving the survival of 
affected patients [23, 28, 29]. Depending on the characteris-
tics associated with each mutation, one can establish the 
order of the genes to be tested, as shown in Fig. 11.3.

 Treatment

 Preoperative Clinical Management

The clinical treatment of the PCC/PG aims at controlling the 
blood pressure and alleviating the symptoms and reducing 
risk of hypertensive crises and other cardiovascular compli-
cations that may occur during the perioperative period [28]. 
Alpha-adrenergic receptor blockers are indicated as first-line 
medications. However, there is no consensus yet on the use 
of selective or nonselective alpha blockers, with phenoxy-
benzamine as the most commonly used long-acting nonse-
lective blocker. Doxazosin and prazosin, which are selective 
blockers with comparable efficacies, are also used [22, 26, 
28]. The calcium channel blocker has been used as additional 
drug for BP optimization. Some studies suggested the use of 
this class as monotherapy, but this practice is not indicated 
unless the patient has a mild hypertensive condition or pres-
ents with severe orthotropic hypotension with the use of 
alpha blockers [26, 28].

Administration of beta blockers is indicated for heart rate 
control but only after the initiation of alpha blockers to avoid 
hypertensive crisis due to unopposed stimulation of alpha 
adrenergic receptors. There is no consensus on the use of 
beta-selective or nonselective beta blockers. However, it is 
advised to avoid labetalol as initial therapy, because, despite 
having both alpha and beta inhibition capabilities, the beta 
blocker effect is predominant and may result in paradoxical 
hypertension [26].

Alpha-methylparatyrosine (metyrosine) inhibits the syn-
thesis of catecholamines and may be used in combination 
with alpha blockers for a short time in the preoperative 
period for a more optimal hemodynamic stabilization and 
reduction of intraoperative volume depletion. It is recom-
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mended to start clinical treatment 7–14 days before the sur-
gical procedure [26, 28].

The main medications used and their dosages are pre-
sented in Table 11.4.

 Perioperative Management

Surgical resection is the definitive treatment for 
PCC. Laparoscopic adrenalectomy is the technique of choice 
when feasible. It can be performed by two different approaches: 
transperitoneal approach, which is considered for larger masses 
and obese patients, and retroperitoneal route, which is a more 
recent approach in which the patient is in the inclined or lateral 
position and is preferable for bilateral tumors. Both modalities 
are considered safe, and the decision depends on the experi-
ence and preference of the surgeon [30]. For tumors greater 
than 6 cm, this modality can still be used, although there is a 
possibility of conversion to open surgery intraoperatively [22].

For multiple, metastatic, or recurrent tumors, open sur-
gery confers a greater likelihood of complete tumor removal 
and is thus preferable [30]. Robotic assistance can also be 
used, with a similar success rate [27]. In some patients 
wherein surgery cannot be performed, tumors in accessible 
locations can be managed through radiofrequency [27].

 Follow-Up

There are currently no validated reliable histopathological 
criteria that can predict malignancy or risk of primary tumor 
metastasis; hence, long-term follow-up with laboratory and 
imaging tests is necessary [27]. In this way, a tumor is con-
sidered malignant when at follow-up, lymph node metastasis 
or metastasis to distant sites is detected [19].

Screening for metastatic tumors with CT or PET is rec-
ommended for patients with PG, PCC patients with elevated 
levels of serum or urinary 3-methoxytyramine (3MT), or 

FLUXOGRAMA 3: DECISIONAL FLOW-CHART FOR GENETIC TESTING IN PATIENTS WITH A PROVEN FCC/PGG

 Reference: The clinical genetics of phaeochromocytoma and paraganglioma.
Arch Endocrinal Metab.2017
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Fig. 11.3 Genetic testing in pheochromocytoma and paragangliomas
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even SDHB gene mutation carriers. In addition, all patients 
with PG should undergo genetic testing.

Chromogranin A should be evaluated preoperatively in 
patients with adequate levels of plasma or urine metaneph-
rine, as well as adequate levels of 3MT [19]. Measurement of 
plasma or urinary metanephrine and 3MT should be done 
within 2–6 weeks postoperatively, followed by annual evalu-
ations for patients who had alterations in these markers prior 
to surgery. For individuals with normal values of such mark-
ers and elevated levels of chromogranin A, it is recommended 
that the measurement be performed within 2–6 weeks post-
operatively, with a subsequent annual evaluation. Patients 
with SDHB mutation may have normal metanephrine level 
and elevated plasma chromogranin A level [19].

Imaging tests should be performed 3 months after com-
plete surgery in patients who had postoperatively altered 
metanephrines or 3MT or in patients without preoperative 
exams [19]. It is suggested to follow these patients for at 
least 10  years, with consultations every 1–2  years for 
relapse surveillance or detection of new tumors. For high-
risk patients (young, with genetic disease, large tumor, and 
diagnosed with PG), lifetime annual follow-up should be 
offered [19].

 Treatment of Malignant Pheochromocytoma

For patients with metastatic disease, chemotherapy (QT) 
may be helpful in relieving symptoms and in disrupting or 
even reducing the rate of tumor growth. Although no QT 
regimen showed long-term efficacy, some can maintain the 
disease state for an extended period, improving the survival 
and quality of life of patients [27]. Traditional QT with 
cyclophosphamide, vincristine, and dacarbazine has been 

widely used and remains one of the most effective treatments 
for metastatic disease [27].

New drugs have been studied for treatment of metastatic 
PCC/PG and showed promising effects. Studies have sug-
gested that sunitinib, a tyrosine kinase inhibitor blocking 
angiogenesis, directly inhibits the synthesis of catechol-
amines; however, data on tumor size reduction, symptom 
alleviation, and metabolic activity are conflicting [27].

External beam radiation can be used for inoperable 
tumors, palliatively, symptom reduction and is particularly 
useful for bone metastases. They may also be considered for 
nonresectable head and neck PG [27]. For patients with posi-
tive MIBG scintigraphy, radiotherapy may be a valuable 
treatment option, requiring a recent scan of MIBG tumors to 
determine the degree of absorption. The therapy is based on 
the emission of beta particles, as the radioactive compound is 
absorbed by the tumor cells, leading to their destruction [27].

A better understanding of the pathogenesis of PCC/PG 
has led to significant progress in this field. However, success-
ful long-term treatments for patients with metastatic disease 
are still yet to be determined [27].
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Hirsutism and Virilization

Alessandra Gambineri, Antonio Balsamo, 
and Renato Pasquali

 Epidemiology of Hirsutism and Virilization

Hirsutism is one of the commonest medical complaints 
among women of reproductive age [1]. The actual prevalence 
of hirsutism in adults ranges from 3 to 15% in Blacks and 
Whites [2–5] but is somewhat lower in Asians (1–3%) [6].

Recent epidemiological surveys have added data concerning 
hirsutism restricted to adolescence and youth and demonstrated 
that this condition is still very frequent from the post-menarchal 
years, with a prevalence ranging from 8 to 13% [7–9].

At variance, virilization is a rare condition, but it may pres-
ent from prenatal to adult life, involving also the neonatal, pre-
pubertal, and adolescent periods with a prevalence varying with 
the cause and the date of appearance of the disorder. In par-
ticular, the most frequent causes of virilization in the prenatal/
neonatal periods of life are some monogenic enzymatic adrenal 
deficiencies, CCAH, due to 21- hydroxylase, 11-hydroxylase, 
3β-hydroxysteroid- dehydrogenase, P450-oxidoreductase, or 
aromatase defects [10, 11] that have an overall prevalence of 
about 1:20,000 female newborns per year. The prevalence of 
virilization decreases switching to prepubertal, pubertal, and 
adolescent periods, where the principal cause is represented by 
rare adrenocortical tumors, whose worldwide annual incidence 
ranges from 0.3 to 0.38 per million children below the age of 
15  years [12–15]. In adults, the prevalence of virilization is 
even more rare, being mainly caused by rare forms of ovarian 
androgen-secreting tumors, the sex cord-stromal tumors, that 
account for less than 0.5% of all ovarian neoplasms [16].

 Etiology of Hirsutism and Virilization

Functional causes account for most of cases of hirsutism. 
They include polycystic ovary syndrome (PCOS), idiopathic 
hyperandrogenism, and idiopathic hirsutism. PCOS, the 
most common cause of hirsutism, is characterized by the 
combination of hirsutism and/or biochemical hyperan-
drogenism with anovulatory cycles and/or polycystic ovarian 
morphology [17]. Idiopathic hyperandrogenism is character-
ized by the combination of hirsutism with biochemical 
hyperandrogenism but normal ovulatory cycles and normal 
ovarian morphology [18]; idiopathic hirsutism is character-
ized by hirsutism in the presence of normal androgens, ovu-
latory cycles, and normal ovaries [19].

Less common but an important cause of hirsutism are dif-
ferent forms of non-classic congenital adrenal hyperplasia 
(NCCAH), mainly represented by 21-hydroxylase defi-
ciency, while adrenal or ovarian androgen-secreting tumors, 
gestational hyperandrogenism, drug-induced hirsutism, 
ovarian hyperthecosis, Cushing’s syndrome, acromegaly, 
hypothyroidism, and hyperprolactinemia are very uncom-
mon but should always be considered in the diagnostic 
approach to hirsutism [2].

The latter causes become much more consistent when vir-
ilism is present. The more frequent causes of virilization 
according to age of onset are shown in Table 12.1.

 Pathophysiology of Hirsutism 
and Virilization

There are three structural types of hair on the human body: 
lanugo is a soft hair that covers the skin of the fetus but dis-
appears soon after the birth; vellus is a soft hair, usually non-
pigmented and with a diameter less than 0.03 mm covering 
much of the body in men and women; and terminal hair is 
longer, pigmented, and coarser in texture and with different 
extents of expression in men and women. In particular, 
females have terminal hairs only in the eyebrows, eyelashes, 
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scalp, pubis, and axillae [20]. Hair arises from a complex and 
highly dynamic structure—the hair follicle, which consists 
of several components and has a rhythmic growth cycle [21]. 
The hair follicle growth cycle is made up of three major 
phases: anagen (a stage of rapid growth), telogen (a stage of 
relative quiescence), and catagen (apoptosis-mediated 
regression) [22]. Hirsutism follows an alteration of the hair 
follicle cycle, in particular a prolongation of the anagen 
phase with a consequent transformation of vellus into termi-
nal hairs. This alteration appears under the effect of andro-
gens that are triggered and involved in the regulation of 
growth of sexual hair. Androgens active on hair follicle are 
testosterone (T) and dihydrotestosterone (DHT), which may 
be generated via a de novo synthetic pathway from choles-
terol and/or via a shortcut pathway from circulating dehydro-
epiandrosterone sulfate (DHEA-S) [23]. Cutaneous 
testosterone may arrive from the circulation, principally syn-
thesized in the adrenals and ovaries, and/or may be locally 
generated, since hair follicles are equipped with all the nec-
essary enzymes for biosynthesis and metabolism of andro-
gens [23]. DHT is almost entirely synthesized locally in a 
step catalyzed by the enzyme 5α-reductase [24]. Therefore, 
circulating androgen levels do not quantify the real exposure 
of hair follicle to androgens, since a quota is locally gener-
ated. Furthermore, cutaneous androgen effects also depend 
on the local expression and activity of the androgen receptor 
[22]. This justifies why the severity of hirsutism is always 
not correlated with circulating androgen concentrations.

Similarly, virilization results from the interaction between 
androgen concentration and local sensitivity to androgens. 
However, virilization also results from an excessive wide-

spread exposure to androgens (mainly T and DHT), involv-
ing not only hair follicles but also sebaceous glands, muscle 
mass, adipose tissue, and external genitalia. Similar to hir-
sutism, also for virilization the source of androgens is mainly 
represented by the adrenals (from prenatal to prepubertal 
periods) and ovaries (after puberty until menopause), but a 
quota is peripherally or locally synthesized [25, 26]. The 
most deleterious effect of hyperandrogenism in females is 
certainly when it appears in the prenatal period, because it 
may cause ambiguous external genitalia [27].

At the start of life, in fact, the external genitalia are identi-
cal, regardless of the genetic or gonadal sex, and consist of 
the genital tubercle, the urogenital folds, and the genital 
swellings (Fig. 12.1a). In a normal female fetus, when andro-
genic effects are lacking, the genital tubercle forms a clitoris, 
and the urethral folds and the genital swellings develop into 
the labia minora and majora, respectively (Fig.  12.1a, left 
side) [28]. On the contrary, when hyperandrogenism takes 
place in utero, such as in a 46,XX fetus affected by CCAH, 
male genital differentiation occurs due to the elevated 
amounts of adrenal testosterone, which is produced from the 
seventh to eighth week of gestation. In this case the genital 
tubercle grows into a penis, the urethral folds fuse to create a 
tubular penile urethra with the tendency of the meatus to 
locate at the tip of the penis, and the genital swellings join to 
form a scrotum (Fig. 12.1a; right side). In cases of milder 
androgen exposure (before the 14th week of gestational age), 
the posterior labial fusion results in an increased anal-genital 
distance (Fig. 12.1b). Since internal genitalia are not sensi-
tive to androgens, the uterus, fallopian tubes, and the upper 
part of the vagina develop normally.

Table 12.1 Causes of female virilization according to age

Age Adrenals Ovaries Others
Prenatal/neonatal 46,XX CCAH: Maternal androgenizing tumors Maternal drugs
Prepubertal 46,XX NCCAH

Adrenal adenomas
Adrenal carcinomas
Adrenal hyperplasia
11β-HSD1 deficiency

Androgen-producing tumors (sex cord stromal; 
gonadoblastoma)

Pubertal/
adolescence

Adrenal adenomas
Adrenal carcinomas
Adrenal hyperplasia
Cushing’s syndrome

Androgen-producing tumors (sex cord stromal; 
gonadoblastoma)

Hyperprolactinemia

Adult Adrenal adenomas
Adrenal carcinomas
Adrenal hyperplasia
Cushing’s syndrome

Androgen-producing tumors (sex cord stromal)
Hyperthecosis

Hyperprolactinemia
Exogenous DHEA 
intake

Pregnancy Maternal adenomas/
carcinomas

Luteoma Placental aromatase 
deficiency
Fetal PORD

Post-menopausal Adrenal adenomas
Adrenal carcinomas

Androgen-producing tumors (sex cord stromal)
Hyperthecosis

CCAH classic congenital adrenal hyperplasia, NCCAH non-classic congenital adrenal hyperplasia, 11β-HSD1 11β-hydroxysteroid dehydrogenase 
type 1, PORD cytochrome P450 oxidoreductase deficiency
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Fig. 12.1 (a) External genitalia development in females and males; (b) anal-genital distance
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 Key Points to the Diagnosis of Hirsutism 
and Virilization

The diagnosis of hirsutism and virilization is based on the 
quantification of the problem and on the definition of the eti-
ology. The quantification of hirsutism or virilization is 
obtained by a physical exam through the use of subjective 
and objective methods. The establishment of the most prob-
able etiology is based on clinical history (age of onset and 
rapidity of progression), hormone profile, and, in some cases, 
genetic analysis.

 Physical Examination

The quantification of hirsutism in women can be obtained 
through objective and subjective methods. Objective meth-
ods, such as photographic evaluations, weighing of shaved or 
plucked hairs, and microscopic measurements, are reliable. 
However, the complexity and high cost of most of these 
methods limit their use in clinical practice [29]. Recently, a 
practical and low-cost objective technique for the evaluation 
of hirsutism has been proposed, the videodermoscopy, which 
is able to quantify the number and the density of hair follicles 
in selected androgen-dependent skin areas [30]. More stud-
ies are needed to validate this interesting and objective 
method and to justify the substitution of the widespread used 
subjective methods for the evaluation of hirsutism. Subjective 
methods mainly refer to visually scoring terminal hairs in 

specified areas. These methods have the advantage of being 
easy, convenient, cheap, and fast; however, they are subject 
to some interobserver variation. This limitation can be drasti-
cally reduced if the visual score is applied by trained physi-
cians at least 3 months after the use of laser or electrolysis, at 
least 4 weeks after depilation or waxing, and at least 5 days 
after shaving and if the number of examiners is minimized 
[29]. Of the visual scores available, the modified Ferriman- 
Gallwey (mFG) score has now become the gold standard for 
the evaluation of hirsutism [31]. This method applies a simi-
lar 0–4 scale to nine body areas (upper lip, chin, chest, upper 
and lower back, upper and lower abdomen, arm, forearm, 
thigh, and lower leg) that appear to be the best areas indica-
tive of the action of androgens on the female hair follicle 
[29]. There are actually two open questions related to the 
interpretation of the mFG score. The first is the cutoff value 
to be used to diagnose the presence of hirsutism. The second 
is what interpretation to give to hirsutism predominantly 
localized on the face with respect to hirsutism predominantly 
localized on the trunk or arms and what interpretation to give 
to the presence of terminal hairs selectively on the face in the 
absence of an mFG score indicative of hirsutism. The 
Androgen Excess and Polycystic Ovary Syndrome Society 
recently issued recommendations regarding the cutoff value 
of the mFG score to be applied. The Society recommends 
adapting the cutoff to the race and ethnicity of the population 
to which it is applied and, if this value is unavailable, using a 
cutoff value of 8 or above for White, Black, and Southeast 
Asian women and a cutoff of 3 or above for Far-East Asian 
women [21]. Given the importance of the topic in both clini-
cal practice and scientific research, how to define hirsutism 
requires more intensive research, possibly involving derma-
tologists and with the help of new technologies. In addition, 
other factors should be considered in defining cutoff points, 
including age (i.e., pediatric versus adult age) and, as 
reported above, how the presence of terminal hairs selec-
tively on the face should be evaluated with respect to body 
hair. In fact, this often represents a major complaint in 
women with borderline hirsutism mFG scores, irrespective 
of age, social condition, and health problems.

The clinical evaluation of virilization is based on genital 
Prader staging (Fig. 12.2) and anogenital distance (Fig. 12.1b) 
in newborns and on a complete physical examination (evalu-
ation of the presence or absence of palpable gonads, mea-
surement of phallus length, urethral opening identification, 
presence or absence of a vagina, presence or absence of 
 clitoral hypertrophy) thereafter. When virilization is clini-
cally suspected, the diagnosis usually needs to be confirmed 
by imaging such as abdominal/pelvic ultrasound, genitoure-
throgram, and, if necessary, MRI.

• AF= anal-posterior forket fusion distance
• AC= anal-clitoridal basis distance
• AF/AC= anal-genital distance (v.n. 0.37±0.07)
• AF/AC >0.5 = index of prenatal androgen exposition.

AC

AF

b

Fig. 12.1 (continued)
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 Hormone Profile

As previously mentioned, hirsutism and virilization are 
markers of excessive tissue exposure to androgen action, 
which results from the interaction between local androgen 
concentration and tissue sensitivity to androgens. Therefore, 
the diagnosis of hirsutism and virilization does not necessar-
ily reflect high circulating androgen levels. This means that 
serum androgen measurements are often not sufficient to 
diagnose the presence of hirsutism or virilization, or to estab-
lish their severity, although they are extremely useful to 
define the etiology. However, the assay performance of the 
analytical methods used to measure androgens in the circula-
tion has to be seriously taken into account for the correct 
interpretation of the results. The performance of modern 
immunoassay methods in terms of specificity and accuracy is 
poor, particularly for some androgens (17OH-progesterone, 
androstenedione, DHEA) and for low circulating concentra-
tions, such as those enriched by testosterone in prepuberty 
and in the normal adult female range (<1 ng/mL) [32]. In 
addition, immunoassay methods routinely used are unable to 
measure some androgens that could impact the clinical 
expression of hyperandrogenism in terms of hirsutism or vir-
ilization. Liquid chromatography combined with tandem 
mass spectrometry (LC-MS/MS) is an innovative technique 
displaying good precision, sensitivity, and high accuracy for 
measuring female androgen levels throughout all stages of 
life, with the advantages of the high throughput and the low 
cost required for the analysis [33, 34]. Therefore, it repre-
sents a convenient and reliable assay when androgen mea-

surement in females is required, provided that a reference 
normal range is determined in house, by using a carefully 
selected healthy non-hyperandrogenic control female popu-
lation [21]. In addition, LC-MS/MS makes it possible to 
measure important steroids such as 11-deoxycortisol and 
deoxycorticosterone (DOC) that cannot be measured with 
immunoassay methods and that are triggers for the diagnosis 
of uncommon forms of CCAH and NCCAH.  Due to the 
numerous advantages of this technique, LC-MS/MS has 
recently been introduced in laboratories in critical fields that 
strongly rely on the reliability and rapidity of the measure-
ment, such as newborn screening for congenital diseases 
including CCAH [35].

For example, the use of LC-MS/MS to diagnose hyperan-
drogemia in PCOS women gave importance to androstenedi-
one and introduced the concept that a subset of women with 
PCOS has an isolated increase in androstenedione levels, 
thus reducing the number of subjects affected by isolated hir-
sutism [36]. In addition, a significant link between high 
androstenedione levels and an adverse metabolic phenotype 
has been found in PCOS patients [36, 37].

 Genetic Analysis

Genetic analyses are warranted when NCCAH or CCAH is 
strongly suspected as cause of hirsutism or virilization, 
because they are genetic disorders with autosomal recessive 
inheritance. The genes involved in all defects have been iso-
lated and characterized, and specific mutations have been 

Normal Normal

I II III IV V

Fig. 12.2 Prader stages of genital androgenization
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identified (Table 12.2). Genetic analysis for identification of 
mutations of the genes involved is informative for the index 
case (type and severity of the disorder) and for future prena-
tal diagnosis.

21-Hydroxylase deficiency, the most frequent cause of 
NCCAH and CCAH, is caused by cytochrome P450c21 
enzyme impairment. The CYP21A2 gene, encoding for 
21-hydroxylase, is homologous at 98% in exons and at 96% 
in introns to the nonfunctional CYP21A1P pseudogene. The 
high degree of sequence homology and tandem repeating 
order of RCCX module sequences is the cause of sequence 
misalignments during meiosis, which result in frequent 
unequal meiotic crossovers, as these modules are located in 
the HLA region of the genome (where recombination events 
occur at a particularly high level to ensure high immunologi-
cal diversity) [38]. This mechanism generates gene deletions 
as well as the commonly called “large gene conversions,” 
both consisting in chromosomes with a chimeric gene (with 
a 5′ part of pseudogenic origin fused with a 3′ CYP21A2 
region), but without a CYP21A2 gene [39]. The majority of 
disease-causing mutations are small mutations that arise 
from micro-conversions (transfer of small DNA sequences) 
from CYP21A1P to CYP21A2: P30L, IVS2-13A/C > G (I2 
splice), Del 8  bp E3, I172N, Cluster E6, V281L, 
1762_1763insT (L307 Frameshift), Q318X, R356W; the 
P453S mutation, which is not pseudogene-derived, is usually 
added to this list. The remaining 10% of alleles have new/
rare mutations due to random events [40]; over 90 rare 
pseudogene- independent mutations are actually listed in the 
Human Cytochrome P450 (CYP) Allele Nomenclature 
Committee at http://www.imm.ki.se/CYPalleles/cyp21.htm. 
The phenotype derives from the type(s) of genetic mutations 
with a final influence on the total residual enzymatic activity 
[41] (Fig. 12.3). The CCAH forms result from deletions/con-
versions or point mutations associated with <10% residual 
enzymatic activity (Null, A, B, mutation groups of Fig. 12.3); 
the NCCAH forms result from point mutations with residual 

enzymatic activity comprised between 15 and 60% (C muta-
tion groups of Fig. 12.3). As for genital appearance, while 
the presence of “group C” mutations is highly predictive of 
forms without external genital virilization, a clear predicting 
capacity does not exist for stages of virilization within the 
Null, A, and B mutation groups. In fact, although more 
severe virilization tends somehow to be present in patients 
with the most severe genotypes [42], Prader stages from II to 
V have, however, been reported in each of the previous muta-
tion groups [43] (Fig.  12.3). When patients are compound 
heterozygotes, with two or more different mutations on the 
two alleles, the severity of the phenotype depends principally 
on the mutation with the less impaired residual activity [41].

 Differential Diagnosis

Hirsutism is a marker of excessive tissue exposure to andro-
gens and, therefore, always deserves to be investigated. 
Various disorders enter into the differential diagnosis, some 
more frequent (PCOS, idiopathic hirsutism, idiopathic 
hyperandrogenism), others more rare (NCCAH due to 
21-hydroxylase deficiency, hyperprolactinemia, hypothy-
roidism, drugs, gestation), and others very occasional 
(androgen-secreting tumors, Cushing’s syndrome, acromeg-
aly, NCCAH not due to 21-hydroxylase deficiency, CCAH). 
However, all these causes must be taken into account in the 
correct approach to a patient who complains of hirsutism. In 
addition, a correct medical approach to hirsutism assumes 
the need to exclude whether it accompanies signs of viriliza-
tion or, alternatively, it is isolated. A diagnostic algorithm is 
suggested in Fig. 12.4. All patients presenting with hirsutism 
should be firstly subjected to a careful evaluation of the clini-
cal history and a thorough physical examination. Age of 
onset and rapidity of progression are key factors that should 
often be investigated. Functional causes or NCCAH, in fact, 
almost always show a peripubertal onset and a slow progres-

Table 12.2 Genes involved in congenital adrenal hyperplasia (CAH)

Gene/protein 
type

Chromosome 
location Inheritance Gonads

Müllerian 
structures External genitalia Other associated features

HSD3B2/
enzyme

1p13.1 AR Ovary Yes Female or 
ambiguous

CAH, adrenal insufficiency

CYP21A2/
enzyme

6p21.23 AR Ovary Yes Female, 
ambiguous or 
male

CAH, +/− adrenal insufficiency

CYP11B1/
enzyme

8q21.22 AR Ovary Yes Female, 
ambiguous or 
male

CAH, +/− hypertension

POR/CYP 
electron donor

7q11.2 AR Ovary Yes Female or 
ambiguous

Mixed features of 21-OHDef, 17-OHDef/17–20- 
lyaseDef, aromatase Def; +/− Antley–Bixler 
syndrome

CYP19/enzyme 15q21 AR Ovary Yes Ambiguous Maternal virilization during pregnancy, absent 
breast development at puberty, except partial 
cases

A. Gambineri et al.

http://www.imm.ki.se/CYPalleles/cyp21.htm


121

P453S
V281L

P30L I172N
In 2

Splicing

Deletion, Ex 3 del
Ex 6 cluster, Ex 7 InsT
Q318X, R356W

(60-30%) (25-15%) (5-1%) (1-0%) (0%)

– severity +

Mutation
group

CAH
form

C B A Null

Positive predictive values

Prader genital Stages

Non
classical

Simple
virilizing

Salt
Wasting

63%

65%

100%

86%

73%

74%

53%

83%

85%

90%

96%

91%

96%

100%

97%

100%

Speiser ‘92

Krone ’00

Krone ’00

Stikkelbroek ‘03

Balsamo ’10

Speiser ‘92

Wedell ’94

Jaaskeilanen ‘97

Balsamo ’10

0 – IV (0)

0

0 – IV (0)

0 – II (0)

I – IV (III)

I – IV

II – V

II – IV (III)

II – IV

III – V (IV)

II – V

0 – V

II – IV (IV)

III – IV

II – IV (IV)

III – IV

II – V

III – V (IV)

III – V

Fig. 12.3 CYP21A2P 
derived mutations: phenotypic 
spectrum. (Modified from 
Ref. [38, 43])
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Idiopathic hirsutism
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Fig. 12.4 Diagnostic algorithm for hirsutism and virilization
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sion over years and are generally not associated with signs of 
virilization. In contrast, androgen-secreting tumors usually 
manifest at any age with sudden onset and rapid progression 
and are usually associated with signs of virilization. Clinical 
screening is also essential to rule out secondary forms of hir-
sutism or virilization that, however, usually need serum or 
urine measurements of the relevant hormones and, if neces-
sary, specific testing in order to be confirmed. Functional 
forms of hirsutism (PCOS, idiopathic hirsutism, idiopathic 
hyperandrogenism) must be considered and dealt with only 
after androgen-secreting tumors and the other forms have 
been excluded. At this point, measurement of testosterone 
and androstenedione in serum, assessment of ovulatory 
function, and ovarian ultrasound evaluation are essential for 
the differential diagnosis between the three forms. CCAH is 
generally diagnosed in neonatal age because of external 
ambiguous genitalia, salt-losing crisis, or, rarely, hyperten-
sion (Fig. 12.5). CCAH due to 21-hydroxylase deficiency is 
the commonest cause of ambiguous genitalia of the newborn. 
Ambiguous genitalia at neonatal age may depend more 
rarely on 11-hydroxylase, 3β-hydroxysteroid dehydroge-
nase, and P450-oxidoreductase deficiencies [10, 44]. All 
these forms of CCAH are generally characterized by varying 
degrees of genital virilization (Prader staging, Fig. 12.2) pos-
sibly accompanied by genital pigmentation (expression of 

excessive ACTH production). Salt-losing crisis may be asso-
ciated with 21-hydroxylase and 3β-hydroxysteroid dehydro-
genase deficiencies [10, 45]. Hypertension due to DOC 
excess is extremely rare in newborns affected by 
11- hydroxylase deficiency. Measurement of 
17OH-progesterone, 17OH-pregnenolone, androstenedione, 
DHEA, testosterone, 11-deoxycortisol, and DOC in the cir-
culation is essential for a differential diagnosis of the various 
causes of virilizing 46,XX CCAH (Fig. 12.5).

 Management of Hirsutism and of Virilization

Hirsutism is a clinical sign and not a disease by itself. 
Therefore, its presence does not necessarily require treat-
ment. However, physicians should decide whether hirsutism 
is to be treated or not by evaluating not only the severity of 
the phenomenon but also the subjective perception of the 
patient that does not necessarily correspond to the true extent 
of hair growth. Interestingly, a recent population-based study 
performed on adolescent and young adult Italian students 
confirmed that, among the hyperandrogenic disorders (i.e., 
isolated menstrual irregularity, isolated biochemical hyper-
androgenism, isolated hirsutism, or polycystic ovary syn-
drome (PCOS)), hirsutism is the worse in terms of 

Neonatal age

Ambiguous extemal genitalia

Karyotype

24-48 h
Electrolytes, glycemia, weight

72-96 h
• 17OH-Progesterone
• 17OH-Pregnenolone
• DHEA
• 11-deoxycortisol
• DOC
• Androstenedione
• Testosterone

Electrolytes, glycemia, weight

Imaging
Looking for gonads and müllerian structures

Abdominal /pelvic US
Genitourethrogram

MRI

Diagnosis has to be confirmed by molecular
DNA studies

46,XX CCAH

17OH-Progesterone, 17OH-Pregnenolone, Androstenedione, /DHEA,
Testosterone, 11-Deoxycortisol, DOC: CCAH due to 21-hyoxylase

deficiency

17OH-Progesterone, 17OH-Pregnenolone, Androstenedione, /DHEA,
Testosterone, 11-Deoxycortisol, DOC: CCAH due to 3 -hyoxysteroid

dehydrogenase deficiency

17OH-Progesterone, 17OH-Pregnenolone, Androstenedione, /DHEA,
Testosterone, 11-Deoxycortisol, DOC: CCAH due to 11-hyoxylase

deficiency

17OH-Progesterone, 17OH-Pregnenolone, Androstenedione, DHEA,
Testosterone, 11-Deoxycortisol, DOC: CCAH due to

P450-oxydoreductase deficiency

Fig. 12.5 Diagnostic algorithm for an early diagnosis of virilization in newborns
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psychological distress and quality of life, because it is asso-
ciated with reduced quality of life, anxiety, and depression 
[46]. The correct management of hirsutism is, obviously, the 
treatment of the underlying cause, if possible. Usually, how-
ever, treatment targeted at ameliorating hirsutism directly is 
also necessary.

Cosmetic measures are effective as individual therapy in 
controlling mild and localized hirsutism. In addition, they 
are recommended as an adjuvant to pharmacological therapy 
in cases of clinically moderate to severe hirsutism. Among 
the cosmetic measures available, only electrolysis and the 
newer methods, such as laser therapy and intense pulse light, 
may result in permanent amelioration of hirsutism in the 
treated area [47, 48]. Data of comparisons between different 
laser methods are few and give contradictory results. 
However, from the studies available, diode and alexandrite 
offer the highest success rate, whereas Nd:Yag gives the low-
est success rate [49]. There are very few and low-quality 
studies comparing laser and intense pulsed light devices.

In cases of mild hirsutism localized on the face, an alter-
native to the cosmetic approach is the topical application of 
a 13.9% eflornithine HCl cream [50]. Eflornithine is an irre-
versible inhibitor of l-ornithine decarboxylase, an enzyme 
that catalyzes the conversion of ornithine to putrescine, a 
polyamine that is critical to the regulation of cell growth and 
differentiation within the hair follicle [50]. Some evidence 
exists for the efficacy of topical eflornithine applied twice 
daily in reducing facial hirsutism [51, 52]. Drawbacks 
included nonresponse in 30% of users and regrowth to pre-
treatment levels within 8  weeks of discontinuation. The 
safety profile was good and percutaneous absorption was 
minimal. Other evidences demonstrate the ability of topical 
eflornithine added to photoepilation to promote more rapid 
and complete laser removal of facial hirsutism and to reduce 
hair regrowth between laser sessions and after cessation of 
IPL therapy [52, 53]. Limited and contradictory results are 
available on the effect of topical finasteride on hirsutism.

A systemic pharmacological approach is usually required 
when hirsutism is moderate to severe and/or widespread. 
Drugs that are safer and more cost-effective are oral contra-
ceptive pills (OCPs). Their efficacy is mainly justified by the 
ability of progestin to suppress luteinizing hormone levels 
and thus ovarian androgen production and by the ability of 
estrogen (ethinyl estradiol (EE)) to increase sex hormone- 
binding globulin (SHBG), thus reducing bioavailable free 
androgens [54]. Moreover, OCPs induce a moderate reduc-
tion of adrenal androgens, probably through a direct interac-
tion with adrenal steroid synthesis [55]. In addition to these 
effects, which are common to all OCPs, some progestins 
have anti-androgenic properties, due to their antagonizing 
effects on the androgen receptor (cyproterone acetate, dro-
spirenone, dienogest) and to the inhibition of 5α-reductase 
activity [cyproterone acetate, chlormadinone acetate, “third- 

generation” progestins (desogestrel, gestodene, norgesti-
mate), drospirenone, and dienogest] [54]. Although all OCPs 
are efficacious in reducing hirsutism, OCPs containing a pro-
gestin with antiandrogen properties are preferable for the 
treatment of hirsutism [56, 57].

In cases of moderate to severe forms of hirsutism not 
responsive to OCPs or, alternatively, when OCPs are contra-
indicated, the use of antiandrogens alone or combined with 
OCPs is indicated. Antiandrogens (androgen receptor block-
ers (flutamide, spironolactone) and 5α reductase inhibitors 
(finasteride, spironolactone)) are, in fact, the most effective 
drugs for hirsutism currently available [58]. At present there 
is not enough information to establish a scale of efficacy for 
these drugs. Some comparative studies did not find signifi-
cant differences in efficacy between antiandrogens, whereas 
in other studies flutamide appeared to have the greatest effi-
cacy and finasteride the lowest [22]. Furthermore, these 
drugs do not appear to extend dose-dependent effects against 
hirsutism [22]. Therefore, the minimum effective dose is rec-
ommended, in order to reduce the side effects. A recent ran-
domized controlled study tested bicalutamide, an androgen 
receptor antagonist that interferes with the DHT-induced 
events required for activation of androgen receptor gene 
expression by androgens, with interesting results on hirsut-
ism, but further studies are needed [30]. It must be stressed 
that antiandrogens cannot be given to pregnant women for 
the risk of feminization of male fetuses and should only be 
prescribed to women using secure contraception. An algo-
rithm for the management of hirsutism is suggested in 
Fig. 12.6.

Conversely, virilization always deserves treatment, with 
an approach that may be medical and/or surgical depending 
upon the underlying disorder. Surgery is the treatment of 
choice for all patients with hormone-secreting adrenal or 
ovarian tumors [59, 60] and for those patients with viriliza-
tion due to pituitary adenomas secreting ACTH, GH, or pro-
lactin, if indicated.

CCAH always needs glucocorticoid treatment (associated 
with mineralocorticoid supplementation in the salt-wasting 
forms) and surgical correction of virilization. Standard treat-
ment at diagnosis until growth is complete is hydrocortisone 
at 10–20  mg/m2/day, possibly divided into three doses, 
orally. Sometimes, in sick infants, 2 mg/kg of hydrocortisone 
hemisuccinate by i.v. bolus, followed by 20–30 mg/m2/day 
by constant i.v. infusion, may be a more appropriate initial 
treatment. After growth is complete, other more potent syn-
thetic glucocorticoids may be used in a double (prednisone, 
prednisolone: hydrocortisone equivalent dose = 5) or a single 
(dexamethasone: hydrocortisone equivalent dose  =  70) 
administration. Blood electrolytes need monitoring daily 
from day 3 of life, and if K+ rises or Na+ falls (salt loss occurs 
most frequently between day 6 and 21 of life), 
9α-fludrocortisone should be started at 0.05–0.2 mg/day in 
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two divided doses. Salt supplementation (5  mEq/kg/day; 
NaCl  =  1  g  =  17  mEq) is a fundamental complement to 
 mineralocorticoid treatment, at least in the first 6 months of 
life. Significant controversy exists on the timing of feminiz-
ing genitoplasty in girls with virilizing CCAH. When possi-
ble, feminizing genitoplasty should be a one-stage repair 
using the newest techniques. Clitoroplasty should only be 
considered in cases of severe virilization (Prader III–V) with 
prominence for functional outcome rather than cosmetic 
appearance. Vaginoplasty should be performed in infancy 
only if the persistence of a urogenital sinus causes complica-
tions. Surgical improvement generally needs to be done at 
puberty. Vaginal dilation is not recommended in childhood, 
while during young adulthood it may be useful to avoid the 
need for bowel vaginoplasty [27].

In families at risk for a virilized female newborn (index case 
affected by classic 21-hydroxylase or 11-hydroxylase deficien-

cies), prenatal diagnosis and treatment may be undertaken. 
Early administration (before 8  weeks of gestational age) of 
dexamethasone to the mother (20  μg/kg/pre- pregnancy), in 
fact, is able to prevent genital virilization in most affected 
females. Treatment should be started in all pregnancies at risk 
for virilized female newborn until chorionic villous sampling 
for sex and genetic analyses can be performed (10–11 weeks of 
gestational age). Thereafter, only affected female fetuses need 
to continue the treatment throughout pregnancy. To reduce the 
number of fetuses exposed to dexamethasone unnecessarily, 
polymerase chain reaction (PCR) for cell-free Y DNA in mater-
nal blood at 5–6 weeks of gestation for prenatal sexing screen-
ing is now available as an experimental technique [61, 62]. In 
any case, due to possible maternal side effects (Cushing’s syn-
drome) and the lack of long-term trials for its safety, antenatal 
dexamethasone treatment should only be carried out in special-
ized centers with the use of approved protocols [63].

Hirsutism

Mild and localized

Cosemetic procedures or
Eflomithine cream (if
loaclized on the face

Moderate to severe or
widespread

Seeking fertility?

NO YES

NO YES

Contraindication for
OCPs?

Delay drug treatment until
delivery

OCPs with antiandrogen
properties

Unsatisfactory results

Add Antiandrogens

Antiandrogens with secure
contraception eventually
associated to cosmetic

procedure

Fig. 12.6 Algorithm for the management of hirsutism
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Menopause

Thyciara Fontenelle, Alyne Layane Pereira Lemos, 
and Luiz Griz

 Epidemiology

The Stages of Reproductive Aging Workshop (STRAW), in 
2001, proposed a staging system, including menstrual and 
hormonal criteria, to define each stage of the process of 
reproductive senescence, constituting the gold standard to 
characterize all steps of the period [1].

Although the average age at menopause is 51 years, in 5% 
of women it occurs after 55 years of age, which is considered 
late menopause and in 5% between 40 and 45 years, which 
defines premature menopause. The cessation of cycles that 
occurs before the age of 40 is considered premature ovarian 
failure [2].

Various factors are considered as determinants of age at 
menopause. Thirteen common genetic variants located on 
chromosomes 5, 6, 19, and 20 related to age at menopause 
were identified [3]. Genetic variation in the estrogen receptor 
gene may be another determining factor, as well as permuta-
tions in the FMR1 gene that defines fragile X syndrome and 
causes premature ovarian failure [4].

Women with a family history of early menopause are at 
increased risk of developing amenorrhea earlier on. Women 
whose mothers started the phase of menopause at a young age 
have a sixfold greater likelihood of early menopause [5]. Race 
and ethnicity may also affect age at menopause. In two pro-
spective, multiethnic studies, natural menopause occurred ear-
lier among Hispanic women and later on in Americans and 
Japanese, when compared with a Caucasian population [6].

Smoking reduces age at menopause by about 2 years [7]. A 
study of 10,606 middle-aged women showed that 31% of 
female smokers developed natural menopause earlier than non-
smokers [8]. Other factors also seem to be involved, such as the 

consumption of galactose, a history of type 1 diabetes, intra-
uterine exposure to diethylstilbestrol, and nulliparity [3, 9].

Hormonal changes begin years before the menopause. In 
the final years of reproductive life, menstrual cycles are ovu-
latory, but gradually, the duration of the follicular phase 
begins to decrease. In the initial transition to menopause, 
women experience some menstrual irregularity, and in this 
phase inhibin B concentrations begin to fall due to a decline 
in the number of ovarian follicles, whereas FSH levels begin 
to rise with a relative maintenance of estradiol levels, but 
with low concentrations of progesterone [10].

In late transition there is an increase in the variability of 
the cycle, with fluctuations in serum levels of FSH and estra-
diol. Following menopause, when there is a total loss of 
ovarian follicles, the ovary can no longer synthesize estradiol 
but keep producing and secreting the androgenic hormones 
under the stimulus of luteinizing hormone (LH) [11].

Other endocrine changes present in the menopausal tran-
sition include the reduction of the anti-Müllerian hormone 
(AMH), a product of the granulosa cell, and the reduction in 
antral follicle count (AFC) of the ovary, defined as follicles 
of 2–10 mm in diameter on the transvaginal ultrasound [1].

After 12  months of amenorrhea in a woman aged over 
45 years and in the absence of other physiological or patho-
logical causes, we identify the presence of menopause.[4, 6]

 Clinical Manifestations

Clinically women experience drastic changes in the body 
(Table  13.1). Chronic anovulation and progesterone defi-
ciency can lead to long periods of uterine exposure to estro-
gen, thereby generating anovulatory bleeding and 
endometrial hyperplasia. Hot flashes, which are manifested 
in 75% of women, are the most common acute change during 
menopause. They are self-limited, with an average duration 
of 5 years, begin suddenly, and are characterized by a feeling 
of warmth in the face and chest that spreads rapidly. The heat 
sensation lasts about 2–4 min and is associated with intense 
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sweating, palpitations, and anxiety. It occurs predominantly 
at night, causing severe sleep disturbances [6].

Sleep disorders may be present in postmenopausal 
women, even in the absence of hot flashes at night. Anxiety 
and depression also influence, reducing patients’ quality of 
life. Sexual dysfunction may be associated with impaired 
sleep [12].

As the epithelia of the vagina and urethra are sensitive to 
the action of estrogen, its thinning occurs during menopause, 
resulting in vaginal atrophy and related symptoms, a 
 genitourinary syndrome of menopause (GSM) such as vagi-
nal dryness, vaginitis, itching and pain during intercourse, 
and urethral atrophy, causing greater susceptibility to infec-
tions, overactive bladder, and urinary incontinence [13].

Sexual dysfunctions are highly prevalent in this period. 
Estradiol deficiency significantly reduces blood flow to the 
vagina and vulva, resulting in decreased vaginal lubrication 
and pudendal nerve neuropathy [14]. Vaginal dryness and 
dyspareunia, as previously mentioned, may contribute to 
decreased sexual function in this period [15].

Studies investigating the relationship between menopause 
and depression present conflicting findings. Some longitudinal 
studies have found no association. However, several others 
have shown a significant association between the menopausal 
transition and depression [16]. The largest prospective study to 
date, the Study of Women’s Health Across the Nation (SWAN) 
trial, reported that perimenopausal women showed a higher 
rate of depressive symptoms (14.9–18.4%) than premeno-
pausal women (8–12%), the most common symptoms being 
irritability, nervousness, and emotional lability [17].

Other, less common, symptoms are breast tenderness, 
headache, skin aging, and joint pain [18].

 Diagnosis

Menopause is clinically defined as a period of 12 months of 
amenorrhea in a woman over 45 years of age in the absence 
of other biological or physiological causes. The best approach 
to the diagnosis of perimenopause is a longitudinal evalua-
tion of the history of the menstrual cycle and menopausal 

symptoms (vasomotor waves, mood swings, sleep distur-
bances). There is no need for measurement of serum FSH, 
estradiol, or inhibin levels for diagnostic purposes.

Some medical conditions can mimic conditions of meno-
pause, such as hyperthyroidism, which should always be 
considered in the differential diagnosis, and occur together 
with irregular menstruation, sweats (although different from 
typical hot flushes), and mood changes. Other causes for 
menstrual cycle changes should be considered, including 
pregnancy, hyperprolactinemia, and other thyroid diseases. 
Atypical hot flashes and night sweats may be present in other 
disorders, such as drug use, pheochromocytoma, carcinoid 
tumors, or other malignancies [19].

 Hormone Therapy

Hormone therapy (HT) in postmenopausal women is cur-
rently recommended for use in short-term treatment of mod-
erate to severe vasomotor symptoms. Long-term use for 
primary or secondary prevention of cardiovascular disease 
and osteoporosis is no longer recommended [20].

According to the recommendations of the American 
Association of Clinical Endocrinologists (AACE) 2017, the 
use of hormone therapy in postmenopausal symptomatic 
women should take into account all risk factors for cardio-
vascular disease, age, and time of menopause [21].

 Vasomotor Symptoms

Hormone therapy, estrogen with or without progesterone, 
remains the gold standard treatment for the relief of meno-
pausal vasomotor symptoms and their consequences. In a 
systematic review involving 24 trials and 3329 women, 
estrogen therapy was able to reduce 75% of frequency and 
87% of the intensity of vasomotor symptoms when used at a 
standard dose. However, lower doses are also capable of 
minimizing 65% of the heat waves [22, 23]. It is therefore a 
reasonable option for most postmenopausal women, except 
those with a history of breast cancer and coronary heart dis-
ease, previous thromboembolic event or stroke, or at high 
risk for these complications. In healthy women, the absolute 
risk of an adverse event is extremely low [20]. The exclusive 
use of progesterone also reduces vasomotor symptoms, but 
less efficiently than estrogen therapy [24].

 Genitourinary Tract

Both vaginal and urethral epithelia are sensitive to estrogen, 
and estrogen deficiency leads to their thinning, resulting in 
vaginal atrophy, which may generate symptoms of vaginal 
dryness, itching, and often dyspareunia. Both systemic and 

Table 13.1 Prevalence of menopausal symptoms

Symptoms Prevalence
Hot flashes 41–79%
Sleep disturbance 38–43%
Depression 33%
Dementia Uncertain
Vaginal dryness 20–47%
Sexual function Uncertain
Cognitive changes Uncertain
Joint pain Uncertain
Fat mass gain Uncertain
Skin changes Uncertain
Breast pain Uncertain
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local estrogen therapy are effective for symptoms of genito-
urinary atrophy. Vaginal administration (available as creams, 
tablets, or rings) is an extremely effective therapy, making it 
an excellent choice for nearly all postmenopausal women 
(with the exception of patients with breast cancer) and can be 
administered in the long term, since systemic absorption is 
minimal [20].

Local estrogen therapy may benefit some women with an 
overactive bladder. A clinical study demonstrated that using 
an estradiol ring showed clinical efficacy similar to the use of 
oxybutynin in women suffering from an overactive bladder 
[25]. The use of low-dose transdermal estradiol, however, 
did not affect the development of urinary incontinence [26]. 
A recent clinical trial reported an increased risk of nephroli-
thiasis in healthy women on hormone therapy, but the mech-
anisms involved have not been elucidated [27]. Two studies 
have shown a reduced risk of recurrent urinary tract infection 
in women using vaginal estrogen therapy [28, 29].

 Sexual Function

Hormone therapy is not recommended for the treatment of 
sexual dysfunction, including decreased libido [20]. There is 
no evidence that estrogen therapy acts independently in sex-
ual interest, arousal, and orgasmic response. Low doses of 
local estrogen can improve sexual function merely by 
increasing local blood flow and vaginal lubrication [30].

 Quality of Life

Although there is no approval for the use of hormone therapy 
for the sole purpose of improving the quality of life of 
women, data shows that symptomatic women show an 
improvement in some areas of quality of life through relief of 
vasomotor symptoms. There is no evidence to support this 
improvement in asymptomatic women [20].

 Osteoporosis

Some randomized controlled trials and those controlled with 
placebo support the use of estrogen therapy for the preven-
tion of osteoporosis and fractures, including hip fractures 
and treatment of proven osteoporosis [20]. However, to date, 
there has been no approval for their use in the treatment of 
osteoporosis in postmenopausal women without vasomotor 
symptoms. When prescribed for the prevention of postmeno-
pausal osteoporosis, hormone therapy should only be consid-
ered for women with a significant risk of osteoporosis and 
fractures and for whom non-estrogenic drugs are considered 
inappropriate.

The results of the WHI trials indicated some benefits with 
hormone therapy. Women randomly assigned to estrogen and 
progesterone had a 34% reduction in the risk of vertebral and 
hip fractures (hip, 6 fewer per 10,000 woman-years; verte-
bral, 6 fewer per 10,000 woman-years; and total, 46 fewer 
per 10,000 woman years) [31].

Women randomly assigned to estrogen alone had fewer 
fractures (hip, 7 fewer per 10,000 woman-years; vertebral, 6 
fewer per 10,000 woman-years; and total, 56 fewer per 
10,000 woman-years). However, fractures were a major pre-
defined secondary outcome and were determined by clinical 
criteria [31].

In a cross-sectional study, Papadakis and colleagues eval-
uated data from the OsteoLaus cohort involving 1279 meno-
pausal women in 2016, investigating the positive impact of 
hormone therapy on the preservation of bone mineral density 
(BMD) and, for the first time, on the trabecular index (TBS), 
persistent effects for up to 2 years after withdrawal of hor-
mone therapy [32].

When there are failures or adverse effects of standard 
therapy for osteoporosis, prolonged use of hormone therapy 
is an option for women at high risk of osteoporotic fractures. 
However, its beneficial effects on bone mass and fracture 
reduction are minimized quickly after its administration has 
been discontinued [33].

In women who experience premature menopause, unless 
there are contraindications, hormone therapy should be used 
for the purpose of bone loss prevention, rather than the stan-
dard therapy for osteoporosis, until they reach the age of 
menopause, when the treatment should be reevaluated [20].

 Cardiovascular Effect

Based on extensive observational data, it was believed that 
estrogen exerted a cardioprotective effect, and as a result, 
estrogen therapy was routinely prescribed for primary and 
secondary prevention of cardiovascular disease (CVD).

In 1995, the PEPI Trial evaluated cardiovascular risk in 
healthy postmenopausal women. A total of 875 women 
between the ages of 45 and 64  years were evaluated. 
Participants were randomized into five groups: the placebo 
group; those who used conjugated equine estrogen at a dose 
of 0.625 mg/day alone; associated with cyclic medroxypro-
gesterone acetate, 10 mg daily for 12 days per month; conju-
gated equine estrogen associated with medroxyprogesterone 
of continuous use at the dose of 2.5 mg/day; and estrogen at 
the dose of 0.625 mg/day associated with cyclic micronized 
progesterone 200 mg/day for 12 days in the month. It was 
concluded that the use of estrogen alone or in combination 
with progesterone improved lipoproteins and reduced levels 
of fibrinogen, without significant effects on insulin or blood 
pressure. When estrogen alone was evaluated, it was ideal for 
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the elevation of HDL, but restricted for hysterectomized 
women. In women with uterus, estrogen with the cyclic 
micronized progesterone had a more favorable effect on 
HDL [34].

Data from the Heart and Estrogen/Progestin Replacement 
Study (HERS I and II), other small controlled trials and two 
meta-analyses have not confirmed this protective effect on 
the heart [35–37]. The HERS I study demonstrated a twofold 
to threefold increase in the risk of venous thrombosis and 
pulmonary embolism with hormone therapy. However, the 
absolute risk was low, ranging from one case to two or three 
cases per 100,000 women. The data is related to the oral use 
of the hormone. The HERS II study found a 2.89 times risk 
of thromboembolism in users of combined hormone therapy, 
estrogen/progesterone, compared with the placebo and a 
trend toward an increased risk of pulmonary embolism.

In 2002, the subgroup of women in the WHI who used the 
estrogen-progestin combination showed an increased risk of 
coronary heart disease and breast cancer, and the study was 
discontinued prematurely. The results of the subgroup that 
used only estrogen therapy, published in 2004, showed a ten-
dency to a decreased risk of breast cancer, but an increased 
risk of stroke and thromboembolic disease, and no benefits 
on coronary heart disease [20, 31].

Some, but not all, observational studies suggest that long- 
term hormonal therapy is associated with a smaller accumu-
lation of calcium in the coronary arteries, data which is 
strongly correlated with the presence of atheromatous 
plaques and the risk of future coronary events [38].

The WHI trial found a risk twice higher of pulmonary 
embolism in users of combined hormone therapy, represent-
ing eight more cases of pulmonary embolism in 10,000 
women/year. This risk was attributed to the combination of 
estrogen and progestin [20, 31]. There is no data for other, 
non-oral forms of administration of hormonal therapy.

The WHI showed an increase in the risk of stroke, but no 
effect on hemorrhaging. When all women in that trial were 
analyzed, there were 8 additional cases of stroke per 10,000 
women/year in combined therapy and 11 cases per 10,000 
women/year in estrogen-alone therapy, and in both, the risk 
was eliminated after discontinuation of treatment [31]. In a 
recent data analysis from the WHI trial involving only 
women aged 50–59 years, there was no significant effect on 
the risk of stroke [39]. The risk of stroke did not significantly 
increase in the HERS I and II studies [40, 41]. The data from 
observational studies on the association between hormone 
therapy and stroke have been inconsistent. Various studies 
have indicated a positive association, but others showed no 
effect on the risk of stroke [20].

One difference between observational studies and the 
WHI study is the fact that the women enrolled in the latter 
presented an average age of 63 years at the start of the use of 
hormone therapy, about 12 years after menopause had begun 

[20, 31]. Participants in the observational studies began ther-
apy immediately after the beginning of menopause, with a 
mean age of 51 years, that is, women from the WHI were 
older and began using the hormone later, which is unusual in 
clinical practice. As the atherosclerotic lesions develop early, 
it is likely that the WHI participants already presented sub-
clinical coronary disease and therefore would not be candi-
dates for hormonal regime, since hormonal therapy appears 
to be more effective in primary prevention than in secondary 
prevention. The idea that differences in age or time since 
menopause at the start of hormone therapy are responsible 
for differences in cardiovascular outcomes has become 
known as the “window of opportunity” [42].

In the observational studies and in animal models that 
suggested beneficial cardiovascular effects of hormone ther-
apy, the subjects generally initiated therapy at the time of 
menopause (often for management of vasomotor symptoms), 
or in animal studies, treatment began immediately after 
ovariectomy. This contrast with the WHI, which treatment 
was initiated more than a decade after menopause in most 
study participants, led to the development of the “window of 
opportunity.” This theory proposed that initiation of HT at or 
shortly after menopause is cardioprotective, whereas starting 
treatment at a time remote from menopause may be harmful. 
Indeed, in the WHI, the trend toward lower rates of CVD 
events was noted in women who were within 10  years of 
menopause or who were aged 50–59  years at the time of 
entry into the trial. In the estrogen and progestin arm, women 
within 10 years of the menopausal transition had a hazard 
ratio (HR) of coronary heart disease (CHD) events of 0.89, 
compared with 1.71 in those more than 20 years from meno-
pausal transition. In the conjugated equine estrogen (CEE) 
alone arm, those aged 50–59 years had an HR of 0.56, com-
pared with older women, whose HR was almost 1.0 [42].

In addition, women enrolled in the CEE arm and aged 
50–59 at baseline had coronary calcium measured by com-
puted tomography; women who received CEE had signifi-
cantly lower scores at trial completion than those who 
received placebo [38]. In this young population, the inci-
dence of coronary events was low, and the absolute risk of 
clinical CHD events was small. In a more recent analysis, the 
results were examined after pooling the data from the WHI 
estrogen-alone and estrogen and progestin trials [42]. Women 
enrolled within 10 years of the onset of menopause had a HR 
for CHD of 0.76 (CI, 0.50–1.16). The HR continued to rise 
years after the menopause. Initiating therapy from 10 to 
19 years after menopause gave a HR of 1.10 (CI, 0.84–1.45), 
and when initiated after 20 or more years, the HR was 1.28 
(CI, 1.03–1.58). The P value for the trend was 0.02, support-
ing the timing hypothesis, which predicts that protection 
from atherosclerosis is evident only when hormone therapy 
is initiated shortly prior to the onset of menopause and before 
the development of advanced atherosclerotic plaques.
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The timing hypothesis is further supported by several 
recent studies. A Bayesian meta-analysis of hormone therapy 
mortality in younger postmenopausal women (mean age, 
55 years) presented the combined results of 19 randomized 
clinical trials that enrolled 16,000 women at a mean age of 
55 years, totaling 83,000 patient-years. This study showed a 
relative risk of mortality of 0.73 [20]. The analysis also dem-
onstrated a cardiovascular benefit when HT was initiated 
early, supporting the timing hypothesis. Current ongoing 
prospective randomized trials will formally test this 
hypothesis.

Despite this reassuring data, HT in postmenopausal 
women is still indicated only for the management of vaso-
motor symptoms, since there is no data to support its use in 
primary or secondary prevention of coronary disease.

The Kronos Early Estrogen Prevention Study (KEEPS) 
evaluated cardiovascular risk in 728 women aged 42 to 
58 years who started hormone therapy in the first months of 
menopause (6–36 months postmenopausal). HT consisted of 
oral conjugated estrogens (Premarin®, 0.45 mg), transder-
mal estradiol (Climara®, 50 μg), or placebo with micronized 
progesterone (Prometrium®, 200 mg) for 12 days per month 
or placebo for women with an intact uterus. The endpoints 
were the coronary artery calcification score measured by 
computed tomography and the intima carotid thickness 
(IMT). Preliminary results showed no difference in the rate 
of progression of intima carotid thickness in the three groups. 
No estrogenic formulation raised blood pressure. Conjugated 
oral estrogens increased HDL and reduced LDL and 
increased triglycerides and C-reactive protein. Transdermal 
estradiol improved glucose levels and insulin sensitivity. In 
this study there were no significant differences in rates of 
clinical events including breast and endometrial cancer and 
cardiovascular disease among the three groups. It should be 
noted that the population studied consisted of a small group 
of healthy and relatively young women. In the group treated 
with hormones, symptoms such as heat waves were reduced; 
BMD and sexual function improved when compared to con-
trols [21, 43].

The Early versus Late Intervention Trial with Estradiol 
(ELITE) [44] evaluated a total of 643 healthy postmeno-
pausal women using estradiol 1 mg daily and progesterone 
45 mg during 10 days of each 30-day cycle with women with 
preserved uterus for 5 years, comparing them with distinct 
times of the beginning of HT (<6  years, early onset, 
or  >10  years, late onset). Women treated with estradiol in 
both age groups/timing had lower LDL and higher levels of 
HDL and triglycerides compared to untreated women in both 
groups. The rate of progression of coronary artery calcifica-
tion measured by CT was lower in the postmenopausal group 
treated with estrogen than in its placebo group or the group 
treated with estrogen later on in the menopause. The group 
treated later in menopause did not differ from the cohort 

taken with placebo. The study concluded that oral estradiol 
therapy was associated with a lower progression of subclini-
cal atherosclerosis (measured as IMT) than placebo when 
therapy was initiated within 6 years after menopause but not 
when 10 or more [21, 44].

A subgroup analysis of the Danish Osteoporosis 
Prevention Study, involving 1006 women aged 45 to 
58  years, randomized to the use of three-phase estradiol 
and norethisterone acetate in those with uterus and estra-
diol 2  mg  day in those hysterectomized versus placebo 
demonstrated, after 10-year and 16-year follow-up, that 16 
women in the treatment group had the primary composite 
outcome (death, hospital admission for heart failure, and 
myocardial infarction) compared to 33 in the control group 
(hazard ratio 0.48, confidence interval 95%, 0.26 to 0.87, 
P = 0.015), and 15 died compared to 26 (0.57, 0.30 to 1.08, 
P  =  0.084). Reduction in cardiovascular events was not 
associated with increased cancer (36 in the treated group, 
39 in the control group, 0.92, 0.58 to 1.45, P = 0.71) or with 
breast cancer (10  in the treated group, 17  in the control 
group, 0.58, 0.27 to 1.27, P = 0.17). The risk ratio for deep 
vein thrombosis (2 in treated group, 1 in the control group) 
was 2.01 (0.18 to 22.16) and for stroke (11 in treated group, 
14  in the control group) was 0.77 (0.35 to 1.70). After 
16 years, the reduction in the primary outcome result was 
still present and not associated with an increase in cancer. 
After 10 years of treatment, women who received HT early 
after menopause had a significantly reduced risk of mortal-
ity, heart failure, or myocardial infarction without any 
apparent increase in the risk of cancer, venous thromboem-
bolism, or stroke [21].

Another topic of constant debate is the role of the mode of 
administration of the hormone in relation to the adverse 
effects observed in large studies. The oral route is associated 
with an increase in thrombotic effects and decreased synthe-
sis of thrombolytic factors in the liver, induced by the hepatic 
first pass of estradiol, which could justify a two- to threefold 
increase in the risk of thromboembolism observed with the 
use of oral, but not transdermal, estrogen [20, 45]. Low-dose, 
cyclic, and transdermal formulations have been suggested as 
potentially favorable alternatives. Unfortunately, no large, 
prospective, randomized trials exist that carefully compare 
these alternative regimens.

 Diabetes Mellitus

Large clinical trials have shown that hormone therapy 
reduces the appearance of type 2 diabetes mellitus (T2DM), 
despite not having been approved as a prevention measure in 
this disease. Women in the WHI and HERS studies who 
received estrogen/progesterone showed an average reduction 
of 21% in the incidence of T2DM [46].
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 Endometrial Cancer

Women constantly exposed to endogenous or exogenous 
estrogens not neutralized by progesterone are at increased 
risk of developing hyperplasia and endometrial cancer. The 
risk of endometrial cancer is six to eight times higher in 
women using estrogen compared with women who do not 
use it [47].

 Breast Cancer

The relationship between breast cancer and hormone ther-
apy is complex. There are dozens of observational, case-
control, and cohort studies, with results which are not very 
consistent. A meta-analysis of observational studies, carried 
out in 1997, summed up 90% of the literature (53,705 
women with breast cancer, compared with 108,411 con-
trols) and showed that each year of hormone therapy confers 
a relative risk for breast cancer of 2.3%, attributable to the 
use of progesterone [48].

Despite demonstrating an increased incidence, the present 
study, like others, showed no increase in mortality from the 
disease. The use of estrogen/progestin for the group of 
women in the WHI study was discontinued because of the 
26% increase in the risk of breast cancer, that is, for every 
10,000 women, 38 developed breast cancer, while among 
nonusers of hormone therapy, 30 cases of breast cancer in 
10,000 women were found [31].

Studies have not clarified whether the risk of breast can-
cer differs between continuous and intermittent use of pro-
gesterone, with observational studies suggesting that the risk 
may be greater with the continuous use of this drug. It is also 
unclear whether there is a class effect of progesterone or if a 
specific agent influences a higher risk of breast cancer. Data 
from a large observational study suggests that hormone ther-
apy with micronized progesterone carries a low risk of breast 
cancer with short-term use but generates an increased risk if 
used for long periods [49].

It is known that combination therapy and, to a lesser 
extent, estrogen-alone therapy promote increased prolif-
eration of breast cells, breast tenderness, and increased 
mammographic density, complicating the interpretation 
of mammography and delaying the diagnosis of breast 
cancer [20].

In The Million Women Study (MWS), researchers 
reported an increased risk of breast cancer in women who 
start hormone therapy soon after menopause [50]. Women in 
the WHI study who used estrogen alone had no increased 
risk of developing breast cancer after an average of 7.1 years 
of use, and there was even a decrease in the risk in this arm 
of the study, despite having shown an increase in risk early in 
treatment. It is claimed that the hypothesis that justifies this 

reduction in risk is the probable apoptotic effect exerted by 
estrogen on neoplastic mammary cells in an environment 
with low levels of estrogen [20]. This finding was not dem-
onstrated in the MWS [50].

 Ovarian Cancer

The association between hormone therapy and ovarian can-
cer is unclear. A cohort study of 44,241 postmenopausal 
women concluded that women who used estrogen alone as 
hormone therapy for more than 10  years had a significant 
risk of developing ovarian cancer, while those who used 
combined therapy for a short period showed no increased 
risk [51]. According to data from the MWS, women using 
hormone therapy are at increased risk for ovarian cancer 
[52]. Another observational study found a strong association 
between estrogen and death due to ovarian cancer. Moreover, 
the risk is increased in women who used estrogen for 10 years 
or more [20].

In a post hoc analysis of the arm of WHI using combina-
tion therapy for an average of 7.1 years, the incidence of non- 
small cell lung cancer did not increase significantly; there 
was, however, a significant increase in the number of deaths 
from this cancer, as well as the presence of metastatic and 
poorly differentiated tumors. This association was found 
exclusively in women over 60 years who were smokers or 
who had a history of smoking. The arm that used only estro-
gen therapy exhibited no increase in incidence or mortality 
from lung cancer [53].

 Cognition and Dementia

Randomized controlled studies of short duration, comparing 
estrogen with placebo, show inconsistent results. The meth-
odology, the type of estrogen, age, the type of menopause 
(natural or surgical), and, in particular, the tests performed 
are different. Some studies show benefits in some tests, 
focused mainly on memory and verbal fluency in patients 
using estrogen [20]. A meta-analysis concluded that the evi-
dence is still scanty and inconsistent and does not explain the 
improvement in symptoms and relief from depression, indi-
cating the need to evaluate the various types of hormone 
therapy used [54].

WHIMS reported hormone therapy (HT), conjugated 
equine estrogen (CEE) with or without medroxyprogester-
one acetate (MPA), increased the risk for dementia [HR 1.76 
(95% CI, 1.19–2.60); P  =  0.005] and global cognitive 
decline, with a mean decrement relative to placebo of 0.21 
points on the Modified Mini-Mental State Examination in 
women aged 65 and older. A subset of WHIMS participants 
joined the ancillary WHI Study of Cognitive Aging 
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(WHISCA) trials, in which domain-specific cognitive tests 
and mood were measured annually. Compared with placebo, 
CEE + MPA had a negative impact on verbal memory over 
time and CEE-alone was associated with lower spatial rota-
tional ability at the initial assessment, but the difference 
diminished over time. The ancillary WHIMS-MRI study 
measured subclinical cerebrovascular disease to possibly 
explain the negative cognitive findings reported by WHIMS 
and the increased clinical stroke in older women reported by 
the WHI. WHIMS-MRI reported that while CEE + MPA and 
CEE-alone were not associated with increased ischemic 
brain lesion volume relative to placebo, both CEE + MPA 
and CEE-alone were associated with lower mean brain vol-
umes in the hippocampus, frontal lobe, and total brain [55].

The evidence linking estrogen use with the prevention of 
Alzheimer’s disease is still inconsistent. Some observational, 
case-control, and cohort studies have shown reduced inci-
dence of Alzheimer’s disease in women using estrogen com-
pared with nonusers. Not all studies have shown favorable 
results [20].

 Principles of Treatment

 Patient Selection

In view of the results of the new clinical trials and the legacy 
brought by WHI, a risk stratification for the use of hormone 
therapy was developed, suggesting that a certain group of 
women would have a lower risk of adverse cardiovascular 
outcome. An age less than 60 years, onset of HT in the first 
10 years postmenopausal, LDL less than 130 mg/dl or LDL/
HDL ratio <2.5, absence of metabolic syndrome, and absence 
of genotype for Leiden factor V confer less risk. When ana-
lyzing the clinical impact of the KEEPS, WHI, and ELITE 
studies, we found that the results are reassuring for patients 
who require HT to treat menopausal symptoms at a young 
age [21, 44].

Although there are alternative therapies for the treatment 
of vasomotor symptoms, none appear to be as effective in the 
short term as hormone therapy, which is the gold standard 
treatment for most women with postmenopausal symptoms, 
except for those with a history of breast cancer and coronary 
heart disease, with a previous thromboembolic event or 
CHD, or at high risk for these complications. In the past, 
short-term therapy was defined as less than 5  years. This 
definition is somewhat arbitrary, since there is no consensus 
on the duration of treatment.

To date, postmenopausal HT, either using estrogen alone 
or in combination, should not be initiated for the prevention 
of cardiovascular diseases. Furthermore, postmenopausal 
HT is no longer considered a first-line option for the preven-
tion and treatment of osteoporosis [20].

 Preparations

Both estrogen and progesterone present common features 
typical of the class of drug, but also with potentially different 
properties (Table  13.2). In the absence of clinical trials 
designed to compare different hormonal formulations, it is 
necessary to generalize the results to all drugs belonging to 
this class. It is possible, however, to find differences within 
each family, such as potency, androgenicity, glucocorticoid 
effect, bioavailability, and route of administration.

Progesterone is recommended for all postmenopausal 
women with an indication for hormone therapy to prevent 
the risk of endometrial cancer in those women with an intact 
uterus [20].

 Dose and Route of Administration

Although it is not known whether lower doses of estrogen 
and progesterone have less effect on the cardiovascular sys-
tem and the risk of breast cancer, it is recommended to use 
low hormone doses, when possible (e.g., 0.3–0.45 mg of oral 
conjugated estrogens, 0.5  mg of oral estradiol, or 0.014–
0.0375 mg of transdermal estradiol). In some studies, these 
doses have proved to be suitable for the treatment of symp-
toms. Many studies on the efficacy and safety of use of estro-
gen have used conjugated estrogen at a dose of 0.625 mg, 
considered to be the standard dose. Low-dosage preparations 
generally contain half this dose [56].

Low-dose estrogen formulations are also available in the 
form of gel, cream, ova pill, and spray. The use of low hor-
monal doses sometimes requires a longer period of treatment 
to achieve maximum effectiveness in reducing vasomotor 
symptoms. Individualization of doses according to the wom-
an’s needs presents a good therapeutic strategy. Lower doses 
are associated with a lower incidence of side effects such as 
uterine bleeding and breast tenderness and may have a more 
favorable risk-benefit ratio [20].

In a case-control study, the risk of CHD was not increased 
with the use of low-dose transdermal estrogen (0.05 mg) but 
showed an increase with the use of oral and transdermal for-
mulation with a higher dosage [57]. All routes of administra-
tion can effectively treat vasomotor symptoms. Non-oral 
routes of administration, including vaginal and intrauterine 
ones, and transdermal patches, may offer both advantages 
and disadvantages compared to the oral route, but the long- 
term risk-benefit ratio has still not been demonstrated in 
clinical trials [20].

There are differences regarding the role of the hepatic 
first-pass effect, the hormone concentrations in the blood, 
and the biological activity of preparations. With transdermal 
therapy there is no significant increase in triglyceride levels, 
C-reactive protein, hormone-binding globulin, and the effect 
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on arterial pressure. It is suggested by the AACE 2017 rec-
ommendations that the transdermal route may be advanta-
geous for diabetic women and other cardiovascular risk 
factors as well as for women in old age [21]. There is a grow-
ing observational evidence that the transdermal route may be 
associated with a lower risk of deep vein thrombosis, CHD, 
and myocardial infarction [20].

There are various dosage options of progesterone with no 
harm to the endometrium. The dose varies according to the 
progestin chosen and the estrogen system used, starting with 
the lowest effective doses, such as 1.5 mg of medroxyproges-
terone acetate, 0.1 mg of norethindrone acetate, 0.5 mg of 
drospirenone, or 100 mg micronized progesterone. Oral pro-
gestogens, oral estrogen combinations, and combinations in 
the form of a patch have demonstrated endometrial protec-
tion and have been approved for use in postmenopausal hor-
mone therapy.

 Duration of Treatment

For postmenopausal women with moderate to severe vaso-
motor symptoms, and no contraindication for the use of 
estrogen, hormonal therapy is suggested as the treatment of 
choice. The lowest effective dose of estrogen should be used, 
with the shortest possible duration. Short-term therapy is 
considered for 2–3 years and generally not more than 5 years. 
Only a minority of women unable to successfully discon-
tinue treatment without the persistence of symptoms may be 

considered for a longer period of use, under close medical 
supervision [20]. Hormone therapy does not need to be rou-
tinely discontinued in women over 60 or 65 years old, and 
maintenance of its use may be considered beyond 65 years 
for persistent vasomotor symptoms, severe impairment of 
quality of life, or prevention of osteoporosis after adequate 
evaluation and advice on benefits and risks. Annual reassess-
ment including review of comorbidities and periodic HT 
reduction or discontinuation testing or change to low-dose 
transdermal patch routes should be considered [58].

 Discontinuation of Treatment

Many women do not have problems at the time of discon-
tinuation of treatment. Observational studies suggest that 
40–50% of women discontinue hormone therapy 1  year 
after starting treatment, and 65–75% stop in the second 
year, most often without medical follow-up. For other 
women the abrupt discontinuation of medication provokes 
the return of vasomotor symptoms and requires the resump-
tion of treatment [20].

The North American Menopause Society suggests that 
after a failed attempt to stop the therapy, prolonged use of 
postmenopausal hormone therapy may be reasonable for 
women who find that the benefits of symptom relief out-
weigh the risks. In this context, additional attempts are 
required at a later date for the discontinuation of postmeno-
pausal hormone therapy [58].

Table 13.2 Types of hormonal therapy for vasomotor symptoms

Drug Route Dose

17β-Estradiol Oral 1–2 mg/day
Ethinyl estradiol Oral 0.02–0.05 mg 1–3 times daily
Conjugated equine estrogens Oral 0.3–1.25 mg/day
17β-Estradiol patch Transdermal 0.014 mg/d–0.0375 mg/day 1 patch twice/week

17β-Estradiol gel Transdermal 0.25 mg/d or 0.75 mg/d 0.25 g gel daily
1.25 g gel daily

Estradiol 1 mg + norethindrone acetate 0,5 mg Oral 1 tab daily
Ethinyl estradiol 5mcg + norethindrone acetate 1 mg Oral 1 tab daily
17β-Estradiol 1 mg + norgestimate 0.09 mg Oral First 3 tablets contain estrogen, next 3 contain both hormones, alternate 

pills every 3 days
CEE 0.625 mg + medroxyprogesterone acetate 5 mg Oral First 14 tablets contain estrogen only and remaining 14 tablets contain 

both hormones
CEE 0.625 mg + medroxyprogesterone acetate 2.5 mg 
or 5 mg

Oral 1 tab daily

17β-Estradiol + norethindrone acetate Transdermal 0.05 mg/0.14 mg daily; 1 patch twice/week

17β-Estradiol + levonorgestrel Transdermal 0.45 mg/0.015 mg daily; 1 patch weekly
CEE 0.45 mg + Bazedoxifene 20 mg Oral 1 tablet daily
Medroxyprogesterone acetate Oral 1.5–2.5 mg daily
Norethindrone acetate Oral 0.1 mg daily in combination preparations or 14 days/month
Drospirenone Oral 0.25 mg daily
Micronized progesterone Oral 100 mg/d continuously or 200 mg/d for 12 days/month
Norethindrone acetate Transdermal 0.14 mg/d 1 patch twice/week
Levonorgestrel Transdermal 0.015 mg/d 1 patch/week
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 Complementary and Alternative Therapies

 Nonhormonal Therapy for Vasomotor 
Symptoms

α-Adrenergic agonists such as clonidine have been used 
with variable success, although scientific data is contradic-
tory [59]. A randomized clinical trial using oral clonidine 
showed no reduction in vasomotor symptoms. Normally, 
doses of 0.1 mg a day are required. Sometimes it can cause 
postural hypotension and have side effects in 50% of users, 
including insomnia. Beta-blockers have been used for the 
control of anxiety and palpitation but are not useful for hot 
flashes [60].

Serotonin selective reuptake inhibitors such as fluoxetine, 
paroxetine, and citalopram have been used in some studies. 
The most favorable finding indicates paroxetine at a dose of 
10 mg per day, as higher doses were not associated with bet-
ter symptom control. It may have adverse effects on the 
libido and should not be prescribed in patients with breast 
cancer using tamoxifen because it may modify the action of 
that drug [61].

Selective noradrenaline reuptake inhibitors, such as ven-
lafaxine, have been reported as effective in some small stud-
ies, especially in women with breast cancer unable to use 
hormone therapy. Usually venlafaxine is initiated at a dose 
of 37.5 mg and adjusted to a dose of 75 mg a day if neces-
sary [61].

Gabapentin has also been used to relieve vasomotor 
symptoms in women with breast cancer. The dose used is 
usually 300 mg three times a day, but in order to reduce side 
effects, the dose may be gradually titrated, in other words, 
300 mg per day for 2 weeks, 300 mg twice a day for 2 weeks, 
and finally, 300 mg three times a day after the first month 
(Table 13.3) [61].

 Other Hormone Therapies

In the USA dehydroepiandrosterone (DHEA) has been used 
to relieve vasomotor symptoms but has not been widely used 
in other countries such as the UK. Some studies have shown 
beneficial effects on libido, bone metabolism, cognition, 
well-being, and vaginal lubrication. An uncontrolled pilot 
study showed a slight decrease in hot flashes using DHEA. 
The treatment of GSM in estrogen-sensitive cancer survivors 
is challenging, since vaginal estrogen may be contraindi-
cated. In a randomized study comparing two doses of vaginal 
DHEA with a nonhormonal vaginal moisturizer in post-
menopausal cancer survivors, especially breast cancer, all 
three groups reported similar improvement in dyspareunia 
and vaginal dryness symptoms after 12 weeks of treatment, 
but only the group that used DHEA at the highest dose 
reported significant improvement in sexual function. 
Although it is a promising treatment for this specific sub-
group of women, safety data are required [62]. Evidence on 
the use of natural progesterone cream is limited, with studies 
showing no symptom relief compared with placebo [63].

 Phytohormones

Phytoestrogens, nonsteroidal compounds that are naturally 
present in many plants, fruits, and vegetables, present both 
estrogenic and antiestrogen activities. They are usually found 
in soybeans, lentils, flaxseed, grains, fruits, and vegetables. 
Data suggests that the lower risk of heart disease among 
Asian women compared with Western populations is due to 
the high consumption of soy products. This observation has 
led to an increasing interest in the potential use of phytoes-
trogens as an alternative to hormone therapy in postmeno-
pausal women. In fact, an increasing percentage of women 
(including women with a history of breast cancer) use soy 
products in their diet to help control the symptoms of meno-
pause. Moreover, many women believe that phytoestrogens, 
because they are “natural,” are safer than hormone therapy, 
although this has never been proven [64].

A review of the Cochrane Database of 30 randomized tri-
als evaluated the efficacy, safety, and acceptability of foods 
and supplements, including all phytoestrogens. The review-
ers concluded that there was no evidence that phytoestrogens 
help relieve menopausal symptoms [64].

 Botanicals

There is a wide range of natural products that have been used 
as a complementary therapy in menopause, without scientific 
evidence, such as St. John’s wort, Cimicifuga racemosa, gin-
seng, dong quai, agnus castus, and Gingko biloba [65].

Table 13.3 Nonhormonal pharmacological therapy for vasomotor 
symptoms

Class Drug Dose

α-Adrenergic agonists Clonidine 0.1 mg a day
Serotonin selective reuptake 
inhibitors

Fluoxetine 20 mg a day

Anticholinergic Oxybutynin 5–10 mg a 
day

Serotonin selective reuptake 
inhibitors

Paroxetine 7.5–10 mg a 
day

Serotonin selective reuptake 
inhibitors

Citalopram 20 mg a day

Selective noradrenaline reuptake 
inhibitors

Venlafaxine 75 mg a day

Selective noradrenaline reuptake 
inhibitors

Desvenlafaxine 100 mg a day

Structural analogue gamma 
aminobutyric acid

Gabapentin 900 mg a day
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 Tibolone

Tibolone, a drug that has been widely used in Europe and 
other countries for almost 20  years, is a synthetic steroid 
whose metabolites have estrogenic, androgenic, and progesto-
genic properties. It reduces vasomotor symptoms when com-
pared to placebo and has a beneficial effect on bone mineral 
density. Limited data suggests that it may also have a modest 
effect on symptoms of sexual dysfunction. However, tibolone 
has been associated with an increased risk of stroke recurrence 
and possibly breast cancer, based on data from the LIFT and 
LIBERATE studies, respectively, and is therefore not recom-
mended for routine use in the management of menopausal 
symptoms [66]. The LIFT trial, designed to examine the effect 
of tibolone on vertebral fractures in postmenopausal women, 
reported a reduction in the absolute risk of vertebral and non-
vertebral fractures (8.6 and 6.9 per 1000 person-years, respec-
tively, relative hazards of 0.55, 95% CI 0.41–0.74 and 0.74, 
95% CI 0.58–0.93, respectively). However, this trial was dis-
continued early, owing to an increased risk of stroke [67].

 Ospemifene

Ospemifene is a SERM with agonist action of estrogen in the 
vaginal epithelium and without estrogenic effect clinically 
significant in the endometrium or in the breast. Ospemifene 
was approved by the US Food and Drug Administration 
(FDA) in 2013 for the treatment of moderate to severe dys-
pareunia caused by vulvovaginal atrophy in menopausal 
women. Its use is indicated for women with symptomatic 
vulvovaginal atrophy refractory to non-pharmacological 
therapy, with contraindication to the use of vaginal estrogen 
or in those with difficulty of application, as in patients with 
severe obesity. Its disadvantages in relation to the use of vag-
inal estrogen are the need for daily use, the appearance of 
heat waves, and the potential risk of thromboembolism [68].

Bazedoxifene, a selective estrogen receptor modulator 
(SERM) with breast and endometrial safety, combined with 
conjugated estrogens, is available in the USA and Europe for 
the treatment of vasomotor symptoms and prevention of 
osteoporosis. The combination of conjugated estrogen at the 
dose of 0.45  mg and bazedoxifene 20  mg in women with 
moderate to severe heat waves decreases their frequency by 
approximately 75% versus 50% for placebo. To date no seri-
ous adverse events have been reported [69, 70].

 Others

A neurokinin 3 receptor antagonist (NK3R) is a potential non-
hormonal therapy for the control of heat waves. In a random-
ized, placebo-controlled clinical trial of an oral NK3R 

antagonist administered for 4  weeks in symptomatic post-
menopausal women, the average weekly number of heat 
waves decreased from approximately 85 at the baseline to 20 
and 50 in the treatment and placebo, respectively. The residual 
heat waves in the treatment group were also less severe. While 
the results of this assay are encouraging, long-term trials are 
required to determine the efficacy and safety of this drug [71].

Vitamin E has been associated with decreased vasomotor 
symptoms in an isolated clinical trial [72]. Herbs of tradi-
tional Chinese medicine, reflexology, and magnetic devices 
have been studied but have no beneficial effects [73]. 
Acupuncture has been studied as a potential therapy for hot 
flashes, but results so far are not promising [74].

 The Future

Although there is a real need to treat vasomotor symptoms 
and sleep disturbance in the menopausal transition, the long- 
term risks of hormone therapy preclude extended duration of 
use for the prevention of chronic disease. Although studies 
are currently under way to determine whether CHD risk will 
be impacted by the timing of initiation, the cancer risks are 
present at all ages, and some seem to persist after cessation 
of hormone therapy. The reduction in hip and vertebral frac-
ture dissipates after stopping hormone therapy, whereas the 
long-term risk of breast cancer and possibly lung and ovarian 
cancers continues. Alternative therapies for menopausal 
symptoms that would not increase the risk of cancer are 
sorely needed. Because breast cancer seems significantly 
impacted by the use of progestin, ways to oppose estrogen’s 
effect on the uterus without the use of a progestin are cur-
rently being developed.
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Male Hypogonadism

Alexandre Hohl and Marcelo Fernando Ronsoni

 Pathophysiology

The male reproductive tract is in constant interaction with 
the hypothalamic–pituitary–testes, to produce and secrete 
androgenic hormones (HAs) and produce, maintain, and 
transport sperm and seminal fluid, thus enabling male fecun-
dity. The HAs are critical for embryonic differentiation of 
internal and external male genitalia, development and main-
tenance of secondary sexual characteristics, and androgenic 
extra-gonadal effects [1].

During embryonic development, primordial gonads dur-
ing the first weeks of pregnancy suffer a cascade of events 
that culminate in sexual differentiation. The undifferentiated 
germ cells of the gonads subsequently differentiate into 
Sertoli cells and interstitial cells differentiate into Leydig 
cells constituting the endocrine testicular tissue. In the pres-
ence of sex chromosomes XY, from the seventh week of 
pregnancy, the activity of the gene SRY (sex-determining 
region on the Y chromosome) starts, located on the short arm 
of the Y chromosome, which encodes a protein that, together 
with other factors encoded by other chromosomes (autoso-
mal or X chromosome), act in embryonic differentiation 
from the primordial gonad. Sertoli cells secrete the anti- 
Mullerian hormone that promotes regression of Mullerian 
ducts. After about 8  weeks of gestation, the Leydig cells 
already have the capacity to produce steroids and, together 
with the stimulation of human chorionic gonadotropin (hCG) 
produced by the placenta, secrete testosterone, beginning the 
process of stabilizing Wolff ducts and with that the differen-
tiation of the internal sexual organs. The differentiation of 
testosterone into dihydrotestosterone (DHT) by the enzyme 
5α-reductase causes DHT to stimulates the differentiation of 
the external genitalia [2, 3].

The synthesis of testosterone occurs in Leydig cells 
(interstitial compartment) in response to the stimulation of 
luteinizing hormone (LH). The spermatogenesis in the som-
niferous tubules is dependent on the action of follicle- 
stimulating hormone (FSH) in Sertoli cells (germ cells) and 
by the action of testosterone. Approximately 95% of the tes-
tes match compartment germ cells, which explains the enor-
mous daily production of sperm. The gonadotropins (LH and 
FSH) are produced in the pituitary in its anterior portion 
(gonadotrophs) through stimulation of GnRH produced in 
the hypothalamus, which is transported through the pituitary 
portal system [4]. Testosterone is the principal androgen 
plasma in men, is synthesized predominantly in the testes, 
and small quantities in the adrenal glands. The circulating 
testosterone (total testosterone) represents the set of existing 
forms, being the absolute value of testosterone, 2% in its free 
form, coupled with 44% of androgen binding protein (steroid 
hormone binding globulin [SHBG]) and 54% bound to albu-
min [3].

Testosterone is the most important testicular androgen in 
men. Low serum testosterone levels are associated with car-
diovascular morbidity, metabolic syndrome, type 2 diabetes 
mellitus, atherosclerosis, osteoporosis, sarcopenia, and mor-
tality. There is increasing evidence that serum testosterone is 
a major biomarker status of men’s health in general. Studies 
in twins indicate that in an individual there is a strong herita-
bility of serum testosterone. Research based on genomes has 
sought to evaluate the effects of genetic variants on serum 
concentrations of testosterone. Analysis of 14,429 men 
showed that genetic variants in SHBG and on their locus on 
the X chromosome are associated with a wide variation in 
serum testosterone concentrations and an increased risk of 
low levels. A genetic variant that affects the affinity of testos-
terone to SHBG, interfering directly in its free fraction, could 
influence the mathematical calculations that estimate their 
serum. Thus, in the future it may be necessary to evaluate the 
affinity of testosterone to SHBG and this is taken into account 
in the measurement of serum levels, as well as analysis of 
genetic polymorphisms closely related to these variables [5].
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The testicular disorders can be classified into disorders of 
production and/or action of sex steroids, disorders of sper-
matogenesis, and testicular neoplasms. Male hypogonadism 
and gynecomastia are the most prevalent disorders in the pro-
duction of sex steroids in men. Defects in androgen action 
include mutations in different receptors (androgen, estrogen- 
alpha) and enzymes (5-α reductase, aromatase). The defects of 
spermatogenesis characterize infertility or sub-fertility [1].

Male hypogonadism is a syndrome associated with distur-
bances of the production or action of testosterone and/or dis-
orders in spermatogenesis. Testosterone deficiency can result 
from abnormalities in testicular function, such as disorders 
in testosterone production and/or spermatogenesis disorders 
(primary hypogonadism), the regulation of the hypothalamic 
pituitary or testicular function (secondary hypogonadism), 
or disorder of hormone action due to a reduced or absent 
function of the androgen receptor (androgen insensitivity). 
Testosterone deficiency may occur as a result of Leydig cell 
dysfunction in primary hypogonadism by insufficient secre-
tion of GnRH and/or LH at secondary hypogonadism (pitu-
itary and hypothalamic) [6].

Primary gonadal failure may be due to congenital and 
acquired disorders. Already, a secondary gonadal failure 
may be due to functional or organic abnormalities (congeni-
tal and acquired; Table  14.1). Primary testicular failure is 

Table 14.1 Causes of hypogonadism

Primary hypogonadism
Congenital
   1. Chromosomal disorders
    (a)  Klinefelter syndrome and related syndromes (such as Male 

46 XX)
    (b) Enzyme defects in the biosynthesis of testosterone
    (c) Myotonic dystrophy
   2. Developmental disorders
    (a) Exposure to prenatal endocrine disruptors
    (b) Cryptorchidism
    (c) Anorchia due to bilateral torsion testes syndrome
    (d) Noonan syndrome
Acquired
   1. Orchitis
   2. Mumps and other viruses
   3. Infiltrative diseases (such as amyloidosis, hemochromatosis)
   4. Acquired immunodeficiency syndrome (AIDS)
   5. Granulomatous diseases (such as leprosy and tuberculosis)
   6. Irradiation
   7. Surgical lesions
   8. Trauma and testicular torsion of the testicle
   9. Varicocele
   10. Autoimmune testicular failure
    (a) Isolated

Table 14.1 (continued)

    (b)  Associated (as Hashimoto’s thyroiditis, type 1 diabetes 
mellitus)

   11. Drugs
    (a)  Anti-androgenic steroids (as flutamide, cimetidine, 

cyproterone, spironolactone, ketoconazole)
    (b) Cytotoxic
   12.  Endocrine disruptors (such as insecticides, heavy metals, 

gossypol, environmental estrogens)
Androgen resistance syndrome
   1. Testicular feminization syndrome (Morris syndrome)
   2. Reifenstein syndrome
Secondary hypogonadism
Congenital
   1. Multiple pituitary hormone deficiency
   2. Pituitary aplasia or hypoplasia
   3. Defects in the secretion or action of GnRH
    (a) Mutation Kalig-1
    (b) Mutation in GnRH receptor
   4. Defects in the action or secretion of gonadotropins
    (a) Inactivating mutations of the LH-β gene
    (b) Inactivating mutations of the LH receptor gene
    (c) Inactivating mutations of the FSH-β gene
    (d) Mutation in DAX-1 and SF
   5. GnRH deficiency
    (a)  Isolated (idiopathic hypogonadotropic or isolated 

hypogonadism)
    (b) With anosmia (Kallmann syndrome)
    (c)  Associated with other abnormalities (Prader–Willi 

syndrome, Laurence–Moon, and Bardet–Biedl syndrome, 
CHARGE syndrome, Rud syndrome, multiple lentigines, 
basal encephalocele, cerebellar ataxia)

    (d) Partial deficiency of GnRH (fertile eunuch syndrome)
Acquired
   1. Traumatic brain injury
   2.  Post-radiation central nervous system, post-surgery, pituitary 

infarction, carotid aneurysm
   3. Neoplasms
    (a)  Pituitary adenomas: prolactinomas, nonfunctioning 

adenomas, other adenomas
    (b) Craniopharyngiomas, germinomas, gliomas, lymphomas
   4. Autoimmune hypophysitis
   5.  Functional disorders: anorexia nervosa, dysfunction secondary 

to stress or other systemic diseases
   6.  Infiltrative disease: sarcoidosis, Langerhans cell histiocytosis, 

hemochromatosis
   7. Infectious diseases: tuberculosis, histoplasmosis, abscesses
   8. Drugs
   9. Endocrine disruptors
Combined hypogonadism
   1. Aging
   2. Alcoholism
   3. Hemochromatosis
   4. Sickle cell anemia
   5. Congenital adrenal hypoplasia (mutation of DAX-1)
   6. Endocrine disruptors

A. Hohl and M. F. Ronsoni



141

characterized by low levels of testosterone and/or disorders 
of spermatogenesis associated with high concentrations of 
LH and FSH (hypergonadotropic hypogonadism). Secondary 
testicular failure is associated with low testosterone levels 
and inappropriately normal or low concentrations of LH and 
FSH (hypogonadotropic hypogonadism).

Secondary hypogonadism is usually associated with simi-
lar decreases in sperm and testosterone production. This 
occurs because the reduction in LH secretion promotes a 
reduction of testosterone production in the testes and, conse-
quently, of intratesticular testosterone (primary hormonal 
stimulus for the production of sperm). In primary hypogo-
nadism there may be a decrease in spermatogenesis in major 
damage in the cells of the seminiferous tubules (Sertoli cells) 
compared with Leydig cells. When this occurs, the subjects 
may present normal LH and testosterone levels, even with a 
number of ejaculated sperm very low or near zero. In these 
cases, FSH levels will be high.

In cases of secondary hypogonadism there is also less 
susceptibility to the occurrence of gynecomastia, probably 
due to normal or low levels of FSH and LH, which do not 
stimulate testicular aromatase, not increasing the conversion 
of testosterone to estradiol.

 Causes of Hypogonadism

 Primary Hypogonadism (Hypergonadotropic)

 Congenital Causes

Klinefelter Syndrome
The Klinefelter syndrome (KS) is the most common sex 
chromosomal disorder in men, affecting one in every 660 
children born alive [7]. It was first described in 1942. KS has 
a genetic background, with characteristics involving various 
specialties as embryology, pediatrics, endocrinology, cardi-
ology, psychology, psychiatry, urology, and epidemiology.

Genetic inheritance is the extra X chromosome, which can 
be inherited from either parent. Most genes undergo additional 
X inactivation, but some may escape and serve as a genetic 
cause of the syndrome. Of these genes, the one that has been 
clearly shown to influence the phenotype of KS was short-stat-
ure home box-containing gene on chromosome X (SHOX) 
located pseudoautosomal region 1  in Xp. The haploinsuffi-
ciency of SHOX gene has been implicated in growth retardation 
and bone abnormalities in Turner syndrome and Leri–Weill dys-
chondrosteosis, and is also implicated in the slightly accelerated 
growth in KS [8]. The more frequent karyotype in men with KS 
is 47, XXY (93%) but karyotypes 46, XY/47, XXY; 48, XXXY; 
48, XXYY; and 49, XXXXY have been reported [7].

Klinefelter syndrome is commonly under-diagnosed or 
is diagnosed late. Most men with KS live without a diag-

nosis. Boys with KS are likely to receive a diagnosis dur-
ing evaluation for developmental delay and behavioral 
issues. Men with KS usually come to attention during 
evaluation for infertility or hypogonadism. Only 25% of 
cases are diagnosed and the average age of diagnosis is 
30 years. A recent Australian study found a prevalence of 
223 cases per 100,000 live births in boys [9], proposing an 
increase in the prevalence observed in several previous 
studies [10] and suggesting that it might differ between 
populations.

Klinefelter syndrome is associated with increased mor-
bidity resulting in loss of life, and an increase in mortality 
owing to various diseases. Large epidemiological studies in 
KS were performed in two main cohorts: a British [11] and a 
Danish [12]. Together these studies show that the expected 
lifetime was reduced by 1.5–2 years, with increased mortal-
ity from various diseases, including diabetes, pulmonary dis-
ease, epilepsy, cerebrovascular disease, and vascular 
insufficiency of the intestine. In both studies, mortality 
among men with KS was significantly greater (hazard ratio: 
1.9) and remained so after adjustment for social cohesion 
and education level (hazard ratio: 1.5), indicating that socio-
economic parameters can explain some but not all excess 
mortality in KS.

The main findings of KS are small testes, hypergonado-
tropic hypogonadism, and cognitive impairment. Other 
abnormalities are associated with KS and its frequency is 
varied (Table 14.2) [7].

Azoospermia is found in the vast majority of men with 
KS who have the karyotype 47, XXY. The mechanism by 
which an extra X chromosome causes infertile patients is not 
well known. Men with germ cell mosaics can present in their 
testicles, especially at a younger age. The testicular histology 
in men with KS shows hyalinization of seminiferous tubules 
and an absence of spermatogenesis. Patients with mosaics 
may show normal-sized testes and spermatogenesis in 
puberty. However, the progressive degeneration and hyalin-
ization of seminiferous tubules occur soon after puberty. 
Therapeutic advances with the use of intracytoplasmic sperm 
injection allow 47, XXY men with azoospermia to achieve 
biological fatherhood [13].

The behavioral phenotype of KS is characterized by lan-
guage, executive, and socioemotional dysfunction and psy-
chomotor impairment. Boys with KS often need speech 
therapy, and many suffer from learning difficulties and may 
benefit from special education. The prevalence of schizo-
phrenia, attention deficit hyperactivity disorder, autism spec-
trum disorders, and problems with mood regulation is 
increased. Neuroimaging studies of children and adults with 
KS show increases in the volume of gray matter sensorimo-
tor and parieto-occipital regions, as well as significant reduc-
tions in the amygdala, hippocampus, insular, temporal, and 
inferior frontal volumes of gray matter [14].
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Hypogonadism in KS may lead to changes in body 
composition and a risk of developing metabolic syndrome 
and diabetes type 2. Medical treatment is mainly testos-
terone replacement therapy to relieve acute and long-
term hypogonadism, as well as treatment or prevention of 
comorbidities.

Other Chromosomal Abnormalities
Other chromosomal abnormalities that result in testicular 
hypo function were reported, including rare diseases 46, 
XY/XO and 47, XYY. The karyotype 46, XY/XO leads to 
a syndrome characterized by short stature and other typical 
features of Turner syndrome. The gonad digenesis varies 
from the normal testes. The risk for gonadoblastoma is 
about 20% of digenesis. Gonadectomy should therefore be 
conducted in these patients [15, 16]. The karyotype 47, 
XXY was initially associated with hypogonadism, but 
other reports have not confirmed this relationship further. 
Micro deletion-specific regions of the long arm of chromo-
some Y can be detected in approximately 20% of men with 
severe oligospermia or azoospermia. Some of these men 
have no other testicular lesions, but others have cryptor-
chidism [17].

Myotonic dystrophy, an autosomal-dominant disease, 
leads to muscle atrophy and is accompanied by hypogonad-
ism that is usually not recognized until adulthood. Small tes-

tes and decreased production of sperm are more common 
than reduction of serum testosterone levels [18, 19].

Disorders of Androgen Synthesis
Mutations in genes encoding the enzymes necessary for the 
biosynthesis of testosterone may result in a decrease in their 
serum. The rare mutations found are enzyme cleavage of the 
side chain of cholesterol, 3β-hydroxysteroid dehydrogenase, 
17α-hydroxylase (present in the adrenals and testes), and 
17β-hydroxysteroid dehydrogenase (present only in the tes-
tes). Depending on the degree of mutation differing degrees 
of fetal virilization are met [20].

Mutation in FSH and LH Genes
Changes in LH and FSH receptors are rare causes of primary 
hypogonadism. The mutation in the FSH receptor induces a 
variable sperm count, which tends to be generally low and 
concentrations of inhibin B and FSH levels. Mutations in LH 
receptor results in hypoplasia and Leydig cell testosterone 
deficiency in the first trimester in utero, resulting in different 
degrees of disorder of sexual development DDS [21–23].

Cryptorchidism
Cryptorchidism is a condition in which one or both of the 
testes fail to descend from the abdomen into the scrotum. The 
main sites are the inguinal canal and abdominal cavity. It is 
necessary to differentiate between the possible cryptorchid 
testes and shrunken testicles, that on manipulation, return to 
the scrotum normally. Cryptorchidism can affect one or both 
testes. If only one testes is affected, the sperm count is sub-
normal in 30% of cases (and the concentration of FSH is 
slightly raised), suggesting that even in the presence of one 
normolocated testicle, this may present different degrees of 
testicular dysfunction. If both testes are cryptorchid, the 
sperm count is usually severely impaired and serum testoster-
one may also be reduced. The risk of gonadoblastoma also 
increases if the testicle is not in its normal position [24, 25].

Congenital Anorchia
Congenital anorchia occurs in disorders (after 20 weeks of 
gestation) that lead to testes regression. The male sex differ-
entiation at birth is normal, but the testes are absent and 
hypogonadism in general is important [26]. The diagnosis is 
confirmed after anorchia with a full search of imaging stud-
ies (both in the scrotum and in the abdominal cavity) and, if 
necessary, laparotomy. There are case reports that testoster-
one treatment in adult men with congenital anorchia and 
micropenis can lead to penis enlargement.

 Acquired Causes

Varicocele
Damage to the seminiferous tubules due to varicosity of the 
venous plexus within the scrotum has been considered a pos-

Table 14.2 Abnormalities associated with Klinefelter syndrome

Feature Frequency (%)
Infertility (adults) 91–99
Small testes (both testes <6 ml) >95
Increased gonadotropin >95
Azoospermia (adults) >95
Commitment to learning (children) >75
Decreased testosterone 63–85
Decreased facial hair (adults) 60–80
Decreased pubic hair (adults) 30–60
Gynecomastia (teens/adults) 38–75
Delayed speech development (children) 40
Increased height (prepubertal/adults) 30
Adiposity (adults) 50
Metabolic syndrome (adults) 46
Osteopenia (adults) 5–40
Type 2 diabetes mellitus 10–39
Cryptorchidism 27–37
Reduced penis size (children) 10–25
Psychiatric disorders (children) 25
Congenital malformations, ogival palate, 
inguinal hernia

18

Osteoporosis (adults) 10
Mitral valve prolapse (adults) 0–55
Breast cancer (adults) Increased risk (50 

times)
Mediastinum cancer (children) Increased risk (500 

times)
Fractures Increased risk (2–40 

times)
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sible cause of male infertility. Current data are conflicting 
about the real benefit of varicocele correction in relation to 
fertility [27].

Orchitis
Several infections may be associated with testicular damage. 
The most common cause is mumps and orchitis is a frequent 
manifestation when occurring in adulthood. The incidence 
has decreased owing to the vaccination of the population. 
The involvement of testicular mumps causes increased pain-
ful testicles, followed by atrophy. The seminiferous tubules 
are often severely affected, often resulting in infertility, espe-
cially when both testicles are involved. The Leydig cells can 
also be damaged, resulting in decreased production of 
testosterone.

Chronic Diseases
Gonadal dysfunction is a common finding in men with 
chronic kidney disease (CKD) and end-stage kidney disease. 
Testosterone deficiency, generally accompanied by elevated 
serum gonadotropin, is present in 26–66% of men with vary-
ing degrees of renal impairment. Uremia-associated hypogo-
nadism is multifactorial in origin, and rarely improves with 
the onset of dialysis, although usually it normalizes after 
renal transplantation. Although there are encouraging data 
suggesting benefits of testosterone replacement therapy for 
CKD patients, more studies are needed regarding the safety 
and efficacy [28].

The gonadal function requires a normal liver function. 
It is well known that the clinical symptoms of hypogonad-
ism are common in patients with liver cirrhosis. The 
pathogenesis of hypogonadism in cirrhotic patients is 
complex and not well explained. It involves both a gonadal 
dysfunction and a central disturbance [29]. Hypogonadism 
is a potential complication of hemochromatosis, usually 
seen in patients with severe iron overload and liver cir-
rhosis [30].

Other infiltrative or granulomatous disease may promote 
primary gonadal failure, varying clinical demonstrations, 
and testicular dysfunction according to the degree of involve-
ment of the underlying disease. Examples are tuberculosis 
and leprosy.

HIV Infection
Men who have HIV may have hypogonadism to varying 
degrees. The premature decline of serum testosterone is 
common (16%) among young and middle-aged HIV-infected 
men and is associated with inappropriately low or normal 
LH and accumulation of visceral adipose tissue. Testosterone 
deficiency may be regarded as a process of accelerated or 
premature aging. The role of HIV and/or treatment of HIV 
infection have yet to be elucidated [31]. The frequency of 
hypogonadism and its severity appear to have decreased 
since the introduction of antiretroviral therapy.

Irradiation
Direct radiation to the testes, as the treatment for leukemia, 
can damage them. Even when radiation is indirect, damage 
may occur in the seminiferous tubules. The degree of dam-
age is proportional to the amount of radiation exposure. 
Radioactive iodine may cause a decrease in sperm count 
when the doses administered are high for the treatment of 
differentiated thyroid carcinoma.

Gonadal Toxicity of Cancer Chemotherapy
The number of surviving young men with cancer has 
increased dramatically over the past 20 years as a result of 
early detection and better treatment protocols for cancer. 
Over 75% of cancer patients diagnosed in youth are long- 
term survivors.

The gonadal dysfunction has emerged as an important 
long-term complication of cancer chemotherapy, especially 
in young patients with hematological and testicular malig-
nancies. Infertility can be a significant issue for many cancer 
survivors. The male hypogonadism after chemotherapy may 
contribute to fatigue, sexual dysfunction, irritability, loss of 
lean mass, and osteopenia. Quality of life and recovery from 
cancer treatment is worsened by this clinical symptom.

Cytotoxic chemotherapy may cause gonadal injury, and 
the nature and extent of the damage depends on the drug, the 
dose received, and the age of the patient. Many drugs are 
toxic (Table  14.3), including procarbazine, cisplatin, and 
alkylating drugs such as cyclophosphamide, melphalan, and 
chlorambucil. However, all chemotherapeutic drugs can 
cause damage to gonadal function [32]. The relative contri-
bution of each individual drug can be difficult to determine 
because most treatments are conducted with multiple drug 
regimens [33].

Trauma and Torsion of Testes
Any trauma in the testes may be sufficient to damage both 
the seminiferous tubules and the Leydig cells. Testicular tor-
sion is one of the most common reasons for the loss of a 
testicle before puberty. The torsion of a testes is a twist in the 
spermatic cord, which results in severe loss of blood to the 

Table 14.3 Estimated risk of gonadal dysfunction with cytotoxic 
agents

High risk Medium risk Low risk
Cyclophosphamide Cisplatin Vincristine
Ifosfamide Carboplatin Methotrexate
Chlormethine Doxorubicin Dactinomycin
Busulfan BEP Bleomycin
Melphalan ABVD Mercaptopurine
Procarbazine Vinblastine
Chlorambucil
MOPP

ABVD adriamycin, bleomycin, vinblastine, and dacarbazine, BEP bleo-
mycin, etoposide, and cisplatin, MOPP nitrogen mustard, oncovin (vin-
cristine), procarbazine, and prednisone
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testes. The loss of the testes can occur owing to a lack of 
blood if the twist is not reverted spontaneously or surgically 
corrected within a few hours. The degree of damage depends 
on the length of the twist. A twist that lasts more than 8 h can 
promote enough damage to decrease the sperm count. Even 
when the twist involves only one testicle, both testicles may 
be damaged; however, it is not clear how this can occur 
[34–36].

Medications
Ketoconazole directly inhibits the biosynthesis of testoster-
one, thereby causing a deficiency in production [37]. Chronic 
use of glucocorticoids can also decrease testosterone levels 
in about one third of individuals. The mechanism is not clear, 
but the inhibition can occur in both testes and in the pituitary 
gland [38, 39].

Autoimmune Testicular Failure
It may occur in isolation or as a manifestation of polyglandu-
lar autoimmune syndrome and should be considered in all 
patients with other concomitant autoimmune diseases [40].

 Secondary Hypogonadism 
(Hypogonadotropic)

 Congenital Causes
The etiology of congenital gonadotropin dysfunction is rare. 
Clinical findings vary among individuals mainly because of 

the time of onset of dysfunction of gonadotropins. Sexual 
differentiation is normal because testosterone secretion by 
Leydig cells in the fetal first trimester of pregnancy is depen-
dent on the stimulation of placental hCG.  Penile develop-
ment occurs primarily during the third trimester of pregnancy, 
and is often subnormal because testicular testosterone secre-
tion at this stage is dependent on fetal LH secretion, which is 
also subnormal. This results in many cases in micropenis. 
The linear growth in childhood is normal, deficits occurring 
only when associated with deficiency in the production of 
growth hormone or thyroid hormone. Most diagnoses are 
made during puberty. Pubertal development can start and 
progress slowly, becoming it incomplete in many cases. In 
some patients, depending on the degree of gonadotropin 
deficiency, delayed puberty may present or absent [41].

Isolated Hypogonadotropic Hypogonadism
It is characterized by isolated deficiency of gonadotropins, with-
out changes in smell and due to deficient secretion of GnRH, 
GnRH receptor mutation, or mutations of β fractions of LH or 
FSH. Several genetic mutations may be involved in the produc-
tion process, hormonal secretion, or action (Table 14.4). Many 
cases remain of unknown etiology [42, 45].

Kallmann Syndrome
Kallmann syndrome is characterized by hypogonadotropic 
hypogonadism and another congenital abnormality that is 
not gonadal, including anosmia or hyposmia, red–green dal-
tonism, midline facial defects, abnormalities of the urogeni-

Table 14.4 Genes involved in the etiology of hypogonadotropic hypogonadism [22, 23, 42–44]

Gene Product Function Clinical
CHD7 Protein linker of 

chromodomain-type DNA 
helicase-7

Development of the neural crest, protein 
bound to DNA

CHARGE syndrome — semicircular canal aplasia, 
hypoplasia of the olfactory bulb, GH deficiency, 
hypothyroidism, congenital malformations that include 
hypogonadotropic hypogonadism (with micropenis and/or 
cryptorchidism)

DAX1/
NR0B1A

Gene 1 of sex reversal Development of adrenal secretion of 
gonadotropin control

Adrenal hypoplasia congenital X-linked (primary adrenal 
insufficiency that is expressed in the early stages of life)

FGF8 Fibroblast growth factor 
type 8

FGFR1 Binder/migration of GnRH 
neurons

Kallmann syndrome

FGFR1 Receptor type 1 fibroblast 
growth factor (FGF 
receptor 1)

Migration of GnRH neurons Kallmann syndrome

FSHβ Β subunit of FSH Binder receptor FSH Isolated FSH deficiency (azoospermia, small testes in soft 
and undetectable serum FSH)

GnRH1 Pre-hormone GnRH GnRH synthesis and cell signaling Isolated hypogonadotropic hypogonadism
GnRHR GnRH receptor Synthesis of LH and FSH Isolated hypogonadotropic hypogonadism, LH-isolated 

deficiency (partial mutations)
GPR54/
Kiss1R

Receptor 1 of Kisspeptin Stimulation of secretion of GnRH Isolated hypogonadotropic hypogonadism with attenuated 
LH response to exogenous GnRH stimulation

HESX-1 Homeobox protein ANS Marking the previous visceral endoderm 
embryo

Syndrome of septo-optic dysplasia (optic nerve hypoplasia, 
radiological changes of online medical and hypoplastic 
anterior pituitary (hypopituitarism with neuro-ectopic 
posterior pituitary) and Pickhardt–Fahlbusch syndrome

HS6ST1 6-O-sulfotransferase 
heparin sulfate

Catalyzes transfer of the sulfate at 
position-6 in the biogenesis of heparin 
sulfate

Hypogonadotropic hypogonadism
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tal tract, synkinesis (mirror movements), and sensorineural 
hearing loss. Hypogonadism is due to deficient secretion of 
GnRH owing to defects in the migration of GnRH-secreting 
neurons that have the same embryological origin as those 
olfactory neurons. Most cases are sporadic, but there may be 
a familial transmission (X-linked inheritance is autosomal 
dominant or recessive). Studies have shown mutations in 
genes encoding several adhesion molecules on the cell sur-
face, receptors or necessary for the migration of neurons, 
such as fibroblast growth factor receptor 1 (also called 
KAL1) procineticina-2 (PROK2) and its receptor 
(PROKR- 2). These mutations together represent less than 
half of the cases described [22, 23, 43, 45].

Laurence–Moon and Bardet–Biedl Syndrome
These are etiologies of hypogonadism associated with retini-
tis pigmentosa and developmental delay. Laurence–Moon 
syndrome is associated with spastic paraplegia and Bardet–
Biedl is associated with post-axial polydactyly, renal dyspla-
sia, and early-onset obesity [46, 47].

Deficiencies of Transcription Factors
Some individuals have involvement of other hormonal axes 
in association with gonadotropin deficiency. Mutations in 
PROP-1 mutations represent the most common known 
genetic cause of hypopituitarism both in sporadic and famil-
ial cases [22, 23].

 Acquired Causes
Hypogonadotropic hypogonadism can be caused by any dis-
ease that interferes with the hypothalamic–pituitary axis. 
The mechanisms that may be involved (one or more) are 
hypothalamic disorders (that impair the GnRH secretion), 
disorders of the pituitary stalk (that interfere with the pas-
sage of GnRH into the pituitary gland), and pituitary disor-
ders (that directly decrease the secretion of LH and FSH).

 Disorders of Gonadotropin Secretion

Hyperprolactinemia
Hyperprolactinemia of any cause can suppress gonadotropin 
secretion and thus testicular function [48]. Hypogonadism is 
reversible with normalization of prolactin.

Drugs

 – Sexual steroids:

The use of androgen, estrogen, or progesterone may alter 
the secretion of gonadotropins. The recreational use of male 
sex hormones can interfere with the aim of anabolism in the 
secretion of gonadotropins during the period they are being 
used and, after several months of drug withdrawal when high 
doses are used. Recent data show that abuse of androgens 
can lead, in addition, to hypogonadism, increased cardiovas-

Gene Product Function Clinical
KAL1 Anosmin-1 Cell adhesion glycoprotein (expressed in 

embryonic development in olfactory 
bulb, cerebellum, spinal cord, kidney, 
and retina), migration of GnRH neurons

Kallmann syndrome

LEP Leptin Hormone regulating food intake, energy 
expenditure, and hypothalamic 
reproductive function

Homozygous mutation in the leptin exhibits morbid 
obesity and hypogonadism (apparently of hypothalamic 
origin)

LEPR Leptin receptor Membrane receptor Morbid obesity and hypogonadism (apparently of 
hypothalamic origin)

LHX3 Transcription factor required for the 
development of pituitary

Hypopituitarism (corticotropic-preserving function) 
associated with limitation of neck rotation (rigid cervical 
spine), elevated and anteverted shoulders

LHβ Β subunit of LH Binder receptor LH Isolated FSH deficiency (fertile eunuch syndrome — 
deficient production of testosterone associated with 
varying degrees of spermatogenesis)

NELF Factor nasal embryonic 
LHRH

Neuronal migration Hypogonadotropic hypogonadism

PROK2 Type 2 prokineticin Migration of GnRH neurons Kallmann syndrome
PROKR2 Receptor type 2 

prokineticin
Migration of GnRH neurons Kallmann syndrome

TAC3 Neurokinin B Binder TACR3, stimulates GnRH 
secretion

Hypogonadotropic hypogonadism

TAC3R Neurokinin B receptor Stimulates the secretion of GnRH Hypogonadotropic hypogonadism
WDR11 Protein WD Interaction with transcription factor 

EMX1/GnRH neuronal migration
Hypogonadotropic hypogonadism

Table 14.4 (continued)
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cular morbidity, and mortality [49]. Estrogens and progestins 
used as appetite stimulants can promote secondary hypogo-
nadism in some individuals.

 – Glucocorticoids:

Chronic treatment with glucocorticoids can lead to hypo-
gonadism. Prolonged use in various diseases in current med-
ical settings, and the indiscriminate use of steroids, showed 
the effect of medication on the pulsatility of gonadotropins 
and consequently on gonadal function [38].

 – Opiates:

When administered chronically, especially when continu-
ing to control chronic pain, opiates often cause pronounced 
hypogonadism [50, 51]. Opioids, endogenous and exoge-
nous, modulate gonadal function, acting mainly on opioid 
receptors in the hypothalamus, decreasing the secretion or 
causing loss of pulsatility of normal gonadotropin-releasing 
hormone (GnRH). Opioids may also have direct effects on 
the pituitary gland and testes [52].

 – GnRH Analogs:

The prolonged administration of GnRH analogs leads to a 
decrease in the secretion of LH and hence in the secretion of 
testosterone. Currently, drugs as triptorelin and histrelin are 
much used in the adjuvant treatment of prostate cancer [53].

Chronic Diseases
Several systemic and chronic diseases, including cirrhosis, 
chronic kidney failure, chronic lung disease, and AIDS, 
cause hypogonadism by a combination of primary and sec-
ondary effects [54].

Critical Conditions
Any serious illness, surgery, myocardial infarction can cause 
hypogonadism. Decreased levels of LH are found in criti-
cally ill patients, suggesting an involvement in the pituitary 
gonadal function [55, 56].

Anorexia Nervosa
Although less common in adolescent males, anorexia may 
also be associated with secondary hypogonadism, character-
ized by functional hypothalamic changes, and interfering 
with the proper secretion of GnRH [57].

Diabetes Mellitus
Male patients with type 2 diabetes mellitus (T2DM) have a 
higher prevalence of low serum concentrations of testoster-

one than men without diabetes. The pathogenesis of this dis-
order is still uncertain, but it is known that there is a decrease 
in both total testosterones as its free fraction. Patients with 
T2DM have other signs and symptoms of metabolic syn-
drome, which may contribute to further enhancing the hor-
monal deficit [58–62].

Obesity
The European Male Aging Study demonstrated that men 
who are overweight (BMI 25–29 kg/m2) and those who are 
obese (BMI ≥ 30 kg/m2) tend to have lower serum concen-
trations of the hormone binding globulin (SHBG) and, 
therefore, lower serum total testosterone, inasmuch as the 
concentration of total serum testosterone to SHBG is due to 
a low concentration of free testosterone is normal. However, 
men who are obese may also have low levels of free testos-
terone. At all ages, total testosterone and SHBG concentra-
tions were lower in overweight men than in men of normal 
weight and even lower in obese men. Free testosterone was 
similar in men with normal weight and overweight, but 
lower in obese men. Serum concentrations of LH did not 
increase in patients with BMI above the normal range, dem-
onstrating a disorder in the central gonadal axis [61–63].

 Disorders of Direct Gonadotroph

Benign Tumors and Cysts
Pituitary adenomas and sellar cysts can cause decreased cell 
function by a gonadotropic local mass effect, decreasing the 
release of LH and FSH.

Neoplasms
Malignant tumors of the central nervous system (CNS), 
metastases, or other malignancies can affect the functioning 
of the gonadal axis by interfering with the production of 
gonadotropins. Meningiomas are among the most common 
primary tumors and metastatic lesions of lung cancer and 
prostate cancer.

Infiltrative Diseases
Sarcoidosis and Langerhans cell histiocytosis (eosinophilic 
granuloma) can cause hypothalamic hypogonadism. The 
iron deposition in patients with hemochromatosis directly on 
the pituitary can induce secondary hypogonadism.

Infections
Tuberculosis meningitis and other causes of CNS infec-
tions may promote central hypogonadism. In most cases 
there is a concomitant impairment of another hypotha-
lamic-pituitary axis (somatotropic or adrenocorticotropic 
axis).
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Traumatic Brain Injury
The external carotid artery has been described in recent years 
as an important cause of hypopituitarism, including GH defi-
ciency and male hypogonadism. Whiplash injury leading to 
concussions, brain trauma and the skull base can pull the 
pituitary stalk and sectional portal circulation. However, 
most of the dysfunctions of the hypothalamic–pituitary axis 
are still poorly understood, demonstrating a high rate of 
hypogonadism during acute trauma with subsequent recov-
ery of gonadal function in a group of patients remaining in 
permanent hypogonadism (10–15% of individuals 1  year 
after the event). The time of recovery of gonadal function 
and the reason for the fall in gonadotropins at an acute 
moment are still matters of discussion and research [64].

Endocrine Disruptors and the Gonadotropic Axis
Endocrine disruptor compounds (EDCs) are exogenous 
compounds that have the potential to interfere in regulating 
the endocrine system and therefore may predispose to dis-
ease in man and animals [65]. The EDCs can be naturally 
derived from plants (phytoestrogens) in animals and man. 
Currently, artificial chemical compounds are of major con-
cern worldwide. EDCs can interfere with the production, 
secretion, metabolism, transport, or in the peripheral action 
of endogenous hormones through its binding to hormone 
receptors.

Evidence for changes in the human male reproductive tract 
associated with EDCs is still limited. Humans are exposed to 
hundreds or thousands of environmental chemicals and a 
major limitation of epidemiological studies is that they gener-
ally measure human exposure to a single EDC [65, 66].

The male sex differentiation is androgen dependent. Thus, 
various diseases can be observed in males owing to exposure 
to EDCs. Postnatal exposures also have an impact on the 
development and maintenance of gonadal males (Table 14.5).

Quality of Semen
The decline in semen lifelong quality has been followed in 
several countries. Some studies suggest that semen quality 
decreases before 50  years of age, whereas others do not 
observe this decline [66].

Despite the importance and relevance of exposure to 
EDCs, especially polychlorinated biphenyls (PCBs), pesti-
cides, and phthalates, the epidemiological evidence for the 
relationship with semen quality in adults is still limited, 
mainly because many of the data were obtained transversely.

Testes Dysgenesis Syndrome
Testes dysgenesis syndrome (TDS) is the association 
between cryptorchidism, hypospadias, and testicular cancer 
oligozoospermia resulting from altered testicular develop-
ment. This association may mean that several elements acted 
at different times throughout the life of an individual, and 
may be due to exposure to a particular EDC or mixture. 
However, epidemiological data concerning EDCs with this 
syndrome in humans are still indirect [67].

The decreased anogenital distance, a marker of prenatal 
androgen activity, was observed in rats exposed to phthalates 
in the prenatal period and later identified in an epidemiologi-
cal study with newborn human males [68].

Male Urogenital Tract Malformation
The association of the exposure of father and/or mother or a 
community to pesticides with the presence of hypospadias or 
cryptorchidism in newborns is suggestive of the involvement 
of EDCs. Epidemiological data supporting this link are those 
from individuals living in agricultural areas and/or that 
directly assessed the exposure of parents to organochlorine 
pesticides [69].

Testicular Germ Cell Cancer
The frequency of testicular germ cell tumors (TGCTs), which 
comprise more than 95% of all testicular cancers, has increased 
significantly during the past four decades, well beyond the 
expected population growth. To date, the evidence for the rela-
tionship between EDCs and risk of TGCTs has been limited. 
Interestingly, in a case–control study, no association was 
observed between serum concentrations of organochlorine 
compounds in patients with controls and TGCT, but an asso-
ciation was observed with serum levels of organochlorines in 
their mothers during antenatal care being a predictive factor 
for increased risk for TGCT in adulthood [70].

Gynecomastia
Di-(2-ethylhexyl) phthalate (DEHP) is one of the most 
commonly used phthalates in plastics manufacture. DEHP 
has been reported as an androgen receptor antagonist. 
Mono-(2- ethylhexyl) phthalate (MEHP) is known as the 
first and primary metabolite of DEHP. It was observed that 
plasma levels of DEHP and MEHP were significantly 
higher in patients with gynecomastia compared with puber-
tal controls [71].

Table 14.5 Association of endocrine disruptor compounds and possi-
ble diseases of the human male reproductive system

Stage of 
development Disease/associated amendment
Fetal Cryptorchidism, hypospadias, testes dysgenesis 

syndrome
Prepubertal Precocious pubarche
Pubertal Testes atrophy, precocious puberty, delayed 

puberty
Adult Infertility, testes cancer, and enlarged prostate
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 Diagnosis

The diagnosis of androgen deficiency occurs in three stages. 
Initially, it should include a general health assessment to 
look for signs and symptoms of androgen deficiency and 
exclude systemic disease, eating disorders, and lifestyle 
problems, such as excessive exercise or drug abuse. The 
signs and symptoms of androgen deficiency are nonspecific 
and are modified by age of onset, severity, and duration of 
disability, comorbidities, use of androgen sensitivity, and 
prior therapies. If an androgen deficiency is initiated before 
the patient has completed pubertal development, it often 
appears as delayed or incomplete sexual development and 
eunuchoid proportions (arm span greater than height by 
more than 5  cm). In men in whom androgen deficiency 
develops after complete pubertal maturation, symptoms 
include reduced sexual desire and activity, reduced spontane-
ous erections, loss of body hair and reduced frequency of 
shaving, infertility, decreased muscle mass and strength, 
small or shrinking testicles, and breast enlargement. In older 
men, there may be a background of nonspecific symptoms 
associated with aging.

After the initial clinical investigation, serum total testos-
terone (TT) should be measured, preferably in the morning, 
using a reliable biochemical assay. An examination with a 
low value should be repeated at least once for confirmation. 
Measurement of testosterone should be avoided during the 
period of acute disease as there is suppression of the hypo-
thalamic–pituitary–gonadal axis resulting in decreased 
serum levels of TT. Also, conditions that elevate the serum 
androgen-binding protein (SHBG) decrease the dosage of 
TT (Table 14.6). The TT measured represents the set of pre-
sentation forms of serum testosterone. The absolute value of 
TT is equal to 2% free testosterone, 44% bound to SHBG, 
and 54% bound to albumin. Therefore, it is recommended 
that free testosterone (FT) is determined in some individuals, 
particularly those that have altered levels of SHBG, as in the 

case of obese patients. The method of measuring TT consid-
ered more accurate is liquid chromatography–tandem mass 
spectrometry, but it is not available in the vast majority of 
laboratories. Thus, the measurement of total testosterone by 
direct and automated methods (such as electrochemilumi-
nescent assay - ECLIA) fulfills its role in most diagnoses 
[72]. As most laboratories do not have this methodology and 
use radioimmunoassay for their evaluation, it is recom-
mended to obtain the FT values from the construction pro-
posed by Vermeulen, based on the values of TT, SHBG, and 
albumin (Table 14.7). Other causes of low testosterone levels 
should be discarded, such as hyperprolactinemia, thyroid 
disorders, chronic diseases, or other disorders. Estradiol 
should be measured in all adult patients with gynecomastia. 
DHT is measured in cases of abnormal differentiation of the 
genitalia and when this is suspected. Semen analysis is of 
great importance in assessing the fertility and gonadal func-
tion of the individual [73].

The cutoff points of normal TT for the diagnosis of hypo-
gonadism in adult males is a subject of discussion between 
different researchers and medical companies. The Endocrine 
Society (ES) requires TT values below 280–300 ng/dL to be 
monitored and repeated measurement of SHBH for the cal-
culation of FT [74]. The ES recognizes that there is variation 
in the normal values between laboratories and according to 
the dosage methodology used. As the cutoff for FT, Endocrine 
Society suggests 5–9 ng/dL. But the consensus established 
by various international medical societies (International 
Society of Andrology, International Society for the Study of 
the Aging Male, European Association of Urology, European 
Academy of Andrology, American Society of Andrology) 
presents a different proposition [75]. Symptomatic patients 
with a TT above 350 ng/dl do not require androgen replace-
ment. If the TT value is below 230 ng/dl, the diagnosis of 
male hypogonadism is made. However, if the TT result is in 
the so-called “gray area” (between 230 and 350 ng/dl) dos-
age of SHBG and calculation of FT are indicated. 
Hypogonadal patients are considered to be those with a cal-
culated FT below 6.5 ng/dL. Very low values of TT (below 
150 ng/dL) should be investigated to rule out secondary 
hypogonadism or hyperprolactinemia associated with hyper-
prolactinemia. Recently, Anawalt and coworkers suggested a 
new “gray area” for TT between 150 and 400 ng/dl [76].

Table 14.6 Conditions associated with changes in serum steroid hor-
mone binding globulin 

Decreased concentrations Obesity
Nephrotic syndrome
Hypothyroidism
Glucocorticoids
Progestins
Androgenic steroids
Acromegaly
Diabetes mellitus

Increased concentrations Aging
Hepatitis and liver cirrhosis
Hyperthyroidism
Use of anticonvulsants
Use of estrogen
HIV/AIDS

Table 14.7 Vermeulen formula: Calculation of free testosterone

Vermeulen formula: FT = TT (nM/l)/SHBG (nM/l) × 100a, b

FT free testosterone, TT total testosterone, SHBG sex hormone binding 
globulin
aAssuming that the albumin concentration is normal
bThe calculation of free testosterone, conducted by the formula of 
Vermeulen, can be obtained at the website: http://www.issam.ch/freet-
esto.htm
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The third step is to measure the level of LH of those who 
allegedly have an androgen deficiency to determine whether 
the fault lies at or in the region of the hypothalamic–pituitary–
testicular axis. Other laboratory tests and imaging should be 
evaluated according to each case. On suspicion of testicular 
diseases, testicular ultrasound can be requested for evaluation 
of characteristics, location, and associated abnormalities. 
MRI is performed in suspected cases of CNS diseases and for 
pituitary evaluation in selected cases. An olfactory test must 
be performed in order to detect the presence of anosmia, 
hyposmia, and as part of the evaluation for Kallmann syn-
drome. Karyotype is indicated in cases of suspected chromo-
somal abnormalities as part of hypogonadism. Genotyping 
for known monogenic causes monogenic is currently a 
research procedure and is not performed in routine clinical 
practice. It may be performed when there is a specific positive 
family history or when the patient has phenotypic signs sug-
gestive of a specific mutation. When performed, genetic test-
ing should always be accompanied by genetic counseling.

 Treatment

The main goal of treatment of patients with hypogonadism is 
the re-establishment of sexual function and its subsequent 
maintenance, along with the secondary sexual characteristics 
and sexual extra effect of androgens (bone mineral density, 
muscle hypertrophy, wellness, among others) [77–79]. 
According to the etiology of hypogonadism, after assessment 
of the fertility of an individual, one can suggest the induction 
of spermatogenesis, if there is a desire for fertility.

If primary hypogonadism is diagnosed early, replacement 
with testosterone is the best option. For congenital secondary 
hypogonadism, some medical centers recommend starting 
with gonadotropins to allow the testicles to reach the size at 
puberty. After testicular growth, the testosterone replace-
ment therapy may be administered until the moment that fer-
tility is desired. Right now, the gonadotropins should be 
employed in order to To stimulate sperm production, the use 
of gonadotropins can be helpful [80]. Anti-estrogens may be 
an alternative therapy; however, their effectiveness has not 
been adequately tested. In the presence of symptoms of 
increased estrogen production (gynecomastia and breast ten-
derness), a short course with the non-aromatizable andro-
gens (dihydrotestosterone, mesterolone, or oxandrolone) 
may be advisable. However, after a few months of therapy, 
switching to other aromatizable preparations is recom-
mended to prevent bone loss. When there is concern about 
the safety of the prostate, the use of steroids or modulators of 
the nonselective androgen receptor (less susceptible 
5α-reductase) may be advisable. One interesting possibility 
is combined use with inhibitors of testosterone 5α-reductase. 
Theoretically, Estrogen receptor-beta ligands could be used 

and studies are underway. however, the development of these 
compounds, although promising, is still at the preliminary 
research stage [80].

The major routes of androgen administration [78] are 
described in the following sections.

 Oral Androgens

The use of prepared 17α-alkylated anabolic steroids 
(fluoxymesterone and methyltestosterone) should not be pre-
scribed because of the high rate of hepatotoxicity. The ester 
testosterone undecanoate (40–80 mg, 2–3 times daily) is only 
effective via oral administration owing to its absorption via the 
lymphatic system, thus minimizing the side effects of its use. 
The disadvantages are multiple daily doses and variability in 
serum hormone. It has not been approved for use in the US.

 Transdermal Androgens

Marketed since the 1990s, this form is widespread through-
out the world and provides ease of use and a close to physi-
ological replacement. Present in the form of gels and 
adhesives [81].

 Testosterone Gel (1%)

Hydroalcoholic formulation, applied in doses of 50–100 mg 
per day, is applicable in body regions with little hair. It is 
practical and has good tolerability, allowing flexibility in 
dosage with few side effects, mostly limited to local irrita-
tion. The disadvantages are the potential transfer of the gel to 
the partner through direct contact with skin [81].

 Testosterone Topical Solution (2%) Applied 
to the Axillae

The 2% formulation of testosterone topical solution, 
approved by the US Food and Drug Administration (FDA) in 
November 2010, is a non-occlusive topical formulation 
administered to the axillae with an applicator instead of the 
hands. About 5–10% of the testosterone applied to the axilla 
is absorbed and appears in serum [82].

 Transdermal Patches

Both scrotal and nonscrotal, they can be applied once a day, 
at night. They are easy to apply and can be ready to interrupt 
if necessary. The gel is less well tolerated owing to the high 

14 Male Hypogonadism



150

rate of local irritation. An area is needed that is clear for 
adhesion. The application can provide scrotal testicular atro-
phy light.

 Injectable Androgens 

The existing drugs on the market are oily formulations that 
allow an increased dosing interval and the prolongation of 
the action of the testosterone derivative [83, 84].

 – Testosterone cypionate (200 mg ampoules):

An oil formulation that can be safely administered intra-
muscularly. It elevates serum testosterone levels, reaching a 
peak serum rapidly around the first 2–5 days with a mean nadir 
around 15–20 days. Doses are administered at intervals ranging 
from 2 to 4 weeks, depending on the clinical response of the 
patient. The advantages are that fewer  applications are needed, 
the low cost, and easy access. The disadvantage is that it does 
not mimic the physiological hormonal cycle, with supraphysi-
ological levels achieved in the first days after application.

 – Testosterone esters (ampoules containing 250 mg of four 
esters: propionate, phenylpropionate, testosterone dec-
anoate, and isocaproate):

Also an oily formulation that is administered intramuscu-
larly. The mixture of four kinds of testosterone esters with 
different proportions and peaks of activity confers hormone 
peaks at different times. Try to avoid the peak supraphysio-
logical initial cycle and get closer to normal hormonal levels. 
The advantages and disadvantages are similar to those of tes-
tosterone cypionate.

 – Undecylate (or undecanoate) testosterone (ampoules 
1000 mg):

Oil formulation and administration intramuscularly, using 
the castor oil vehicle. It shows no peak action and its action 
is longer, keeping close to physiological levels for a period 
of 10–14 weeks. At the time of the first application the range 
for the second dose should be 6 weeks and it settles down 
after a mean interval between doses of 12 weeks, individu-
ally adjusted according to the clinical response and the labo-
ratory. The advantages are mimicry of the normal hormonal 
cycle, longer duration of action of application, and conve-
nience in dosing. The disadvantage is the high cost.

 Subcutaneous Implants

Subcutaneous implants come in the form of pellets. The dose 
and regimen vary with the formulation used, but generally 
have a duration of action of about 3–6 months and the dose 

varies between 150 and 450 mg. The disadvantages are local 
complications, discomfort, infection at the site of applica-
tion, and the possibility of extrusion of the pellet. The advan-
tage is dosage for long-term use.

 Other forms of treatment

Adhesive oral 30  mg applicable gum twice a day [85]. 
Another option is the hCG.  Although not an androgen, it 
stimulates the testes to produce testosterone and is especially 
useful when one wishes to stimulate the production of sperm 
and hence male fertility.

 Male Hypogonadism Associated with T2DM 
and Obesity: To Treat or Not to Treat?

Only in the last decade, the main consensus on male hypogo-
nadism started adding conditions between T2DM risk for 
decreased testosterone, drawing attention to the need for the 
treatment of these patients [74, 75]. The TIMES2 Study is an 
important work that evaluated hypogonadal patients with 
T2DM and metabolic syndrome. Their results show a signifi-
cant decrease in homeostatic model assessment-insulin resis-
tance among hypogonadal diabetic patients after 6 months of 
treatment with testosterone replacement gel and a better con-
trol of HbA1c after 9 months of treatment [86]. Heufelder 
et  al. evaluated hypogonadal men with a newly diagnosed 
T2DM treated with testosterone and a change in lifestyle 
(CL) compared with placebo and CL. After 52 weeks, testos-
terone replacement resulted in better control of HbA1c and a 
significant reduction in waist measurement (14.6 cm versus 
a loss of 6.7 cm respectively) [87].

A number of studies demonstrated that treatment of hypo-
gonadism improves weight loss in hypogonadal obesity. 
Svartberg et al. found in a case–control study an improve-
ment in body shape of elderly hypogonadal men treated with 
testosterone for 1 year [88]. The study evaluated 184 hypo-
gonadal men with metabolic syndrome from Moscow [89]. 
After 30 weeks of administration of parenteral testosterone 
undecanoate, a significant drop in weight, BMI, and waist 
circumference, as well as improvement of some components 
of metabolic syndrome and inflammatory markers [89].

Thus, treatment of hypogonadism in obese men can be effec-
tive in helping weight loss because it improves energy and 
mood, reduces fatigue, and may motivate men to adhere to diet 
and exercise, which is fundamental in combating obesity [90].

 Testosterone and Cardiovascular Disease

Longitudinal cohort studies examining the association of sex 
hormones measured using immunoassays at baseline with 
the incidence of cardiovascular disease (CVD) events during 
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follow-up and the results have been controversial [91–93]. In 
a large population-based cohort of older men, TT or FT in 
the lowest quartile of values predicted an increased incidence 
of stroke or transient ischemic attacks [94] whereas higher 
LH was associated with the incidence of ischemic heart dis-
ease events [95]. Most of the studies evaluated older patients 
and other inclusion criteria were variable and questionable. 
A small study (also in older men) reported testosterone in the 
lowest and highest quintiles to be associated with CVD 
events, suggesting a U-shaped association [96].

In a recent large cohort sex steroids were evaluated using 
mass spectrometry. In the Osteoporotic Fractures in Men 
(MrOS) Study, the risk of experiencing a cardiovascular 
event was 30% lower in men with higher total testosterone 
[97]. In the Cardiovascular Study, testosterone was not asso-
ciated with cardiovascular death, or nonfatal myocardial 
infarction or stroke [98]. In an updated analysis from the 
Western Australian Health In Men Study (HIMS), testoster-
one was not associated with incident myocardial infarction 
and, by contrast, higher testosterone was associated with a 
lower incidence of stroke [99]. The Atherosclerosis Risk in 
Communities Study showed that lower testosterone was 
associated with adverse cardiovascular risk factors, but not 
with incidence of coronary heart disease events [100]. The 
recent studies have demonstrated that low testosterone as an 
independent predictor for higher incidence of stroke in older 
men has been confirmed by the Copenhagen Study [101].

Cohort studies based on the use of immunoassays for sex 
steroids provide limited evidence but demonstrate an asso-
ciation of low TT or FT with incidence of stroke and tran-
sient ischemic attack [94, 101]. The two largest cohort 
studies, which measured testosterone using mass spectrom-
etry, reported associations of low testosterone with CVD 
events in MrOS [97], and stroke in HIMS [99].

Based on current evidence, lower circulating testosterone 
seems to be a biomarker for CVD risk, particularly an 
increased incidence of stroke. An age differential should be 
highlighted. In younger and middle-aged men, lower testos-
terone levels are associated with adverse cardiovascular risk 
factors rather than incidence of CVD, whereas in older men, 
lower testosterone is associated with an increased incidence 
of CVD manifesting as stroke more prominently than myo-
cardial infarction.

In the last few years, some randomized controlled trials 
(RCTs) have been published that have shown the effects of 
testosterone supplementation on protecting against myocar-
dial ischemia. The Testosterone in Older Men with Mobility 
Limitations (TOM) trial promoted several discussions on the 
subject due to discontinuous of the trial by the excess of car-
diovascular adverse events in the testosterone arm [102]. 
Others RCTs demonstrated different results than the TOM 
study [103–109]. In the absence of definitive RCT data, 
meta-analyses of testosterone RCTs have been undertaken to 

explore the association between testosterone supplementa-
tion and cardiovascular adverse events and, in general, have 
not found testosterone supplementation to be associated with 
excess cardiovascular adverse effects [110–115].

 Monitoring and Follow-Up

In adolescent or young adult patients, the prostate is not a 
concern. However, in older men, especially after the age of 
40, the prostate should be monitored. Currently, it is known 
that testosterone replacement does not cause the appearance 
of prostate cancer in patients who do not have a background 
for it. However, testosterone and mainly dihydrotestosterone 
can stimulate prostate tissue [116]. In the last decade, some 
case series described the use of testosterone therapy in hypo-
gonadal men after treatment for prostate cancer and no clini-
cal or biochemical progression of the tumor. This is not yet 
an established practice, but it can be a safe treatment in these 
cases [117–123]. Similarly, with increasing recognition that 
men with low-grade prostate cancer are at a low risk for mor-
bidity and mortality, there is a growing practice of deferring 
treatment until there is evidence for more aggressive pathol-
ogy (active surveillance) Some of these men have symptom-
atic testosterone deficiency and desire treatment, but the use 
of testosterone replacement therapy in these men is highly 
controversial, although small studies have shown some that it 
is somewhat safe to use [124–126].

Initiation of testosterone therapy is not recommended in 
men with breast cancer or prostate cancer, with a palpable 
nodule or indurations, with prostate-specific antigen (PSA) 
greater than 4  ng/ml or undiagnosed urological treatment, 
hematocrit above 50%, obstructive sleep apnea, severe, 
untreated urinary tract symptoms with an International 
Prostate Symptom Score over 19, heart failure, uncontrolled 
or poorly controlled (Table 14.8) [74].

Table 14.8 Conditions in which testosterone replacement is associ-
ated with a high risk for adverse events and should be contraindicated

High risk for adverse 
events (absolute 
contraindication)

Metastatic prostate cancer or activity
Breast cancer

Moderate risk for 
adverse events 
(relative 
contraindication)

Palpable nodule or induration prostate
Prostate-specific antigen greater than 4 ng/
ml or undiagnosed urological treatment (or 
greater than 3 ng/ml in subjects at a high 
risk for prostate cancer, such as African 
Americans or men with first-degree relatives 
with a history of prostate cancer)
Hematocrit above 50%
Obstructive sleep apnea, severe, untreated
Severe urinary tract symptoms (International 
Prostate Symptom Score above 19)
Heart failure, uncontrolled or poorly 
controlled
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When testosterone therapy is instituted, one should 
achieve the average normal levels of testosterone during 
treatment with any of the formulations adopted. The choice 
of formulation of testosterone must take into account the 
patient’s preference, the pharmacokinetics, and the cost. 
Men receiving testosterone therapy should be monitored 
continuously through a standardized plan that includes 
medical consultation with a physical examination and lab-
oratory tests (PSA and hematocrit; Table 14.9) [74].
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Hormone Therapy in the Transgender 
Patient

Mary O. Stevenson and Vin Tangpricha

 Introduction and Terminology

People who have a gender identity that differs from the gen-
der assigned at birth have existed for centuries. The term 
used to describe the discomfort with having a gender identity 
that differs from the gender assigned at birth is gender dys-
phoria [1]. Transgender has been used as the term to describe 
people who do not express a gender identity that fits their 
assigned gender and/or societal norms for accepted gender 
expression [2]. Most but not all transgender people will have 
gender dysphoria. Transgender people may differ in their 
approach in handling their gender dysphoria, which may 
range from a social transition (living in the gender role of the 
affirmed gender), hormone therapy, and gender-affirming 
surgery [2].

The previous terms, transsexual or transsexualism, are no 
longer preferred since they imply a more negative connota-
tion and that transgender people only had a “binary” gender 
identity, meaning only male or female. Terminologies such 
as gender nonconforming or gender incongruence have been 
proposed as terms that recognize the broad spectrum of gen-
der identity and expression.

There are other entities that share some overlap with 
transgender and gender-nonconforming people. Persons 
with differences of sexual differentiation or disorders of sex 
development (DSD) or intersex often represent a separate 
entity of people from transgender persons. Some people with 
DSD may have gender dysphoria and seek therapies to align 
their external appearance to match their gender identity. 
However, some people with DSD reject the notion that they 
have a gender dysphoria and/or that surgery is required to 
align with their gender expression [3]. People that cross- 
dress (dress in the clothes of a different gender than their 
birth-assigned gender) represent an understudied population 

of people who may or may not fall under the terminology of 
transgender. Some people that initially cross-dress may be 
exploring different gender expressions, while others have a 
solidified gender expression but cross-dress for enjoyment. 
Other entities that may overlap with transgender and gender 
nonconforming include eunuchs and people with body dys-
morphic syndrome. Sexual orientation is often confused with 
gender identity. There are a number of sexual orientations, 
and these occur independently from a person’s gender iden-
tity. One cannot assume a person’s sexual orientation based 
on their gender identity or sex assigned at birth.

The purpose of this chapter is to focus on the hormonal 
and surgical treatment of people who identity as transgender 
and gender nonconforming. The criteria for diagnosis, avail-
able guidelines on the initiation and monitoring of hormone 
therapy, and the criteria for referral for gender-affirming sur-
gery will be discussed.

 Diagnosis and Guidelines

Specific criteria for the diagnosis for gender dysphoria are 
available in the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-V) [1]. In brief, the criteria 
establish that there exists a marked incongruence of greater 
than 6-month duration between the affirmed gender and the 
sex assigned at birth that causes significant psychosocial 
stress which impairs functioning. There is controversy over 
the classification of gender dysphoria under the category of 
sexual dysfunctions. Professionals and transgender stake-
holders are proposing to move gender dysphoria under the 
category of sexual health in the next revision of the 
International Classification of Diseases (ICD) [4]. The 
qualifications of professionals making the diagnosis of gen-
der dysphoria and the timing and eligibility of hormone 
therapy for children and adults are proposed by the World 
Professional Association for Transgender Health’s 
Standards of Care, version 7 (SOC7) [2]. In brief, gender-
nonconforming adults can start on hormone therapy if they 
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have a “persistent, well- documented gender dysphoria,” 
have the “capacity to make a fully informed decision and 
can consent for treatment,” “are of age [an adult] in a given 
country,” and have “significant medical concerns” well-
controlled prior to the initiation of hormone therapy [2]. 
For gender-nonconforming children, hormone therapy can 
be initiated once the child has reached the age of consent 
(typically 16 years old in most countries) but ideally also 
with parental consent, has documented a long period of 
gender dysphoria during childhood, or emerges or is exac-
erbated by the initiation of puberty, and has had all psycho-
logical, medical, and social issues addressed prior to 
hormone therapy. The hormone regimens used in children 
and adults differ according to the stage of puberty which 
will be addressed in the following sections.

Once the diagnosis of gender dysphoria has been estab-
lished and the person is deemed eligible and ready to initiate 
hormone therapy, the 2017 Endocrine Society provides spe-
cific evidence-based and consensus recommendations on the 
initiation, monitoring, and long-term follow-up of hormone 
therapy and criteria for referral for gender-affirming surgery 
[5, 6]. The guidelines reaffirm that special expertise in chil-
dren and adolescent psychology and psychopathology is 
required to make the diagnosis of gender dysphoria in chil-
dren and that a multispecialty of medical and mental health 
providers participates in the management of children prior 
and during the treatment with hormone therapy. The guide-
lines reaffirm that the DSM-V should be used when diagnos-
ing gender dysphoria.

 Gender-Affirming Hormone Therapy 
in Children

Once the multispecialty team of medical and mental health 
providers endorses that a child is eligible for hormone ther-
apy, the regimens used in children depend on the stage of 
puberty. For pre-pubertal children, no hormone therapy is 
recommended. During this stage, the child should work with 
a mental health care professional and/or mental health team 
regarding issues on social role change (e.g., name and pro-
noun change, gender role change at school, etc.). For chil-
dren who are in the earliest stages of puberty, 
gonadotropin-releasing hormone (GnRH) agonists are rec-
ommended initially to halt puberty until the time that the 
expert multispecialty team deems that sex hormone therapy 
should be started. Earlier studies have suggested that chil-
dren have not yet affirmed their adult gender identity prior to 
the age of 16 [7, 8]. However, more recent studies have sug-
gested that selected children who have intense gender dys-
phoria prior to the age of 16 may be good candidates for 
earlier hormone therapy [9]. For children presenting in later 
stages of puberty, GnRH agonists can be started along with 

sex hormone therapy for the desired gender once deemed 
appropriate by the expert multispecialty team.

Long-term data for pubertal suppression along with hor-
mone therapy in children do not currently exist. The longest 
published follow-up time was 22 years in a transboy started 
on hormone therapy at age 13 [10]. In this reported case, 
there were no reported long-term medical or mental health 
consequences from the hormone therapy. Recent studies 
have indicated that trans-children (n = 55) cared by a multi-
disciplinary team had improvements of psychosocial func-
tioning after pubertal suppression, hormone therapy, and 
gender-affirming surgery [11]. Important to consider are the 
impacts of therapies on fertility especially if puberty is 
blocked making future retrieval of gametes difficult for fer-
tility preservation therapies [12]. Other considerations 
include the lower doses of hormones used in children com-
pared to adults as children have not yet reached full adult 
size. Finally, the continuation of GnRH agonists in transgen-
der children into adulthood should be reassessed. The GnRH 
agonist therapy may be stopped particularly in transboys on 
testosterone. However, in transgirls, GnRH agonists still act 
as very effective testosterone-lowering agents [13].

 Transfeminine Hormone Therapy and Long- 
Term Monitoring

Endocrinologists should discuss individual expectations and 
the time course of physical and emotional changes with each 
individual to ensure that these two align (Fig.  15.1). 
Transfeminine hormone therapy refers to hormone regimens 
provided to a person who is sex assigned at birth as male who 
is wishing to transition into the affirmed gender of a female. 
Some individuals may not wish to develop all of the primary 
and secondary sex characteristics of a female; therefore, it is 
important to discuss these expectations with each individual. 
For transfeminine hormone therapy, the Endocrine Society 
guidelines recommend that physicians target blood sex ste-
roid levels in the reference normal range for females, estra-
diol levels 100–200 pg/mL and testosterone levels <50 ng/dL 
[5]. Two major classes of medications are required for trans-
gender women: estrogen and testosterone-lowering drugs.

Estrogens can be given as an oral pill, transcutaneous gel, 
skin patch, or intramuscular injection. The choice of estro-
gen depends on the local pharmacy coverage, the individu-
al’s comorbidities, and patient preference. Estradiol is 
considered the safest form of estrogen to be given orally as 
opposed to other formulations of estrogen including ethinyl 
estradiol and conjugated estrogens, which have been associ-
ated with increased thromboembolism [14]. Oral estradiol 
preparations have the advantage that estradiol can be mea-
sured in blood to ensure adequate therapeutic concentrations 
and to avoid supraphysiologic levels, providing an advantage 
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over other oral formulations of estrogen. Estradiol patches 
have the advantage of avoiding the first-pass liver effect and 
thus have less stimulation on blood-clotting proteins. 
Estradiol patches and gels appear to have a better safety pro-
file in terms of thromboembolism [15]. Intramuscular estro-
gen can be given as estradiol ester, typically estradiol valerate 
or cypionate [5]. Intramuscular estrogen can be given every 
1–2 weeks and also has the advantage of avoiding the first- 
pass liver effect; however, supraphysiologic levels of estra-
diol can occur if levels are not carefully monitored and the 
dose of estrogen is not adjusted accordingly. In general, all 
forms of estrogen should be initiated at a low dose and 
titrated up over a few months until the target estradiol level is 
reached.

In general, a testosterone-lowering agent is also required 
to lower serum testosterone levels into the female range, at 
least initially. In the USA, the most commonly prescribed 
testosterone-lowering medication is spironolactone, which 
antagonizes androgen activity at the androgen receptor and 
has additional testosterone-lowering action by an unclear 
mechanism [5]. Given spironolactone’s properties as a 
potassium- sparing diuretic, potassium levels and kidney 
function should also be monitored. In Europe, cyproterone is 
used as a testosterone antagonist which also has progestin- 
like properties. However, recent reports suggest that cyprot-
erone is associated with increased risk of hyperprolactinemia 
and meningiomas which has limited its use, especially in the 
UK [16]. In the UK, GnRH agonists are preferred as the 
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Fig. 15.1 Expected changes in response to transfeminine hormone therapy. (From Tangpricha and Den Heijer [16] Reprinted with permission 
from Elsevier)
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testosterone- lowering medication in adults [14]. GnRH ago-
nists are very effective in lowering testosterone levels but are 
largely limited in their use because of the high cost of the 
medication.

Other second-line medications used for transgender 
women include progesterones. However, the data demon-
strating its effectiveness in inducing feminine characteristics 
(primarily breast) are very sparse. Studies conducted in older 
cis-gender women suggest increased risk of stroke in users 
of progesterones [17, 18]. 5-Alpha-reductase inhibitors, e.g., 
finasteride, are not considered first-line agents as a 
testosterone- lowering medication since they are associated 
with sexual dysfunction and depression [19]. In addition, 
they do not lower serum testosterone levels but rather 
decrease the conversion of testosterone to DHT. These agents 
may be useful in transgender women who are suffering from 
androgenic alopecia [20].

Long-term monitoring in transgender women should 
ensure that estradiol and testosterone levels remain in the 
normal female range. Conditions that can be exacerbated by 
estrogens such as thromboembolic disease, hypertriglyceri-
demia, gallstones, and hyperprolactinemia should be moni-
tored periodically. Bone density testing should be obtained 
in those with risk factors for osteoporosis and those who 
undergo gonadectomy. Finally, cancer screening should be 
initiated based on the hormone-sensitive organs present 
(breast, prostate) according to national guidelines based on 
age and risk factors [5].

 Transmasculine Hormone Therapy and Long- 
Term Monitoring

Transmasculine hormone therapy refers to the hormone ther-
apy provided to a person who is sex-assigned female at birth 
and wishes to transition into the affirmed gender of male. As 
compared to transfeminine hormone therapy, transmasculine 
therapy is more straightforward as it requires the administra-
tion of only one medication, testosterone, to achieve second-
ary sex characters of male. The expected time course of 
changes should be discussed with each individual (Fig. 15.2). 
The concept of transmasculine therapy, including the prepa-
rations and hormone laboratory goals, follows the general 
approach of treating male hypogonadism [21]. The Endocrine 
Society guidelines recommend a goal to achieve testosterone 
values in the normal male range, typically 400–700 ng/dL [5].

Testosterone can be given transdermally, as a patch or gel, 
or as an injection, either subcutaneously or intramuscularly. 
Again, the choice of regimen depends on patient preference 
and insurance factors. Transdermal gel preparations require 
daily application, and androgen can be inadvertently trans-
ferred to close contacts if patients are not mindful of applica-
tion site and do not wash their hands after application. 

Testosterone patches may cause local skin irritation but alle-
viate the potential risk of transferring testosterone to others. 
Testosterone enanthate or cypionate may be given as paren-
teral or subcutaneous injections every 1–2  weeks. 
Transdermal preparations have the advantage of avoiding the 
peak and trough levels that are seen with injections that some 
patients report as bothersome. For testosterone given by 
injection, levels of testosterone should be measured midway 
between injections; alternatively, peak and trough levels can 
be obtained to ensure levels are maintained within normal 
male range [5]. For monitoring of transdermal testosterone, 
testosterone levels should be measured once a steady state of 
testosterone is expected, at least a week after initiation of 
therapy [5].

Other medications used for transgender males include 
oral progesterone, GnRH analogs, and depot medroxypro-
gesterone, all used to stop menses in those patients who are 
beginning hormone therapy with testosterone or in those 
who do not desire testosterone therapy but have dysphoria 
related to menstruation. The time course of menses cessation 
on testosterone is variable, and several retrospective reviews 
have reported cessation as early as 1 month but more often 
seen between 6 and 12  months on testosterone therapy 
[22–24].

Long-term monitoring of transmasculine treatment should 
focus on maintaining testosterone levels within normal male 
range. Adverse events associated with testosterone therapy 
include erythrocytosis, sleep apnea, hypertension, weight 
gain, and lipid changes [25]. Bone density testing should be 
considered in patients who are at risk of osteoporosis such as 
those patients who stop or are noncompliant with testosterone 
therapy and have undergone gonadectomy. Cancer screening 
should again follow national guidelines for the remaining 
hormone-sensitive organs (breast tissue, cervix) [5].

 Surgical Considerations

There are many surgical options for both transgender women 
and men to align their primary and secondary sex character-
istics with their affirmed gender. The Endocrine Society 
guidelines identify two main types of surgeries, those that 
affect fertility and those that do not [5]. Surgeries that do not 
affect fertility have less stringent criteria for approval. For 
transwomen, these would include surgeries such as breast 
augmentation, facial feminization surgeries, as well as 
removal of facial or body hair by electrolysis or laser treat-
ments. For transmen, a mastectomy is an example of fertility 
sparing surgery that may be desired.

Gender-affirming surgery, formerly known as sex reas-
signment surgery, affects fertility and is irreversible. Because 
of this, the Endocrine Society guidelines propose several cri-
teria for gender-affirming surgery: “(1) persistent, well- 
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documented gender dysphoria, (2) legal age of majority in a 
given country, (3) having continuously and responsibly used 
gender-affirming hormones for 12 months, and (4) success-
ful continuous full-time living in the new gender role for 12 
months” in addition to good control of any existing medical 
or mental health conditions and proficiency in the practical 
aspects of surgery [5].

These surgeries are typically under the regulation of the 
state or country in which they are performed, and most sur-
geons require at least one letter of recommendations from a 
mental health provider. Examples of gender-affirming 

 surgeries for transgender women include penectomy, gonad-
ectomy, and creation of a neovagina. For transgender men, 
hysterectomy, oophorectomy, vaginectomy, and creation of a 
neopenis and scrotum are all considerations.

For all transgender patients considering gender-affirming 
surgery, fertility preservation should be offered and dis-
cussed prior to referral for surgical procedures. Fertility 
preservation should be offered for all patients initiating hor-
mone therapy as well as those patients already on medical 
therapy. The duration and dosages of hormone therapy that 
will affect fertility are not known though it is reasonable to 
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Fig. 15.2 Expected changes in response to transmasculine hormone therapy. (From Irwig MS. Testosterone therapy for transgender men. Lancet 
Diabetes Endocrinol. 2017;5(4):301–11. Reprinted with permission from Elsevier)
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expect that the longer a patient has been on hormone therapy, 
the more challenging the retrieval of gametes may be.

 Conclusions

The fields of transgender medicine and surgery have grown 
immensely over the past decade. Terminology is evolving. 
Medical professionals are becoming increasingly aware of 
the need for competent care of transgender persons. Standards 
of care are available from several professional organizations, 
including the WPATH and Endocrine Society guidelines ref-
erenced here. There is a great need for ongoing research 
regarding long-term effects of hormone therapy in both 
transgender youth and adults.
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Idiopathic Short Stature: Diagnostic 
and Therapeutic Approach

Ana P. M. Canton and Alexander A. L. Jorge

 Case Report

Our clinical case for discussion is about a short statured 
boy who was 14.6 years old at his first evaluation. He was 
born after a 39-week gestation as the third child of a non- 
consanguineous marriage. His birth weight was 3.250  g 
(−0.3 SDS), and his birth length was not available. His 
neuropsychomotor development was normal, his school 
performance was good, and there were no remarkable 
findings in his medical history. His father’s height was 
174 cm (−0.1 SDS) and his mother’s height was 154 cm 
(−1.3 SDS), resulting in a target height of 170.6 cm (−0.6 
SDS). His father and mother apparently had normal 
pubertal development, and his mother’s age of menarche 
was 13 years old. His older brother’s height was not avail-
able, but he had a previous history of pubertal spurt after 
16  years of age. Likewise, his older sister’s height was 
also not available, but she had a previous history of men-
arche at 14.

At the presentation, the height of the patient was 
142.5 cm (−2.6 SDS), his weight was 29.4 kg (−3.9 SDS), 
his body mass index was 14.5 kg/m2 (−3.1 SDS), and his 
sitting height was 73 cm (−0.3 SDS). Physical examination 
was unremarkable, without dysmorphic features. His 
pubertal staging was G2P1, as determined by Marshall and 
Tanner criteria. His bone age was 11  years old, as deter-
mined by Greulich and Pyle criteria. At this moment, his 
adult height prediction was 173.1 cm (−0.2 SDS), as deter-
mined by the Bayley–Pinneau method.

 Introduction

Growth is an essential process for the development of a 
healthy adult, and it is a sensitive marker of child health sta-
tus. It comprises a dynamic, nonhomogeneous, and complex 
process of replication and differentiation of cells from sev-
eral tissues. It is generally assumed that growth is regulated 
by a multitude of genetic and epigenetic mechanisms, which 
interact with influences from internal and external environ-
ments. With respect to genes, it is assumed that both adult 
height and growth pattern are largely genetically pro-
grammed [1].

Growth intensity differs depending on the stage of life, 
from intrauterine to adult life. During the prenatal period, 
growth velocity varies greatly according to gestational age, 
with a median growth of 1.2–1.5 cm per week. In late gesta-
tion, growth velocity takes on a process of deceleration that 
persists until pubertal onset. In the first and second years of 
life, children’s growth velocity is, in average, 25 and 12 cm/
year, respectively. After that, it decelerates gradually to an 
average of 4–6 cm/year until the pubertal spurt starts. During 
puberty, there is an acceleration of growth, and children can 
reach an average height velocity (HV) of 12  cm/year. 
Pubertal spurt onset time is dependent on the age children 
start puberty. Girls start a rhythm of growth acceleration in 
the early pubertal development, while boys start this same 
process in the late pubertal development [2, 3].

Growth disorders are associated with different diseases, 
which encompass different systems and mechanisms. 
Therefore, short stature is one of the most common concerns 
presented to pediatric endocrinologists and other child- 
caring physicians. Despite the complexity of the matter, 
some diagnoses can be obtained by a careful analysis of 
medical history and a comprehensive physical examination 
[3, 4].

In this chapter, we present referral criteria for children 
with short stature, diagnostic procedures to detect the causes 
of this condition, involved differential diagnosis, and possi-
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ble therapeutic approaches. Idiopathic short stature diagno-
sis and approach will be specifically emphasized.

 Short Stature Diagnosis

 Criteria for Investigation of Short Stature

Height has an almost perfect Gaussian distribution in large- 
scale growth studies. Therefore, the first key point in the 
diagnostic approach of children with short stature is the 
application of referral criteria for diagnostic workup. With 
this application we can distinguish if they are simply within 
the shortest part of the “normal” distribution or if they effec-
tively are with a disorder restricting growth [1, 3].

In the initial evaluation of growth, there are basically 
three parameters that can be assessed. First, height can be 
compared with age and sex references and expressed as stan-
dard deviation score (SDS) or centile position. Height SDS is 
a measure of the deviation of the individual height from the 
mean and is expressed as the number of standard deviation 
below or above the mean height of the population for the 
same age and sex [5]. Therefore, by definition, individuals 
are defined as short statured when they present a height 
SDS < −2.0 or a height below the 2.3% percentile for a given 
age, sex, and population.

Second, height SDS can be compared with the sex- 
corrected parental height (target height) SDS [5]. The target 
height is a mathematical calculation, which expresses the 
genetic potential of height of an individual. It can be calcu-
lated by the arithmetic mean of parental height with the addi-
tion or subtraction of 6.5 cm for boys and girls, respectively 
[3]. Children should be referred for a diagnostic workup 
when he/she is “short for the target height,” i.e., when the 
height SDS minus target height SDS is below −2.0.

Third, a longitudinal analysis of growth can be used, 
either expressed as height velocity (cm/year or SDS) in com-
parison to age and sex references or as a height SDS change 
(deflection or deviation) from the original SDS position 
(height SDS change is the difference in height SDS between 
two measurements, preferably 1 year apart from each other) 
[5]. A growth deflection (or a “crossing” of height percen-
tiles) is defined as a height SDS decrease >1 SD and should 
also be considered abnormal requiring further evaluation.

 Diagnostic Approach

Short stature can be the presenting symptom or the sugges-
tive symptom of numerous conditions and diseases. There 
are different classifications for its differential diagnosis, but 
most of them include three main groups: primary short stat-
ure (skeletal abnormalities), secondary short stature, and 

short stature without recognizable cause (Tables 16.1 and 
16.2). The latter group includes the diagnosis known as idio-
pathic short stature (ISS).

Clinical evaluation starts with a detailed medical and fam-
ily history and a thorough physical examination (Table 16.3). 
A key point is a detailed description of the child’s growth 
pattern, including the time when the growth deficit was first 
observed. Birth characteristics must be evaluated (gestation 
and delivery conditions or complications; gestational age, 
birth weight, length and head circumference). This informa-
tion is important to distinguish short children in two groups 
by the onset of the growth impairment: short stature with 
prenatal or postnatal onset. Medical history must be investi-
gated, with a focus in neuropsychomotor development, nutri-
tional status, medication use, and cardiac, renal, pulmonary, 
and gastrointestinal diseases. Evaluation of a child’s height 
must take into account the familial patterns of growth and 
puberty [3–5].

Physical examination should be complete, including the 
description of anthropometric measurements, facial and body 
dysmorphic features, and any other clues for one of the many 
causes of short stature. In children younger than 2 years of 
age, supine length, weight, weight-for-length, and head cir-
cumference will be measured, and fontanelles as well as den-
tition should be evaluated. In older children, erect height, 
weight, body mass index (BMI), head circumference, arm 

Table 16.1 Differential diagnosis in short stature

Primary short stature—Skeletal abnormalities
With recognizable skeletal dysplasia (achondroplasia, 
hypochondroplasia)
Without recognizable skeletal dysplasia (turner syndrome, 
heterozygous NPR2 and SHOX defects)
Secondary short stature
Malnutrition
Psychosocial deprivation
Chronic diseases
   Renal (renal failure, tubular acidosis, nephrotic syndrome)
   Intestinal (celiac disease, intestinal inflammatory disease)
   Hematological (chronic anemia)
   Cardiac
   Pulmonary (cystic fibrosis)
   Endocrine
    Hypothyroidism
    Disorders of the GH/IGF-1 axis
    Cushing’s syndrome
    Pseudohypoparathyroidism
    Rickets
Short stature without recognizable cause
Intrauterine growth retardation without recognizable cause (small for 
gestational age with failure of catch-up growth)
Idiopathic short stature
   Familial short stature
   Constitutional delay of growth and puberty

NPR2 natriuretic peptide receptor 2, SHOX short stature homeobox, 
GH growth hormone, IGF-1 insulin-like growth factor type 1
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span, and sitting height (SH) should be measured [3, 5]. In the 
latter, the pubertal staging has to be evaluated, as determined 
by Marshall and Tanner criteria [6, 7]. Evaluation of a child’s 
height must be done in the context of normal standards for sex 
and age with the international data at hand. Such standards 
can be either cross-sectional (by calculation of height SDS) 
or longitudinal (by plotting in growth charts). Serial measure-
ments with a minimum interval of 6 months are necessary to 
determine the height velocity. Because genetic factors are 
important determinants of growth and height, all children 
should be assessed considering siblings and parents. For that 
purpose, the parental target height is calculated and expressed 
as mentioned above. When a child’s growth pattern clearly 
deviates from that of parents and siblings, the possibility of an 
underlying pathology should be considered [2].

Many abnormal growth states are characterized by dis-
proportionate growth, which is strongly suggestive of skele-
tal dysplasia. Therefore, body proportion measurements 
should be part of the evaluation of short stature. We recom-
mend the use of sitting height-height ratio (SH-H) for age 
and sex, which can also be expressed in SDS, according to 
published standards [8]. This ratio allows for the observation 
of body proportion changes throughout development. 

Children with short stature and an increased SH-H ratio for 
age and sex have a disproportional short stature caused by 
limb abnormalities, while children with short stature and a 
decreased SH-H ratio for age and sex have a disproportional 
short stature caused by axial segment abnormalities [8] 
(Fig. 16.1).

It is assumed by most groups that a radiograph of the left 
hand and wrist is a useful adjunct. On this radiograph, bone 
age can be determined by comparison with the normal age 
and sex-related standards published by Greulich and Pyle 
[9]. Skeletal maturation can be used to predict adult height. 

Table 16.2 Disorders of the GH/IGF-1 axis

GH deficiency
Idiopathic
Acquired (craniopharyngioma, pituitary tumors, autoimmune 
diseases, granulomatous diseases, central nervous system infections, 
post-radiotherapy, head trauma)
Genetic
   GH secretion (GH1 and GHRHR genes).
   Pituitary cell differentiation (POU1F1 and PROP1 genes).
   Pituitary development (HESX1, GLI2, LHX3, LHX4, and SOX3 

genes).
Bioinactive GH
   GH1 gene mutation.
GH insensitivity
Primary
   Laron syndrome (GHR gene defect).
   Associated with immunodysfunction (abnormalities of GH signal 

transduction, e.g., STAT5B gene defect).
Secondary or acquired (anti-GH antibodies, malnutrition, liver 
disorders, diabetes mellitus poorly controlled, uremia)
Ternary complex defects (IGF-1/IGFBP-3/ALS)
   Acid-labile subunit deficiency (IGFALS gene).
   Defects on proteolytic cleavage of IGFBPs (PAPPA2 gene).
IGF deficiency
   IGF1 gene mutation.
   IGF2 gene mutation (paternal allele).
Bioinactive IGF-1
   IGF1 gene mutation.
IGF-1 insensitivity
   IGF1R defects and post-receptor defects.

GH growth hormone, IGF-1 insulin-like growth factor type 1, IGFBP-3 
insulin-like growth factor binding protein 3, ALS acid-label subunit, 
IGFs insulin-like growth factors

Table 16.3 Specific diagnostic findings and key points in medical his-
tory and physical examination of children with short stature

Findings and key points Interpretation and application
Medical history
Birth length, weight, head 
circumference, gestational 
age

Classification as SGA or AGA

Previous growth data Height velocity and growth pattern 
analysis

Age at start of pubertal signs Early, normal, or delayed puberty
Previous diseases, surgeries, 
and medication use

Organic or iatrogenic causes

Medical history of the various 
systems

Search for chronic and systemic 
diseases

Feeding and nutrition history As example, silver–Russell and 
Prader–Willi syndromes can lead to 
feeding difficulties

Neuropsychomotor 
development delay and/or 
intellectual disability

Syndromes, chromosomal disorders, 
metabolic disorders

Consanguinity
If short stature is diagnosed 
in other family members, it is 
indicated to draw the family 
pedigree

To assess disorders with autosomal 
dominant or recessive inheritance

Parental height (measured) To estimate the target height
Parents’ age at the start of 
puberty

To assess likelihood of a familiar 
pattern of delayed puberty

Physical examination
Length or height SDS Severity of growth deficit
Body proportions (sitting 
height-total height ratio SDS; 
arm spam)

Altered sitting height-height ratio is 
suggestive of skeletal dysplasia

Weight-for-height or BMI 
showing underweight

Weight more affected than height, 
low weight-for-height and low BMI 
are suggestive of malnutrition

Weight-for-height or BMI 
showing overweight or 
obesity

Hypothyroidism, Cushing’s 
syndrome, GH deficiency, 
pseudohypoparathyroidism

Head circumference SDS Microcephaly and macrocephaly are 
important findings, indicating 
potential diagnosis

Dysmorphic features Syndromes
Pubertal stage Early, normal, or delayed puberty
General physical exam Search for chronic and systemic 

diseases

SGA small for gestational age, AGA adequate for gestational age, BMI 
body mass index, GH growth hormone
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The most commonly used method for height prediction is the 
Bayley and Pinneau method [10]. We also consider the 
 measurement of serum concentrations of IGF-1 and TSH/
free T4 as initial screening tests for most patients, due to the 
importance of these hormonal axes to normal growth. 
Besides the aforementioned, it is generally advised to request 
initially a karyotype in short girls, even in the absence of 
typical signs of Turner syndrome [4, 5] (Fig.  16.1 and 
Table 16.4).

Depending on specific clinical clues at medical history 
and physical examination, special investigations are required. 
When skeletal dysplasia is suspected, skeletal survey analy-
sis is indicated for a more precise diagnosis, including the 
following parts: skull, spine, pelvis, upper limb, and lower 
limb (Fig. 16.1) [11]. Likewise, when dysmorphic features 
are suggestive of syndromic causes, diagnostic investiga-
tions have to prioritize them. When a specific syndrome is 
recognized by clinical evaluation, the patient should be spe-
cifically tested. On the other hand, if no syndrome is clini-
cally recognizable, patients with short stature associated 
with dysmorphic features should undergo genetic testing, 

including molecular karyotyping (single nucleotide poly-
morphism array or array-comparative genomic hybridiza-
tion) and whole-genome sequencing [12, 13].

When initial clinical evaluation does not point to a spe-
cific diagnosis, including absence of dysmorphisms, body 
disproportion, or skeletal deformities in physical exam, the 
diagnostic workup may include tests for a wide group of dis-
eases that can be associated with short stature [5, 14] 
(Fig. 16.1 and Table 16.4).

One of the most important parameters to be evaluated is 
the growth hormone/insulin-like growth factor-1 (GH/IGF- 
1) axis. There are several defects that affect this axis 
(Table  16.2); among them, growth hormone deficiency 
(GHD) is the most prevalent. However, the latter is respon-
sible for only 5% of short stature cases.

Laboratorial investigation of GHD is made by direct and/
or indirect analysis of the GH secretion. The direct analysis 
is made by provocative tests (also called stimulation tests), 
and pharmacological ones are the most appropriate [15]. The 
most important tests are insulin, clonidine, arginine, and glu-
cagon, which are comparable in terms of sensitivity and 

 Short stature
At least ONE of the following:
- Height SDS < –2.0
- Height > –2.0 below TH
- Decrease in height SDS > 1

No dismorphic features, body
disproportion or skeletal deformities

Dismorphic features

 Consider in all patients:
Radiograoh of the left hand and wrisr
IGF-1, TSH, FreeT4
G-banded Karyotype in girls

Body disproportion
and/or

Skeletal deformities

Without clinical
findings of specific

diseases

Clinical findings
of specific
diseases

Short stature of prenatal or postnatal onset?
Developmental delay and/or intellectual disability?
Detailed phenotype characterizarion

Skeletal survey

Screening for disease guided
by clinical suspicion Specific tresting

if available

Recognized
syndrome

Unrecognized
syndrome

Consider comprehensive diagnostic work-up (Table 16.4)
Consider:
Idliopathic short stature
Familial short stature
Constitutional delay of growth and puberty

First step:
G-banded Karyotype and Molecular Karyotype
Second step:
Whole-exome sequencing

Main differential diagnosis
- Achondroplasia/hipochondroplasia
- Isolated SHOX defects

Fig. 16.1 Diagnostic approach in children with short stature. (SDS standard deviation score, TH target height, IGF-1 insulin-like growth factor 1, 
TSH thyroid-stimulating hormone, SHOX short stature homeobox)
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specificity. The choice of a test to provoke GH secretion is 
dependent on the center experience and on the test availabil-
ity. A substantial number of healthy short statured children 
without GHD may have an inadequate response to one test. 
Because of this, two provocative tests must be made for 
GHD diagnosis [15] (Fig. 16.2). A technical topic related to 
provocative tests is the use, or not, of sexual steroid priming. 
It is well known that the peak of GH level after a stimulation 
test is higher if the patient has been recently exposed to sex 
steroids. Clinical practice guidelines suggest that priming 
should be used mainly in children with pubertal delay, in 
order to prevent unnecessary GH treatment of children with 
constitutional delay of growth and puberty [15].

The indirect analysis of the GH secretion is made by 
serum concentrations of IGF-1 and insulin-like growth factor 
binding protein 3 (IGFBP-3). Both of them are directly 
related to GH action and are used as screening tests to select 
short statured children for GHD diagnostic tests. The IGF-1 

and IGFBP-3 serum levels vary with age, sex, and pubertal 
staging [16, 17]. When the hormonal diagnostic is estab-
lished, a hypothalamic–pituitary magnetic resonance imag-
ing (MRI) is requested for anatomical evaluation (Fig. 16.2).

It is noteworthy to highlight that recently several genomic 
approaches have been transforming the diagnostic investiga-
tion of growth disorders in an attempt to identify monogenic 
etiologies of short stature phenotype [18, 19]. These 
approaches include mutational analysis of candidate genes, 
large-scale genome-wide association studies, molecular 
karyotyping, and whole-exome sequencing. This technologi-
cal development is revealing novel causes of short stature, 
involving hormone signaling, paracrine factors, matrix mol-
ecules, and intracellular pathways [20]. Consequently, some 
authors are now proposing a new conceptual framework for 
understanding growth disorders, with a diagnostic classifica-
tion centered on epiphyseal growth plate [21].

In this “genomic approach” context, the selection of 
patients for genetic testing should take into account several 
factors and key points that increase the likelihood of a mono-
genic etiology for short stature: the severity of growth failure, 
the presence of associated clinical features, the familial segre-
gation (family members with similar phenotype), and consan-
guinity [18, 20]. Besides the etiology definition of growth 
retardation, the genetic testing approaches may be valuable 
tools for genetic counseling and future therapies [20].

 Case Report Evolution and the Diagnosis 
of Idiopathic Short Stature (ISS)

Continuing our clinical case discussion, we can conclude 
that the boy met the referral criteria to initiate diagnostic 
workup: height SDS −2.6 (<2.5) and height below target 
height (difference of 2.0 SD). Skeletal maturation analysis 
showed a significant bone age delay (chronological age of 
14.6 years with a bone age of 11 years). Serum concentra-
tions of IGF-1 and IGFBP3 were both < −2.0 SDS. As the 
patient presented a proportional short stature (SH-H SDS of 
−0.3), skeletal survey analysis was not performed. Likewise, 
as he did not present dysmorphic features, karyotype or other 
diagnostic investigations for specific syndromic causes were 
not necessary. Additional laboratory analyses, including 
TSH, free T4, blood cell count, erythrocyte sedimentation 
rate, creatinine, sodium, potassium, calcium, phosphate, 
alkaline phosphatase, venous blood gas analysis, ferritin, 
albumin, AST, ALT, γGT, IgA-anti-endomysium antibody, 
and urinalysis analysis, were all normal. As such, a clonidine 
test was performed, but the GH peak after the pharmacologi-
cal stimulus was 17 μ/L, ruling out GHD.

At this moment, we had excluded the most recognizable 
diseases associated with short stature, and we formulated a 
hypothesis of idiopathic short stature (ISS). The term ISS does 

Table 16.4 Most common laboratorial, radiographic, and genetic tests 
in diagnostic workup of patients with short stature

Exam
Objective (to detect or 
exclude)

Initial screening tests to be considered in all patients
Radiograph of the left hand and wrist Bone age
IGF-1 GH/IGF-1 axis disorders, 

poor nutritional status
TSH and free T4 Thyroid disorders
Karyotype in female patients Turner syndrome
Diagnostic workup tests to be considered in patients depending on 
their clinical evaluation
Blood cell count, erythrocyte 
sedimentation rate

Anemia, infections, 
chronic inflammatory 
diseases

Albumin, ferritin Poor nutritional status
AST, ALT, γGT Chronic liver diseases
Creatinine, sodium, potassium, venous 
blood gas analysis, urinalysis

Renal disorders, renal 
tubular acidosisa

Calcium, phosphate, alkaline 
phosphatases

Calcium/phosphate 
disorders

IgA-anti-endomysium antibodies, 
IgA-anti-tissue transglutaminase 
antibodies and total IgA

Celiac disease

GH and IGFBP-3 GH/IGF-1 axis disorders
Skeletal survey analysis (skull, spine, 
pelvis, upper limb, and lower limb, in 
two views)

Skeletal dysplasias

Molecular karyotyping (aCGH or 
SNParray)

Chromosomal copy 
number variants

Whole-exome sequencing Pathogenic mutations 
(monogenic disorders)

IGF-1 insulin-like growth factor type 1, GH growth hormone, TSH 
thyroid-stimulating hormone, Free T4 free tetraiodothyronine, IGFBP-3 
insulin-like growth factor binding protein 3, aCGH array-comparative 
genomic hybridization, SNParray single nucleotide polymorphism 
array
aRenal tubular acidosis should be excluded in children younger than 
4 years old with short stature and difficulty in gaining weight
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not reflect an exactly defined diagnosis. It is usually used for 
children whose shortness compared to age-matched normal 
population cannot be attributed to specific diseases [22]. 
According to the Consensus Statement on the diagnosis of ISS, 
“it is defined as a condition in which the height of an individual 
is more than 2 SDS below the corresponding mean for height 
for a given age, sex and population group, without evidence of 
systemic, endocrine, nutritional or chromosomal abnormali-
ties; it describes a heterogeneous group of children consisting 
of many presently unidentified causes of short stature” [4]. It is 
estimated that 60–80% of all short children presented to pedi-
atric or endocrinological evaluation can be labeled according to 
this definition. ISS can be subcategorized. The main distinction 
is between children with a familial history of short stature 
(familial short stature, FSS) and those children who are short 
for their parents (nonfamilial short stature, non-FSS) [4]. In 
FSS, children are short compared with the relevant population 
but remain within the expected target range for the family. In 
non-FSS, children are short for the population as well as for the 
target range. In addition, ISS children can also be subcatego-
rized according to the age of puberty onset, presenting a consti-
tutional delay of growth and puberty (CDGP). The diagnosis of 
CDGP is based on lack of breast development by the age of 

13 in girls and testicular volume <4.0 ml by the age of 14 in 
boys (Tanner stage 2), absence of other identifiable causes of 
delayed puberty, delayed bone age, as well as spontaneous and 
complete achievement of pubertal development during follow-
up [1].

In the presenting case, we could classify the patient with 
a nonfamilial proportional short stature of postnatal onset. 
And, because he presented a remarkable bone age delay and 
a delayed puberty, the most appropriate hypothesis was 
CDGP. The patient was evaluated every 6 months, when the 
auxological data were repeatedly measured (Fig. 16.3). He 
started puberty at the age of 15. His bone age was 12 years 
and at that time height velocity increased from 3.7 to 5.1 cm/
year. The peak height velocity was 8.8 cm/year, observed at 
16.5  years old and pubertal staging G4P3 (Fig.  16.4). At 
17.5 years old, his height was 165.3 cm (−1.4 SDS), his bone 
age was 14.5 years, his pubertal staging was G5P5, and his 
adult height prediction was 174.3 cm (0.0 SDS). At 20 years 
old, he reached his final height (or adult height) in 170 cm 
(−0.7 SDS) (Figs. 16.3 and 16.4).

The abovementioned case report is a common example in 
clinical practice. It brings out two important points in the 
management of patients with ISS. First, ISS is not a diagnos-

Clinical history compatible with GHD and/or
low IGF-1 or IGFBP-3

1° pharmacological provocative
test of GH secretion

2° pharmacological
provocative test of

GH secretion

GH peak between 5.0 and 9.9 µg/LGH peak < 5.0 µg/L

GH peak < 5.0 µg/L

GHD

GH peak ≥ 10 µg/L

GHD unlikely
Exclude GHD

Other pituitary
hormones production

evaluation

Hypoth alamic-pituitary an atomy
evalaution (MRI)

Height velocity, IGF-1 and IGFBP-3
reavaluation.

If clinical suspect is remarkable,
continue investigation.

Fig. 16.2 Investigation protocol of children with suspected GHD. (GH growth hormone, GHD growth hormone deficiency, IGF-1 insulin-like 
growth factor type 1; IGFBP-3 insulin-like growth factor binding protein 3, MRI magnetic resonance imaging)
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tic entity in terms of etiology or pathogenesis. It is a term 
used to describe such forms of growth failure that cannot be 
attributed to any known cause of short stature and are usually 
considered normal variants of growth [22]. Secondly, the 
choice whether using growth-promoting therapies or not has 
to take into account the natural history and the growth pat-
tern of children with ISS.

Several studies have been published about the natural 
history of ISS. In most of them, it is assumed that FSS and 
CDGP are different. Children with FSS tend to be younger 
at presentation of short stature, reach an adult height SDS 
similar to the initial height SDS, and reach the target height 
more precisely than the predicted adult height. Conversely, 
children with CDGP tend to be older at presentation and 
reach an adult height SDS higher than initial height SDS 
and more compatible with predicted adult height based on 
bone age [1, 22].

In an important study evaluating the spontaneous adult 
height in ISS, Ranke et al. found that 67% of children with 
FSS reached adult height within the normal range, whereas 
81% of children with CDGP reached it as well. As a group, 
only 5% of children with ISS did not reach an adult height 
above −2.0 SDS, thus becoming short adults. Moreover, 
10% of children with ISS did not reach an adult height within 

the range of their target height. In clinical observation of the 
natural history of ISS, there are three main indicators of a 
poor adult height outcome: younger age at presentation, 
lower target height, and lower predicted adult height at pre-
sentation (as measured by BP method) [22]. Once aware of 
the spontaneous growth pattern of children with ISS, growth- 
promoting therapies to improve final height are no longer 
widely justified.

 Present Therapies for Short Stature

When a specific disease is known to be the cause of growth 
retardation, the treatment of this condition is considered the 
best therapy for short stature. Current available treatments, 
used for different causes of short stature, are recombinant 
human GH (rhGH), recombinant human IGF-1 (rhIGF-1), 
gonadotropin-releasing hormone analogs (GnRHa), and aro-
matase inhibitors.

The rhGH is the main hormonal treatment of short stature 
and is accepted as a safe and effective therapy up to now. 
Presently, according to the US Food and Drug Administration 
(FDA), the indications for its use are GHD, small for 
 gestational age (SGA), Turner syndrome, Prader–Willi syn-

Fig. 16.3 Height for age growth chart of the patient presented. (Red marks = height measures in follow-up visits; yellow marks = bone age as 
determined by Greulich and Pyle criteria; G2, G3, and G5 = pubertal stages 2, 3, and 5, respectively, as determined by Marshall and Tanner)
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drome, chronic kidney disease, SHOX gene haploinsuffi-
ciency, Noonan syndrome, and ISS.  According to the 
European Medicines Agency (EMA), indications are the 
same, except for Noonan syndrome and ISS, which are not 
included. Several studies assessed different variables which 
can influence final height after rhGH therapy in children with 
different conditions. Duration of treatment, height at the start 
of treatment, bone age delay, height at puberty onset, midpa-
rental height, and first year of treatment growth velocity 
were positively correlated, whereas age at the beginning of 
treatment had a negative correlation [2, 15].

GHD is the most accepted indication for rhGH treatment. 
In these cases, the reposition of physiological doses of GH 
(33 μg/kg/day) allows for growth normalization and should 
be initiated as soon as the diagnosis is established [15]. 
Children with severe GHD have higher height velocity in ini-
tial treatment and greater height gain in overall treatment 
than other causes of short stature. When initiated early, GH 
reposition results in adult height close to target height [23].

The use of rhGH to increase adult height in ISS is contro-
versial. Most studies indicate that height velocity increases 
in short term and that final height gain is modest, with a 
mean increase of 4 cm [24]. Studies about the natural his-
tory of ISS show that most children become normal adults 
with adequate stature outcome, even without treatment [22]. 
In addition, in children with ISS, there is a great interindi-
vidual variability in the response to GH therapy, and there 
are no effective tools to predict the individual response. The 
treatment has a high cost and is not completely free of 
adverse effects. Most studies do not show sufficient evi-
dence with respect to safety and psychosocial benefits in 
this condition [25]. For these reasons, in recent clinical 
practice guidelines, Grimberg et al. suggest that GH treat-
ment for ISS patients should be made on a case-by-case 
basis after assessment of physical and psychological bur-
dens and discussion of risks and benefits [15] with the fam-
ily and the patient, if possible [25].

Besides rhGH, alternative growth-promoting therapies 
have been assessed in ISS as well as in other causes of short 

Fig. 16.4 Height velocity for age growth chart of the patient presented. (Red marks = height velocity measures in follow-up visits; G2, G3, and 
G5 = pubertal stages 2, 3, and 5, respectively, as determined by Marshall and Tanner)
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stature. Some studies evaluated the use of GnRHa, with or 
without concomitant GH in short stature. Those that kept the 
agonists for 3 or more years showed a modest final height 
gain in children with GHD, ISS, and SGA [26–28]. However, 
the consequences of its use in long terms are still unclear.

The use of aromatase inhibitors has also been evaluated in 
boys with short stature. They are capable of inhibiting the 
conversion of testosterone in estradiol and thus enhancing 
height potential by delaying epiphyseal fusion while promot-
ing linear growth [29]. Initial questions about bone health are 
still not completely elucidated. Despite that, trials in CDGP 
boys and ISS pubertal boys show promising results with a 
well-tolerated and safe use [29–31].

Recombinant human IGF-1 is the treatment of choice in 
children with primary or secondary forms of GH insensitiv-
ity, and its use is recommended to increase height in these 
conditions [15].

Last but not least, we should take into account the impor-
tance of ethical aspects on growth promotion and the chal-
lenge to resist cosmetic endocrinology. The advent of 
recombinant human GH brought the narrative of “GH for 
height,” meaning “increasing height gain and attainment in 
children who are short for reasons other than GHD,” mostly 
in ISS children [25]. This narrative considers a psychosocial 
belief that “distress in short children is due to their short-
ness,” which is biased, uncertain, and not proved by quality 
of life studies. In agreement with Allen [25], we believe that 
our responsibility is putting on the scale the most appropriate 
choice for these children: indicating them necessary treat-
ments or protecting them from unnecessary ones.
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Delayed Puberty

Caroline Colvin, Gayathri Devineni, Bhuvana Sunil, 
and Ambika P. Ashraf

 Introduction

Puberty is an indelible period of metamorphosis of the 
human lifecycle, which culminates in sexual maturation and 
reproductive capability. The failure to develop in a normal 
and timely fashion can, therefore, cause profound anxiety in 
individuals and families. Furthermore, awareness that puber-
tal delay can indicate significant underlying pathology com-
pels physicians to investigate any perceived deviation from a 
rigidly defined acceptable pattern of development. The abil-
ity to distinguish between various causes of delay and to dif-
ferentiate significant underlying pathology from common 
benign delay can be daunting often requiring prudent inves-
tigation. Depending on the ultimate diagnosis, treatment 
options vary, but most patients can ultimately expect to 
achieve pubertal maturation and fertility.

Puberty is initiated when the hypothalamic gonadotropin- 
releasing hormone (GnRH) pulse generator begins secreting 
brief nocturnal pulses of GnRH from the hypothalamic arcu-
ate nucleus which subsequently stimulate the pituitary to 
release luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) [1]. Kisspeptin acts on the hypothalamic 
GnRH neurons, stimulating GnRH secretion [2]. The gonad-
otropins (LH and FSH) promote gonadal maturation, and 

gonads synthesize sex steroids, including testosterone and 
estrogen, and other proteins. LH acts on theca cells and inter-
stitial cells to produce progestins and androgens which dif-
fuse into adjacent granulosa cells. FSH acts on granulosa 
cells to stimulate aromatization of these androgens to estro-
gen. Estrogen and testosterone then promote pubertal 
changes throughout the body and provide negative feedback 
effect on the GnRH and gonadotropins (Fig. 17.1).

The first physical signs of puberty are typically breast 
development in girls and testicular enlargement in boys (tes-
ticular volume > 3 ml/ ≥ 2.5 cm in length). Some children, 
especially girls, have the appearance of pubic hair prior to the 
initiation of breast development, but in the absence of other 
puberty signs this usually represents adrenarche [adrenal 
source of androgens, independent of hypothalamic- pituitary- 
gonadal (HPG) axis maturation] and not true puberty. The 
trigger(s) for re-activation of the HPG axis is not completely 
understood, but modifying factors include general health, 
nutrition, genetic determinants, pubertal timing among pri-
mary relatives, endocrine-disrupting chemicals, and body 
mass index. Elevated body mass index (BMI) is often associ-
ated with delayed puberty in boys [3, 4]. Many of the genes 
involved in the HPG axis maturation are still unknown. 
Kisspeptin-1 and its cognate receptor (GPR54, a G protein-
coupled receptor) are integral to the normal function of HPG 
axis and play critical role in the physiologic regulation of 
puberty [2, 5]. Kisspeptin is co-expressed with neurokinin B 
and dynorphin, and these signaling pathways are also impor-
tant in physiologic regulation of puberty [6]. There is evi-
dence that leptin, a 16 kDa hormone product of the Ob gene, 
synthesized by adipocytes, plays a permissive role [7, 8].

In delayed puberty, 16–40% of the population has loss of 
function mutation in the GnRH receptor. HS6ST1, FGFR1, 
KLB, and variants in several HH genes including GNRHR, 
TAC3, TACR3, IL17RD, and SEMA3A have been identified 
by whole exome sequencing; however, the exact pathogenic-
ity of all these mutations is unknown [9–12]. Recently, in a 
Finnish family with delayed puberty, a gene of the immuno-
globulin superfamily, IGSF10, has been described to cause 
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delay by a defective neuroendocrine network of the GnRH 
pulse regulator [13].

Although the lower limit of normal for the onset of 
puberty is contestable, the average age for this process is 
generally accepted to be 9–10 years for girls and 10–11 years 
for boys [1, 14]. Delayed puberty can be defined as failure to 
demonstrate signs of pubertal maturation by an age that is ≥2 
standard deviations above the population mean [1]. Delayed 
puberty is considered when there is lack of testicular enlarge-
ment by age 14 in males, lack of breast development by age 
13 in females, absence of menarche by age 16 years in girls, 
or absence of menarche within 5 years of pubertal onset [15, 
16]. Parenthetically, males present far more often for evalua-
tion of delayed puberty, but it has been suggested that this is 
in part due to a referral bias [17, 18].

 Key Points to the Diagnosis

There is a wide range of conditions that can present with a 
delay in puberty [17], which requires a systematic tapered 
approach fundamental to the diagnostic process. In consider-

ing a patient with delayed puberty, the most important initial 
assessment is the gonadotropin status. Disorders of pubertal 
delay can be broadly categorized into hypogonadotropic, 
hypergonadotropic, and eugonadotropic hypogonadism 
(Table 17.1).

 Hypogonadotropic Hypogonadism (HH)

Hypogonadotropic hypogonadism (HH) is the commonest of 
the groups in both sexes and includes many pathologic disor-
ders that can be further subdivided into constitutional delay 
of growth and puberty (CDGP), functional hypogonado-
tropic hypogonadism (FHH), and permanent hypogonado-
tropic hypogonadism (PHH). This classification can facilitate 
the diagnostic process by appropriately directing early evalu-
ation efforts. HH is defined as lack of normal gonadal func-
tion secondary to low or absent gonadotropin secretion. In 
this case, the defect can be in the pituitary gland itself, or it 
can be related to hypothalamic dysfunction (delayed activa-
tion of the GnRH pulse generator). The delay in puberty can 
be either temporary or permanent. Isolated hypogonado-
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tropic hypogonadism is diagnosed if there is no evidence of 
puberty by the age of 18 years [1].

Evaluation: In addition to low or absent LH/FSH, sex ste-
roid concentrations will be in the pre-pubertal range, and 
bone age is typically delayed. Serum concentrations of adre-
nal androgens may be normal.

 Constitutional Delay of Growth and Puberty 
(CDGP)

Constitutional delay of growth and puberty is the most 
common cause of delayed puberty, especially in males 
(65% of boys and 30% of girls with delayed puberty) [17]. 
It is a benign variant of normal growth and development 
and is, notably, a diagnosis of exclusion. Typically, a child 
will be normal size at birth and in infancy. At some point in 
early childhood, a decrease in growth velocity (GV) begets 
a decline in height centile for age. Normal growth then 
resumes with the child growing at an age-appropriate GV 
and at a consistent but low height percentile for age. This 
represents a global delay in biologic maturity affecting 
puberty and bone maturation. Height is usually appropriate 
for genetic potential when plotted for bone age. Often, 
there is a family history of “late bloomers” in the family 
history of delayed puberty in the patient’s parents or sib-
lings (77%) [19]. Pedigree studies show that children with 
CDGP are mainly autosomal dominant with variable pene-
trance [20]. They exhibit a relatively normal pre-pubertal 
growth velocity and protracted pre-pubertal growth nadir. 
The discordance in height vs. peers is exacerbated by a 
relatively lower growth velocity compared to peers who are 
undergoing a pubertal growth spurt. The growth velocity 
and height, however, should remain normal for bone age 
and pubertal stage. After HPG axis maturation, secondary 
sexual characteristics appear in their natural sequence with 
normal secondary sexual characteristics development. In 
93% of cases, spontaneous pubertal maturation occurs by 
18 years and has an excellent height phenotype. In some 
cases, the constitutional delay of puberty superimposed on 
constitutional short stature and final height may be shorter 
than genetic potential [21].

Diagnosis of this common condition is ultimately a matter 
of watchful waiting with close monitoring of growth and 
development. However, judicious evaluation to rule out other 
conditions and support the likelihood of CDGP is important. 
Clustering of CDGP has been clearly established [17, 19], 
and the pericentromeric region of chromosome 2 harbors a 
gene predisposing to pubertal delay [19]. Growth charts, if 
available, should be reviewed to demonstrate typical CDGP 
pattern. In CDGP, both adrenarche and gonadal enlargement 
occur later than average. In isolated hypogonadotropic hypo-
gonadism (IHH), there is dissociation of adrenarche and 
gonadarche, with adrenarche occurring at normal age [17, 
22]. GV and serum somatomedin-c (IGF1) should be moni-
tored and remain normal for pubertal status.

Evaluation: Patients can have low/normal serum gonad-
otropins and a delayed bone age. Even though 
gonadotropin- releasing hormone (GnRH) agonist stimula-
tion testing is often ambiguous in differentiating CDGP 
and permanent HH [23], a positive response to GnRH 

Table 17.1 Etiology of delayed puberty

Hypogonadotropic hypogonadism (low LH and FSH)
1. Constitutional delay of growth and puberty (CDGP)
2. Functional hypogonadotropic hypogonadism: Delayed, but 
spontaneous, pubertal development
3. Permanent hypogonadotropic hypogonadism:
   Hypothalamic and pituitary dysfunction: Isolated gonadotropin 

deficiency, panhypopituitarism
    Acquired causes: Hypophysitis, Langerhans histiocytosis, 

radiation therapy, head trauma, anorchia, testicular torsion, 
mumps, chronic disease states including malnutrition, anorexia 
nervosa, untreated autoimmune diseases, inflammatory bowel 
disease, cystic fibrosis

    CNS tumors: Germinoma, optic glioma, oligodendroglioma, 
Rathke’s pouch/cleft cyst astrocytoma, pituitary tumor, 
craniopharyngioma

    Congenital malformation with midline central defect (septo- 
optic dysplasia)

   Mutations in the PROP1, LHX3, LHX4, SOX2, and HESX1 genes
   Mutations in the NROB1, GPR54 genes, GnRH receptor gene 

mutations, inactivating mutations of KISS1 and KISS1 R genes, 
loss of function mutations in genes encoding neurokinin B and its 
receptor, FGF8, FGFR1, KAL1, PROK2, PROKR2, NELF 
mutations

   Syndromes: Prader-Willi syndrome, coffin-Lowry syndrome, 
CHARGE syndrome, Laurence-moon-Biedl syndrome, Gordon 
syndrome, Holmes syndrome, and others

Hypergonadotropic hypogonadism (increased LH and FSH)
    1. Gonadotropin receptor mutations.
    2. FSH-β subunit gene mutation.
    3. LH/FSH receptor mutation.
    4. Gonadal dysgenesis: Turner syndrome, mixed gonadal 
dysgenesis, Klinefelter syndrome.
    5. Premature ovarian failure.
    6. Resistant ovary syndromes.
    7. Gonadal injury/loss: Irradiation, cytotoxic therapy, trauma, 
infections, galactosemia, AIS with gonadectomy.
    8. Glycoprotein syndrome type 1.
    9. Androgen resistance.
Eugonadotropic hypogonadism (normal LH and FSH)
1. Steroidogenic enzyme defects
    (a) Cholesterol desmolase complex deficiency (lipoid adrenal 

hyperplasia)
    (b) 3-β OH-steroid dehydrogenase deficiency
   (c) 17 α-hydroxylase deficiency
   (d) C17,20-Desmolase deficiency
   (e) 17-β OH-steroid oxidoreductase deficiency
   (f) 21-hydroxylase deficiency in girls
2. Anatomic abnormalities: Imperforate hymen, vaginal atresia, 
vaginal and uterine agenesis (Mayer-Rokitansky-Küster-Hauser 
syndrome)
3. Polycystic ovary syndrome
4. Prolactinoma
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agonist is suggestive of CDGP. To date, no single lab test 
or hormone stimulation protocol has the sensitivity and 
specificity to confirm this diagnosis. Response to sex ste-
roid replacement therapy, which will often trigger activa-
tion of the HPG axis in CDGP but not permanent HH, may 
aid in the diagnosis. Baseline, morning testosterone con-
centration of ≥20 ng/dl suggests the appearance of puber-
tal signs within 12–15  months [24]. A very low basal 
serum FSH (<0.2 IU/L by ICMA and < 1.0 U/L by IFMA) 
infers permanent HH [25, 26]. Serum inhibin B (INHB) 
measurement will help to discriminate permanent HH 
from CDGP. INHB is produced by Sertoli cells upon FSH 
stimulation and is a reflection of Sertoli cell integrity [27]. 
A baseline INHB concentration of >35  pg/ml is highly 
suggestive of CDGP [27].

 Functional Hypogonadotropic Hypogonadism 
(FHH)

Functional hypogonadotropic hypogonadism represents 
another form of temporary, reversible HH.  It accounts for 
about 20% of children with delayed puberty [17]. Within this 
category is a broad range of pathology that highlights the 
complexity of the HPG axis and the diverse factors that must 
coordinate to initiate puberty. The most common diagnoses 
are related to chronic or underlying illnesses, such as hypo-
thyroidism, cystic fibrosis, Crohn’s disease, inflammatory 
disorders that produce cytokines, immunosuppression seen 
in perinatally HIV-infected children, and chronic renal fail-
ure [17, 28, 29]. The mechanism of pubertal delay in the case 
of underlying illness is thought to be manifold, involving a 
combination of factors that include, but not limited to, under-
nutrition, stress, and medications such as corticosteroids 
resulting in abnormal gonadotropin secretion [28]. The 
implicated genetic variations are in genes that have been 
associated with idiopathic hypogonadotropic hypogonadism 
[30]. As aforementioned, a common cause of FHH is malnu-
trition, as seen in anorexia nervosa or intense exercise result-
ing in HPG dysfunction. The connection between weight, 
especially body fat mass and puberty, has been extensively 
studied [7, 31, 32]. On the other extreme, bulk training exer-
cises, especially in sports like boxing and wrestling, may 
also lead to transient interruption in puberty.

Evaluation: A thorough and detailed history may disclose 
systemic complaints, eccentric eating habits, or an obsession 
with exercise and weight loss. Physical exam may be reveal-
ing at times: weight and BMI will typically be low for age, 
and erosion of dental enamel, lanugo hair, and callused 
knuckles may suggest eating disorders. Elevated sedimenta-
tion rate and/or other inflammatory markers may be detected. 
Further evaluation depends on general clinical picture.

 Isolated Gonadotropin Deficiency

Isolated GnRH deficiency resulting in low or inappropriately 
normal gonadotropins and absent or incomplete puberty 
could be associated with abnormalities in craniofacial, skel-
etal, neurologic, renal, and olfactory systems. This could be 
due to molecular defects that alter the regulation of GnRH 
release, GnRH neurons, the action of GnRH or gonadotro-
pins, or both GnRH and gonadotropins. Rare sequence vari-
ants (RSVs) in genes involved in GnRH neuronal migration 
(FGF8, FGFR1, KAL1, PROK2, PROKR2, and NELF), 
secretion (GNRH1, GPR54, TAC3, and TACR3), and recep-
tivity (GNRHR) have been reported to contribute to GnRH 
deficiency in both men and women [33–35].

Kallmann syndrome (KS) is a well-known cause of 
gonadotropin deficiency due to abnormalities in the KAL1 
gene and is inherited as X-linked dominant or autosomal 
recessive disorder [33, 36]. This condition is caused by 
abnormal migration of embryonic GnRH and olfactory neu-
ronal cells to the hypothalamus, resulting in HH and anosmia 
or hyposmia.

FGFR1 mutations are autosomal dominant and are often 
associated with cleft lip/cleft palate, syndactyly, or skeletal 
abnormalities. Other cases of permanent isolated HH have 
historically been referred to as idiopathic HH (IHH). More 
recently, several genetic mutations have been reported in 
some of these cases.

Multiple GnRH receptor mutations causing GnRH insen-
sitivity and G protein-coupled receptor 54 mutations causing 
impaired gonadotropin secretion have been identified [36]. 
At the time of puberty, the affected patients may have adre-
narche – some pubic hair may be there, but little or no breast 
development or axillary hair and present with primary 
amenorrhea.

HH is reported in leptin deficiency and puberty can be 
induced by recombinant leptin [8]. HH has also been reported 
in DAX1 mutations. DAX1 is a nuclear receptor protein 
encoded by the NR0B1 and associated with X-linked con-
genital adrenal hypoplasia and HH, secondary to attenuated 
production of gonadotropins by the pituitary [37].

A reversible form of congenital GnRH deficiency also has 
been identified where the activation of the GnRH- 
gonadotropins axis is markedly delayed, yet the affected sub-
ject undergoes a sustained reversal of hypogonadotropism by 
the age of 18 [38].

A few neurological conditions are also known to be asso-
ciated with delayed puberty. The 4H syndrome is caused by 
mutations in POLR3A/B and causes myelination defects 
(hypomyelination), hypodontia, and hypogonadotropic 
hypogonadism [39]. Gordon Holmes syndrome is associated 
with RNF216, OTUD4, and PNPLA6 mutations and pres-
ents as HH and ataxia [40]. A syndrome complex of polyneu-
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ropathy, endocrinopathies, and HH has been studied in 
children with DMXL2 mutation. Warburg Micro syndrome 
may be associated with ocular and neurodevelopmental 
issues and HH due to mutations in the RAB2GAP1 dysregu-
lation of the RAB cycle.

Evaluation: In all cases of isolated HH, other pituitary 
hormones should be assessed to confirm that the defect is 
truly isolated to gonadotropin secretion. In KS there is often 
associated decreased olfaction, synkinesia (mirror move-
ments), sensorineural deafness, unilateral renal agenesis, and 
pes cavus. Brain MRI with contrast imaging in cases of KS 
may show aplasia/hypoplasia of olfactory bulb and sulci. 
Some patients with isolated HH will have a positive family 
history, but most cases are sporadic. Genetic testing for asso-
ciated mutations is possible, but frequently not diagnostic 
insofar as the majority of isolated HH is idiopathic, that is, 
not associated with identified genetic abnormalities [2]. It 
can be particularly challenging to differentiate between CD 
and isolated HH. Definitive diagnosis of GnRH deficiency 
cannot be established before 18 years.

 Multiple Pituitary Hormone Deficiencies

Hypogonadotropic hypogonadism as part of a constellation 
of multiple pituitary hormone deficiencies (MPHDs) can 
occur in the setting of central nervous system (CNS) tumors 
(i.e., craniopharyngioma, germinoma, hypothalamic gli-
oma, prolactinoma), non-tumoral lesions (i.e., histiocytosis, 
granuloma, hydrocephalus, vascular lesions, dermoid and 
epidermoid cysts), cerebral dysgenesis, CNS trauma or 
infection, and destructive medical therapies such as radia-
tion therapy. Genetic mutations, including defects in tran-
scription factors involved in pituitary formation such as 
PROP1, HESX1, LHX3 and LHX4, and SOX2, have also 
been incriminated [36].

In children, craniopharyngiomas are the predominant 
cause of permanent HH [17]. They are benign tumors that 
arise in the suprasellar region of the brain and may cause 
symptoms related to increased intracranial pressure and/or 
pituitary gland and optic nerve dysfunction [41]. Growth 
hormone deficiency is the most common endocrinologic dis-
order, but all pituitary hormones can be affected, and most 
adolescents presenting with these tumors will have delay in 
puberty [42]. Surgery and radiation therapy may further 
damage pituitary and hypothalamic function leading to per-
manent hormone deficiencies. Depending on dose and ana-
tomical location, intracranial radiation therapy, in particular, 
causes irreversible damage to the hypothalamic-pituitary 
axis. It usually affects the hypothalamus to a greater extent 
than the pituitary gland; precocious puberty is more common 
than delayed puberty [43].

Septo-optic dysplasia (SOD) with midline cerebral dys-
genesis can cause pubertal delay. It is characterized by con-
genital absence of the septum pellucidum, bilateral optic 
nerve hypoplasia, and hypopituitarism. There is significant 
variability in the severity of affected children but typically 
involves visual impairment and pituitary hormone deficiency 
with radiologic abnormalities of the septum pellucidum or 
corpus callosum. It is occasionally associated with HESX1 
gene mutations [44]. The FGF8 mutation has been associ-
ated with Moebius syndrome and septo-optic dysplasia as 
well.

Histiocytosis X is a condition that usually presents with 
diabetes insipidus but may also present with multiple pitu-
itary hormone abnormalities leading to pubertal delay.

Evaluation: In any case of MPHD, laboratory assessment 
of thyroid function, adrenal function, growth, and electrolyte 
balance is indicated. Physical exam should include a thor-
ough neurologic examination. A careful history should 
include review of past or recent head trauma, CNS infection, 
or intracranial radiation therapy. A review of systems should 
be performed with particular attention to visual change, 
headache, vomiting, fever, polyuria, polydipsia, poor growth, 
and salt craving. In most cases of MPHD, brain and pituitary 
imaging is a requisite, and, if SOD is considered, an ophthal-
mologic exam is a requisite to evaluate optic nerves and 
vision. Genetic testing is not indicated in all patients, but for 
those with a family history of MPHD and specific radio-
graphic findings, targeted testing for specific mutations may 
be indicated [45].

 Genetic Syndromes
There are several congenital syndromes that have HH as one 
of the primary findings. The most well-known syndrome is 
Prader-Willi syndrome (PWS). It is caused by loss of 
imprinted genetic material from the paternally derived chro-
mosome 15. In addition to HH, it is marked by neonatal 
hypotonia, feeding problems in infancy, obesity, hyperpha-
gia, developmental delay, small hands/feet, and short stature. 
It is usually sporadic.

CHARGE syndrome is another common syndromic cause 
of HH [17]. This acronym stands for coloboma, heart defects, 
choanal atresia, impaired growth and development, genital 
hypoplasia, and ear abnormalities and/ or hearing loss.

Mutations in the CHD7 gene have recently been identi-
fied in approximately 2/3 of affected patients [46], and it has 
been suggested that the developmental abnormality causing 
HH in this condition may be similar to that seen in KS [47]. 
It can be an autosomal dominant mutation, but most cases 
are sporadic. Bardet-Biedl syndrome also includes HH as a 
primary feature. Other manifestations of this rare, autosomal 
recessive condition include rod-cone dystrophy, obesity, 
renal dysfunction, developmental delay, and postaxial 
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polydactyly. Rud syndrome is also characterized by ichthyo-
sis, HH, and epilepsy. Alstrom syndrome, associated with 
 cardiomyopathy and cone rod abnormalities, and Bloom 
syndrome are other syndromes associated with HH.

The presence of other dysmorphic characteristics associ-
ated with a syndrome in addition to HH warrants further 
evaluation. For PWS, genetic testing, preferably with DNA- 
based methylation testing [48]. CHARGE and Bardet-Biedl 
syndromes are both diagnosed clinically. CHARGE syn-
drome diagnosis is based on major and minor criteria, but 
genetic testing for CHD7 mutation is available. Similarly, 
there is genetic testing for 14 associated genetic mutations 
for Bardet-Biedl, but the diagnosis is based on the presence 
of primary and secondary phenotypic features [49].

 Hypergonadotropic Hypogonadism (HHG)

Hypergonadotropic hypogonadism (HHG) causes delayed 
puberty due to primary gonadal failure. By definition, these 
disorders have elevated levels of gonadotropins without con-
comitant increase in sex steroid concentrations and without 
signs of pubertal maturation. Within this category lie primar-
ily disorders of gonadal dysgenesis and gonadal injury.

 Gonadal Dysgenesis

Gonadal dysgenesis is the most common cause of hypergo-
nadotropic hypogonadism in children [17]. It is usually 
related to chromosomal abnormalities, and hence chromo-
somal analysis is fundamental in the evaluation of children 
with HHG. In females, Turner’s syndrome (TS) is a condi-
tion of X-monosomy (45, X) or structural abnormalities of 
an X chromosome. Mosaicism is common (50% may have 
45X/mosaic karyotype). Girls have short stature and lack of 
normal pubertal development secondary to streak ovaries 
and premature ovarian failure. The degree of pubertal matu-
ration is variable with occasional spontaneous menarche and 
rare fertility [50]. Other characteristics include heart and 
renal abnormalities, webbed neck, and broad chest. Mixed 
gonadal dysgenesis (MGD) can also occur similarly with 
X-monosomy/XY mosaicism. This protean genetic disorder 
can range in phenotypic presentation depending on degree of 
mosaicism, from phenotypic female to phenotypic male.

Klinefelter syndrome is a chromosomal abnormality found 
in males presenting with delayed puberty. In this case the 
underlying karyotype is 47-XXY. Along with HHG, this con-
dition is characterized by tall stature; gynecomastia; small, 
firm, fibrotic testes; decreased upper to lower segment body 
ratio; and learning disabilities. Klinefelter is typically charac-
terized by declining inhibin B and AMH levels due to Sertoli 
cell dysfunction. Other less prevalent disorders of gonadal 

dysgenesis in 46XY karyotype are Swyer syndrome (46XY, 
streak gonads), Drash syndrome, Frasier syndrome, mutations 
of SOX-9, DAX1 with duplication of Xp21, and mutations in 
the SF1 [16]. 46,XX males, who may be SRY positive or nega-
tive, can present with hypergonadotropic hypogonadism, 
small testes, and normal-appearing external genitalia at birth.

 Disorders of Sex Development

Certain disorders of sex development can present as hyper-
gonadotropic hypogonadism. For example, children with 
AIS or 5-alpha reductase deficiency (5-ARD) are genetically 
XY but are often raised female because of ambiguous or 
female external genitalia. They may present with pubertal 
delay or primary amenorrhea when there is a failure to prog-
ress through normal female puberty.

Rare cases of gonadotropin receptor mutations (LH/FSH 
receptor mutation in XX females) with normal breast devel-
opment, primary or secondary amenorrhea, elevated serum 
LH/ FSH [depending on mutation of LH/FSH receptor], low 
estradiol level, and infertility have been reported. LH recep-
tor mutation (homozygous or compound heterozygous inac-
tivating mutations of the LH receptor) in XY males presents 
with male pseudohermaphroditism – female external genita-
lia/micropenis, absence of Müllerian structures, Leydig cell 
hypoplasia, lack of breast development, or hypergonado-
tropic hypogonadism [15, 51, 52].

FSH-β subunit gene mutation presents with delayed 
puberty, primary amenorrhea, elevated LH, and low or unde-
tectable FSH [53, 54]. FSH receptor mutation presents with 
primary gonadal failure and HHG in females [53]. FSH is 
required for follicular development and ovarian androgen 
and estrogen synthesis in females. Males present with oligo-
spermia but are fertile as FSH is not necessary for spermato-
genesis [54].

Recently, mutations in the HAX1 gene have been impli-
cated as important in gonadal development and may present 
as premature ovarian failure in girls.

 Gonadal Injury or Loss

Hypergonadotropic hypogonadism also occurs in children 
who have suffered gonadal damage. Some causes are iatro-
genic (i.e., surgery, radiation, chemotherapy), environmental 
factors, viral infections, metabolic and autoimmune diseases, 
and genetic alterations. Gonadal tissue is particularly sensi-
tive to radiation damage but can also be affected by many 
chemotherapeutic agents [17]. Testicular tissue is more sen-
sitive to damage by these cytotoxic therapies compared to 
ovarian tissue, and in all cases the risk is agent and dose 
dependent [55].
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Gonadal tissue can also be injured by a wide spectrum of 
other processes, including trauma, infarction, and infection. 
In addition, certain disease processes can affect gonadal tis-
sue and lead to pubertal dysfunction and infertility. 
Autoimmune polyendocrine syndrome type 1 (APS 1), for 
example, is associated with autoimmune-induced damage to 
gonadal tissue. Gonadal failure is much more common in 
females with this disorder, and there is correlation between 
SCC autoantibodies and ovarian failure in women with APS1 
[56]. Galactosemia is also associated with HHG in female 
patients, especially those for whom treatment was delayed. It 
is thought that this is caused by cellular galactose toxicity 
occurring very early in life [57].

Complete loss of gonadal tissue can also present with 
delayed puberty. There are several indications for gonadec-
tomy in the prevention and treatment of malignancy, includ-
ing mixed gonadal dysgenesis and selective cases of 
androgen insensitivity syndrome (AIS) [58]. Additionally, 
anorchia is a male condition in which testes form normally in 
utero, as evidenced by normal male genitalia, but are absent 
at the time of birth, indicating loss sometime after the 14th 
week gestational age. The cause is unknown. “Resistant 
ovary syndrome” is a condition due to abnormalities in 
gonadotropin receptors or antibodies to these receptors seen 
in 46,XX karyotypes, typically presenting with sexual imma-
turity and primary amenorrhea and small ovaries with pri-
mordial follicles despite elevated gonadotropin 
concentrations [59, 60].

Evaluation of Hypergonadotropic Hypogonadism: A 
careful history should disclose past surgeries, exposure to 
chemotherapy (especially of alkylating agents) or radia-
tion, gonadal trauma or testicular torsion, prior episodes of 
orchitis, and the presence of other medical problems, 
including sickle cell disease, galactosemia, and autoim-
mune illnesses (especially hypoparathyroidism and 
Addison’s disease). If autoimmunity is suspected, certain 
autoantibodies associated with APS1 can be measured with 
those against 21- hydroxylase being the most common. If 
an undiagnosed underlying process is suspected based on 
history or physical examination, further evaluation should 
be tailored specifically as needed. Ultrasound examination 
of abdominal gonads and/or chromosomal analysis is often 
warranted.

 Eugonadotropic Hypogonadism (EH)

There are several conditions that can present with normal, 
pubertal gonadotropin levels with delayed or abnormal 
pubertal progression. Hormonal imbalances, for example, 
can cause failure to mature appropriately despite normal 
gonadotropin levels. Females with polycystic ovarian syn-
drome (PCOS) can undergo puberty appropriately but fail 

to proceed to menarche. These girls, usually obese, have 
normal reproductive anatomy and secondary sex character-
istics but may have signs of insulin resistance and hyperan-
drogenism including severe acne or hirsutism. 
Hyperprolactinemia can also present with hypogonadism. 
Males will often have gynecomastia and females can have 
galactorrhea. The most common cause of elevated prolactin 
levels is prolactinoma.

Anatomic abnormalities are another cause of delayed 
puberty. Vaginal outflow obstruction such as imperforate 
hymen can prevent menstrual outflow, a so-called pseudo- 
primary amenorrhea. Müllerian duct anomalies (MDAs) are 
another type of anatomic abnormality that can present with 
primary amenorrhea. MDAs are classified according to level 
and degree of malformation. Class 1 represents segmental or 
complete agenesis or hypoplasia that can involve any combi-
nation of the vagina, cervix, fundus, and fallopian tubes 
(American Fertility Society, 1988) and is referred to as 
Müllerian aplasia [61]. Mayer-Rokitansky-Küster-Hauser 
syndrome is associated with uterine and vaginal hypoplasia/
aplasia, where ovaries and fallopian tubes are preserved [16].

Evaluation: A careful physical examination including 
assessment of weight, acanthosis, hirsutism, acne, gyneco-
mastia or galactorrhea, neurologic or visual abnormalities, 
secondary sex characteristics, and external genitalia is war-
ranted. Laboratory tests should include a serum prolactin. If 
PCOS is suspected, an elevated free testosterone level can 
strengthen the diagnosis, and a 17-OHP level should be 
obtained to rule out nonclassical congenital adrenal hyper-
plasia. Chromosomal analysis is warranted if a disorder of 
sex development is entertained. If serum prolactin level is 
elevated, an MRI of the brain/pituitary to detect prolacti-
noma is indicated. Abdominal and pelvic ultrasound is often 
helpful in EH cases and can identify polycystic ovaries, vagi-
nal obstruction, and the presence of gonads and other inter-
nal reproductive organs.

 Diagnostic Tests

Table 17.2 summarizes the diagnostic evaluation. A detailed 
history (especially of parental consanguinity, age of puberty 
and history of infertility in family members, anosmia, nutri-
tional history, systemic illness), thorough physical examina-
tion (special attention to stature, BMI, accurate sexual 
maturity staging/Tanner staging, stigmata of known condi-
tions and systemic illnesses, galactorrhea, etc.), bone age 
evaluation, and appropriate laboratory evaluations as indi-
cated (i.e., karyotype, LH, FSH, estradiol/testosterone, other 
pituitary hormones, thyroid function and prolactin) will be a 
reasonable starting point. The aim of initial evaluation is to 
rule out underlying disorders causing delayed puberty. The 
assay methodology of serum LH and FSH determination is 
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important as values obtained by immunochemiluminometric 
assays (ICMA) are less than half of those obtained by 
 immunofluorometric assays (IFMA) [62]. Serum LH is a 
more specific marker of pubertal onset than FSH; the latter is 
a more specific marker of primary gonadal failure [62]. Basal 
levels of LH and FSH may discriminate between hypo−/
eugonadotropic and hypergonadotropic causes.

A delay in bone age is commonly seen in delayed puberty. 
If the bone age is >2 years delayed, the height prediction by 
Bayley-Pinneau tables overestimate predicted target height 
in CDGP [1, 62]. Karyotype and/or comparative genomic 
hybridization is indicated in hypergonadotropic hypogonad-
ism. Pelvic ultrasound (US) in girls will help to delineate the 
presence of absence of uterus and ovaries as well as any evi-
dence of stimulation. Brain imaging is also indicated, espe-
cially in cases of hypogonadotropic hypogonadism. Serum 
INHB corroborates the functional integrity of the Sertoli 
cells. Depending on the clinical and laboratory assessment, 
imaging of brain and pelvic ultrasound is indicated. If basal 
gonadotropin levels are inconclusive, stimulation tests may 
assist in differentiating CDGP vs. HH. However, no single 
test has 100% specificity/sensitivity.

Role of stimulation tests If basal gonadotropin levels are 
inconclusive, stimulation tests may be helpful in differentiat-
ing CDGP vs. hypogonadotropic hypogonadism (HH). 
However, no single test has 100% specificity/sensitivity.

 1. GnRH or a GnRH agonist stimulation test: This is the 
gold standard for biochemical evaluation of HPG axis 
activation determined by the LH response to a classical 
GnRH stimulation test. LHRH agonist stimulation test is 
more popular due to its wide availability and is also con-
sidered to be more discriminative than provocative LHRH 
test [63]. There is a significant overlap in LH and FSH 
responses between CDGP and HH patients. Persistence 
of low basal or GnRH agonist stimulated LH and FSH in 
a late teen with a bone age > 12 years may be suggestive 

of defective gonadotropin secretion. A positive response 
(i.e., predominant LH response over FSH response or 
peak LH >5 IU/L by ICMA and > 8 by IFMA) is more 
consistent with CDGP.  In primary ovarian failure in 
which the gonadotropin levels are only mildly elevated, a 
GnRH agonist stimulation will reveal partial gonadal 
failure.

A variety of hormone stimulation protocols exist, but 
an often used one is leuprolide acetate injection 20mcg/kg 
(maximum 500mcg) administered subcutaneously. Draw 
blood levels for FSH, LH, and estradiol/testosterone. 
Some institutions use blood draws at 0 hour, 30 minutes, 
and 60 minutes. At our institution, blood is sampled at 
0 hour, 4 hours, and 24 hours. If the HPG axis is acti-
vated, a two- to threefold rise in FSH and LH is observed 
with maximal pituitary response of LH >5 IU/L at 4 hours 
and maximal gonadal response of estradiol (E2) of 
>150  pmol/L (>40.86  pg/ml) and testosterone 
>3.15 nmol/L (>90 ng/dl) [64–66].

 2. Human chorionic gonadotropin (hCG) stimulation test: 
Likewise, there are disparate protocols for this test [67–
71]. The protocol commonly used in our institution is 
hCG administered intra-muscularly at a dose of 
3000  IU/m2 once a day for 3  days. Baseline LH, FSH, 
testosterone, as well as blood sampling for testosterone 
need to be drawn 24 hours after the third injection. An 
absolute serum testosterone concentration on day 4 of 
≥150 ng/dl is normal and ≤ 50 ng/dl in HH.

 3. Growth hormone stimulation testing: In subjects with 
short stature, delayed puberty, poor growth velocity, and 
delayed bone age, evaluation of serum IGF1 and provoca-
tive growth hormone testing will be helpful to assess 
growth hormone deficiency. If there is significant short 
stature to warrant provocative growth hormone testing, 
sex steroid priming with estrogen/testosterone is recom-
mended necessarily as this may restore the physiologic 
depressed growth hormone secretion associated with low 
estrogen levels [1].

Table 17.2 Diagnostic evaluation of delayed puberty

History
Physical exam (height, BMI, Tanner staging, known stigmata)
Bone age
Baseline LH, FSH, testosterone (boys), estradiol (girls)
TSH, free T4
Hypogonadotropic hypogonadism Hypergonadotropic hypogonadism Eugonadotropic hypogonadism
Serum inhibin B
Pituitary hormones
Prolactin
LHRH agonist test
HCG stimulation test
MRI
Genetic test

Karyotype/CGH
Pelvic ultrasound
Serum inhibin B

Pelvic ultrasound
Serum prolactin
17-OH progesterone
Free testosterone
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 Present and Future Therapies

Inadequate gonadal steroid secretion is the fundamental 
basis of delayed puberty.

Therapeutic goals are to develop secondary sex character-
istics, to amass and sustain normal bone development, to 
maximize final height, and to restore fertility. Treatment of 
delayed puberty is variable and depends on diagnosis.

Observation Most cases of temporary hypogonadism and 
EH do not require hormonal treatment to induce puberty. 
With GDGP, observation and “watchful waiting” are gener-
ally adequate, but short-term hormone therapy to “jump 
start” puberty is sometimes justified to prevent significant 
psychological distress, initiate a growth spurt, and/ or acti-
vate the HPG axis.

In functional HH related to exercise, eating disorder, or 
chronic illness, the treatment is to improve overall health 
and nutrition. In regard to disorders of sex development, 
there is significant controversy surrounding the appropriate 
time for cosmetic surgery, gonadectomy, and HRT – current 
recommendations are complex and beyond the scope of this 
review [58].

Hormone replacement therapy (HRT) Permanent HH 
and HHG generally require sex steroid HRT to induce 
puberty and maintain physiologic hormone levels. 
Replacement of other pituitary hormones is also frequently 
required, especially in the case of MPHD. When using HRT 
to induce puberty, there are several important considerations. 
Initiation of therapy must be timed appropriately to balance 
the benefits of developing according to population and phys-
iologic norms with risk of premature epiphyseal closure and 
attenuated final adult height. Studies on boys with CDGP 
and girls with TS have shown that initiation of hormone ther-
apy at very low doses after around 14 years of age in boys or 
12 years in girls has no significant negative impact on final 
adult height while simultaneously promoting a natural emer-
gence in the development of secondary sex characteristics 
[72–75]. In girls with any type of hypogonadism, HRT is the 
best treatment option as this will result in adequate develop-
ment of secondary sex characteristics as well as that of the 
uterus.

Estrogen therapy to induce female puberty is typically 
initiated with transdermal preparations of 17β-estradiol 
given the very low doses of hormone replacement that is 
required. Typically treatment starts with using half of the 
lowest dose patch with 3.1–6.2 μg daily (1/8–1/4 of the 25 μg 
patch) and increased gradually by 3.1–6.2  μg daily every 
6 months [1] over the next 2 years to an adult dose of 100–
200ug daily to mimic physiologic levels seen in puberty. 
Estradiol (E2) levels can be monitored to ensure appropriate 

dosing. On the other hand, HRT that is provided too rapidly 
tends to promote unnatural development, including breast 
growth that occurs disproportionately in the nipple and are-
ola [76]. Once full E2 dosing is reached and breast matura-
tion is almost complete, cyclic oral progesterone at normal 
adult dose is added every 1–3 months to induce menstrua-
tion, a necessity to decrease the risk of uterine cancer. Once 
menstruation has been established, contraception prepara-
tions can be used for HRT depending on patient preference 
[77]. In cases of HH in which permanent hypogonadism has 
not been confirmed, brief trials off HRT can be attempted 
once regular cycles occur in order to assess for activation of 
the HPG axis. If transdermal preparations are unavailable, 
HRT may be initiated with conjugated estrogens (Premarin®) 
0.1625  mg daily, increase every 3–6  months to 0.325  mg 
daily or ethinylestradiol 2  μg daily and increase every 
3–6 months up to 10 μg daily.

Initial therapy is with estrogen alone to maximize breast 
growth and to induce uterine and endometrial proliferation. 
Adding a progestin prematurely or administering combina-
tions of estrogens and progestins early on may reduce ulti-
mate breast size. Progestin is added to mimic the normal 
menstrual cycle after breast growth ceases (when full con-
tour breast growth plateaus) or menses occur. Once menstru-
ation established with cyclic hormone treatment, discontinue 
intermittently for 1–3-month periods to determine if sponta-
neous menstruation occurs (in girls with CD and FHH). In 
permanent hypogonadism, OCP should be continued till the 
average age of menopause, ~50 years.

Testosterone therapy to initiate male puberty is generally 
started at 50 mg of depot testosterone as intramuscular injec-
tion once monthly for 3–6  months [1]. This will result in 
pubertal activation in CDG P [38]. If testes do not grow and 
reach a volume of 4 ml within 1 year of treatment, it is highly 
likely that the patient will not develop puberty spontaneously 
(most likely, not CGDP). In that scenario, treatment may be 
discontinued for 3 months, and HPG axis activation may be 
re-evaluated. Subsequently, testosterone is increased to 
100  mg per month with 25–50  mg increment in dose for 
approximately 18 months to complete the growth spurt (dos-
ing should increase gradually to mimic physiologic puberty 
and prevent accelerated bone maturation). After growth is 
complete, further increase in dose can be made to 100 mg 
twice monthly. Testosterone levels and, in the case of hyper-
gonadotropic hypogonadism, LH levels should be monitored 
and used to adjust dose up to a maximum adult dose of 
200 mg twice monthly as needed to achieve serum concen-
trations in the normal range. Thereafter, the increment of tes-
tosterone is 250 mg, every 3–4 weeks. It has to be kept in 
mind that HRT in males only result in virilization without 
testicular development. Oral testosterone preparations 
 provide less consistent serum testosterone levels, and there is 
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a risk for hepatic damage or carcinogenesis. Testosterone 
topical products, nasal spray, and gels, frequently used in 
adults, are not well studied in children.

Pulsatile GnRH or gonadotropin therapy Patients with 
permanent hypogonadism can occasionally achieve fertility 
through treatment with gonadotropin or GnRH-based thera-
pies and should be referred to reproductive endocrinology as 
needed. When fertility is desired, treat with either exogenous 
gonadotropins or pulsatile GnRH. Pulsatile administration of 
exogenous GnRH is effective therapy for stimulation of 
endogenous gonadotropin secretion, follicular development, 
and ovulation in women with GnRH deficiency. Mutations in 
the GPR54 (encoding the kisspeptin receptor, also known as 
KISS1R) reportedly can be corrected by the administration 
of GnRH [5, 36]. In male hypogonadotropic hypogonadism, 
GnRH treatment will promote a physiologic puberty with 
testicular development, virilization, and spermatogenesis. 
When spermatogenesis is achieved, maintenance therapy 
consists of subcutaneous hCG injections once or twice a 
week [15].

Human chorionic gonadotropin (hCG) HCG has been 
used to treat subjects with permanent HH. A typical starting 
dose of 500 IU is administered subcutaneously on Mondays, 
Wednesdays, and Fridays. Dilute the 10,000-unit vial of 
powder with 5 mL of diluent for a 2000 unit/mL concentra-
tion. Obtain serum testosterone measurement in 1 month on 
a Monday prior to an injection. If the testosterone is <200 ng/
dL, increase the dose to 1000 units subcutaneously, up to a 
maximum dose of 1500 IU (on M-W-F) and repeat a “trough” 
testosterone in another month. The hCG treatment will result 
in testicular enlargement, testosterone production, Sertoli 
cell maturation, and spermatogenesis and thus offers better 
chances of future fertility.

Leptin has been used in the management of amenorrhea 
in adults, but there is no pediatric data available. Other treat-
ment options such as combination of hMG/hCG or recombi-
nant FSH/hCG [15] that are used in the management of 
hypogonadotropic males for fertility are beyond the scope of 
this chapter.

 Future Therapies

Although current treatment of delayed puberty centers 
revolves around replacement of sex steroid hormones, 
advances in the identification of genetic mutations that 
underlie HH promise to increase our understanding of the 
physiology behind pubertal initiation [78]. This information 
could result in the development of improved targeted thera-
pies and allow for normal pubertal progression. A potential 

future therapeutic agent for treatment of delayed puberty is 
agonists of kisspeptin peptides and neurokinin B agonists. In 
boys with CDGP and short stature, a potential therapeutic 
approach is aromatase inhibition, which may increase the 
final adult height [1, 79]. The treatments targeted to preserve 
future fertility such as cryopreservation of ovarian fragments 
prior to anticipated ovarian failure secondary to gonadotoxic 
treatment [10] and pulsatile hCG treatment for HH are not 
discussed in this chapter.
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Precocious Puberty

Elizabeth Fudge

 Introduction

Puberty is the stage of development leading to sexual matu-
ration and reproductive potential. Normal puberty is regu-
lated by the hypothalamic–pituitary–gonadal (HPG) axis 
which is activated at the onset of puberty from the quiescent 
prepubertal state. Precocious puberty is the onset of pubertal 
changes at an earlier age than is expected for the population. 
Precocious pubertal development may occur by either pre-
mature activation of the HPG axis (central precocious 
puberty) or exposure to endogenous or exogenous sex ste-
roids independent of HPG axis activation (peripheral preco-
cious puberty). Although some children evaluated for 
precocious puberty will have variants of normal develop-
ment such as premature thelarche (breast development), 
pathologic causes will need to be ruled out in others [1].

 Hypothalamic–Pituitary–Gonadal Axis

At the onset of puberty, the hypothalamus increases 
gonadotropin- releasing hormone (GnRH) secretion which 
stimulates the anterior pituitary to produce luteinizing hor-
mone (LH) and follicle-stimulating hormone (FSH). LH and 
FSH enter the systemic circulation and increase sex steroid 
production by the ovaries and testes. The primary sex steroid 
produced by the ovary is estradiol which promotes breast and 
reproductive system maturation in females. Estradiol, along 
with the inhibin and follistatin molecules produced by the 
ovary (follistatin is produced in other tissues as well), has a 
negative feedback effect on hypothalamic GnRH and pitu-
itary gonadotropin release. In the testis, LH stimulates pro-
duction of testosterone (and estradiol to a lesser extent) from 
Leydig cells, while FSH stimulates Sertoli cells to produce 

the inhibin peptides and to mature into cells capable of sup-
porting spermatozoa through the stages of spermatogenesis. 
Testosterone is responsible for growth of sexual hair, apo-
crine gland maturation, and increase in somatic (especially 
muscle) growth during puberty. Testosterone also stimulates 
longitudinal bone growth and promotes osseous maturation 
by aromatization to estradiol. Both testosterone and inhibins 
exert feedback inhibition on the hypothalamic–pituitary–
gonadal (HPG) axis in males [2, 3] (Fig. 18.1).

The HPG axis matures during fetal life, with gonadotro-
pin release persisting into infancy. Peaks in gonadotropin 
and sex steroid levels occur between 6 and 8 weeks of life 
with levels comparable to those in early to mid-puberty. 
Generally, peripheral effects of these sex steroids do not 
occur during this “mini-puberty,” possibly due to the tran-
sient nature of the sex steroid increase. Gonadotropin levels 
reach a nadir at 6 months of life, although females may retain 
variable degrees of GnRH release during the first few years 
of life. The activation of HPG axis early in life is followed by 
a long period of quiescence through the prepubertal years 
when hypothalamic activity is suppressed. During the child-
hood years, GnRH is released in low amplitude pulses at a 
low frequency. During this time, the pituitary gland remains 
responsive to GnRH stimulation, with a characteristic 
response of greater FSH release than that of LH.

At the onset of puberty, the hypothalamus is reactivated, 
with enhanced, pulsatile GnRH secretion. The mechanisms 
that control pubertal onset and increase in GnRH secretion 
involve a balance between inhibitory and stimulatory neu-
rotransmitters of the central nervous system. The earliest 
identified neuroendocrine change of puberty is the produc-
tion of kisspeptin from hypothalamic neurons in the arcuate 
nucleus and anteroventral periventricular area. Kisspeptin is 
known to promote GnRH secretion. Neurokinin B and dyn-
orphin are coproduced from kisspeptin-producing hypotha-
lamic neurons and appear to have local stimulatory and 
inhibitory effects respectively on kisspeptin release. In addi-
tion, the onset of puberty is influenced by energy status of an 
individual: leptin and ghrelin which reflect energy stores 
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modulate kisspeptin secretion. Hypothalamic astrocytes and 
other neuroglial cells are postulated to regulate puberty by 
the secretion of growth factors which act on GnRH neurons 
as well as by direct apposition to GnRH neurons modulating 
GnRH release.

In early puberty, GnRH pulse frequency and amplitude 
increase primarily at night and extend into daytime hours as 
puberty progresses. LH and FSH production increases in 
response to GnRH, initially rising during the night and then 
during the day with pubertal advancement [4–9].

 Normal Puberty

 Girls

The increase in sex steroids from the gonad, as well as adre-
nal androgens, is responsible for the physical changes of 
puberty. In girls, estradiol stimulates the onset and progres-
sion of breast maturity, genital growth (elongation of the 
vulva and growth of the labia minora), maturation of vaginal 
mucosa, uterine growth, and changes in body composition, 
mainly accumulation and localization of fat. Breast budding, 
or thelarche, is often the first sign of puberty in females. 
However, one-third of girls may experience pubic hair devel-
opment, pubarche, before thelarche. Progression of breast 
development and pubic hair growth may be classified into 
Tanner stages (Table  18.1). A substantial number of girls 
may not progress to Tanner stage 5 breast development and 
have persistent Tanner stage 4 breast development through-
out adulthood [10].

The adolescent growth spurt is seen early in puberty in 
girls, driven by the increase in estrogen and the augmenta-
tion of growth hormone release by sex steroids. Menarche 
occurs approximately 2 years after the onset of puberty. Age 
at menarche correlates positively with skeletal maturity and 

inversely with the remaining height potential. The average 
girl will gain an additional 4–6 cm after menarche. The dura-
tion of puberty is on average 3–4 years, although the tempo 
of puberty can vary as widely as 2–7  years between 
individuals.

The historical ranges of normal pubertal timing were 
based on the data of Tanner and Marshall from the 1960s. In 
these observational studies of primarily middle-class 
Caucasian children, 95% of girls experienced breast devel-
opment between ages 8.5 and 13 years, with an average age 
of 11.2 years. Black girls have been found to enter puberty 
earlier than girls of other ethnic groups, followed by 
Mexican-American girls, and then white girls [11, 12].

Other data on pubertal timing further support racial dif-
ferences in the age of onset. These studies show that the early 
age limit and mean of Tanner stage 2 breast development for 
white girls is 8.0 and 10.4 years, for black girls is 6.6 and 
9.5  years, and for Mexican-American girls is 6.8 and 
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Table 18.1 Pubertal stages in females

Tanner 
stage Pubic hair Breast Growth rate
1 No pubic hair Papilla elevation; 

prepubertal
5–6 cm/year

2 Sparse, pigmented 
hair primarily on 
labia

Palpable breast 
buds; enlargement 
of areola

7–8 cm/year

3 Coarser, darker 
hair spread over 
Mons pubis

Areola and breast 
enlargement; no 
projection of areola

Peak growth rate 
at 8 cm/year

4 Adult hair type 
but smaller area, 
not spreading to 
thighs

Projection of areola 
and papilla to form 
secondary mound

7 cm/year

5 Adult hair type 
and distribution

Mature breast 
development with 
projection of papilla 
only

Linear growth 
complete after 
epiphyseal 
closure
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9.8  years. The duration between pubertal onset and men-
arche was found to be approximately 2.3 years in these stud-
ies, with median age of menarche of 12.06  years in black 
girls, 12.25 years in Mexican-American girls, and 12.55 years 
in white girls [11–18].

 Boys

Testicular enlargement is the first sign of normal puberty in 
boys, with pubic hair growth often occurring around this 
time. A testicular volume ≥ 3 ml, or a longitudinal axis of 
≥2.2 cm, is indicative of puberty. Axillary hair growth begins 
at mid-puberty, and hair growth in androgen-sensitive areas 
progresses. Male puberty can be classified according to 
Tanner stages of genital development and pubic hair 
(Table 18.2).

Peak growth velocity in boys occurs in mid-puberty with 
increasing testosterone production. Males experience an 
increase in lean body mass and a relative decline in body fat 
during this time. Estradiol levels increase during mid-puberty 
as the result of conversion of increasing levels of testoster-
one, potentiating growth and skeletal maturation. 
Spermarche, which is the onset of sperm production, occurs 
at an average age of 14 years [19].

The median age of development of Tanner stage 2 pubic 
hair is 11.2 years in black boys, 12.0 years in white boys, and 
12.3 years in Mexican-American boys based on NHANES 
III data. In the earlier reports from Marshall and Tanner, 95% 
of boys entered puberty between 9.5 and 13.5 years with an 

average of 11.6  years. The average duration of puberty in 
boys is 3 years [20–22].

 Precocious Puberty

 Definition

Pubertal development at a younger age than expected for 
gender and population is considered precocious. The fea-
tures include progression of pubertal signs, linear growth 
acceleration, and advancement of skeletal maturity. 
Classically, pubertal onset before the age of 8 in girls and age 
of 9 in boys has been defined as precocious. However, racial 
differences in the timing of pubertal onset must be taken into 
consideration.

The lower age limit for defining precocious pubertal onset 
in girls has been controversial. Some experts suggest that the 
lower age cutoff should be 6 years for black girls and 7 years 
for white girls, with individuals older than these limits evalu-
ated only if they meet certain criteria: significant skeletal 
advancement, predicted adult height  <  2SD below genetic 
target, features suspicious of a central nervous system (CNS) 
lesion, rapid tempo of puberty, or psychosocial concerns. 
These recommendations have not been universally endorsed 
due to concerns that the lower age cutoff would fail to iden-
tify pathology in some individuals. For example, a retrospec-
tive review of patients referred for precocious puberty to a 
tertiary care center found that application of these lower age 
limits would have resulted in failure to identify treatable eti-
ologies (such as congenital adrenal hyperplasia, pituitary 
adenoma, and neurofibromatosis) in 12% of patients [23].

Until more data are available, careful evaluation of chil-
dren with signs of secondary sexual development is war-
ranted for girls younger than 8 years and boys younger than 
9  years. A comprehensive history and physical exam with 
clinical follow-up may be sufficient in those individuals 
between the lower and upper suggested age cutoffs whose 
evaluations indicate slow progression that do not raise con-
cerns for underlying pathology [24].

 Normal Variants

Premature Thelarche: When evaluating children referred for 
precocious puberty, normal variants must be considered. For 
instance, premature thelarche is isolated breast development 
in girls without other signs suggestive of true puberty. 
Premature thelarche often occurs within the first 2 years of 
life, with a second peak between the ages of 6 and 8 years. 
Breast development in these patients is minimal or nonpro-
gressive and is not associated with linear growth accelera-
tion, skeletal age advancement, or other signs of puberty. In 

Table 18.2 Pubertal stages in males

Tanner 
stage

Genital changes; pubic 
hair Growth rate Other changes

1 No pigmented hair; penis 
size prepubertal; testes 
<4 ml

5–6 cm/year

2 Sparse pubic hair at base 
of penis; early penile and 
scrotal growth; testes 
4–8 ml

5–6 cm/year Early voice 
changes; 
scrotal thinning

3 Coarse, dark hair over 
pubis; increasing penile 
length and width; testes 
10–15 ml

Increase 
growth rate to 
7–8 cm/year

Voice breaks; 
light hair on 
upper lip; 
muscle mass 
increasing

4 Increasing pubic hair but 
less than adult 
distribution; increasing 
pigmentation of scrotum; 
increase in penile size; 
testes 15–20 ml

Peak growth 
velocity 
10 cm/year

Voice changes; 
axillary hair

5 Adult distribution of 
pubic hair; adult size and 
shape of penis; testes 
>20 ml

Linear growth 
complete after 
epiphyseal 
closure

Beard growth; 
mature male 
physique
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most cases, there is no underlying pathology, although some 
instances have been associated with the use of cosmetic or 
hair products containing lavender oil, tea tree oil, or placen-
tal extracts. Clinical follow-up is warranted in these individ-
uals to monitor for pubertal progression as some may 
progress to true central precocious puberty [25–28].

Premature Adrenarche: Adrenarche is the component of 
puberty that is not dependent on the HPG axis and may, 
therefore, vary in time of onset in relation to HPG activation. 
Adrenarche results when the adrenal cortex matures and 
increases production of androgens, including 
 dehydroepiandrosterone (DHEA), dehydroepiandrosterone-
sulfate (DHEA-S), and androstenedione. These androgens 
are responsible for some of the physical changes of puberty 
such as acne, growth of sexual hair, and body odor from the 
development of apocrine glands. The appearance of these 
physical signs is referred to as pubarche. Adrenarche usually 
occurs just before or around the onset of puberty.

Adrenarche before the age of 8  years in females and 
9 years in males is referred to as premature. The factors ini-
tiating premature adrenarche are not clearly understood. 
Children with benign premature adrenarche have features 
that are non- or slowly progressive. In addition, these chil-
dren do not have growth acceleration, substantial bone age 
advancement, or other signs of true puberty such as breast 
development or testicular enlargement. Levels of DHEA, 
DHEA-S, and androstenedione are often mild to moderately 
elevated and consistent with Tanner stage of pubic hair. A 
small percentage of individuals with premature adrenarche 
may have a pathological cause such as central precocious 
puberty, nonclassical congenital adrenal hyperplasia, or 
androgen-producing tumor. Therefore, thorough clinical 
evaluation and follow-up are warranted in this group of 
patients. In addition, premature adrenarche has been associ-
ated with insulin resistance and polycystic ovarian syndrome 
later in life [29–33].

 Differential Diagnosis

Precocious puberty may occur either by premature activation 
of the HPG axis which is termed central, or GnRH-dependent 
precocious puberty (GDPP), or by sex steroid exposure that 
is independent of hypothalamic–pituitary control, termed 
peripheral, or GnRH-independent precocious puberty 
(GIPP). The differential diagnosis is outlined in Table 18.3.

 Gonadotropin-Dependent Precocious Puberty

In GDPP, there is premature maturation of the HPG axis, 
with pubertal changes resulting from centrally mediated sex 
steroid production. The cause of the early onset of HPG acti-

vation may be congenital or acquired CNS abnormalities 
(e.g., hypothalamic hamartoma, astrocytoma, granulomatous 
disease, trauma). GDPP may also be idiopathic, which is 
estimated to occur 10–20 times more commonly in females 
compared to males. In addition, chronic exposure to sex ste-
roids such as with untreated congenital adrenal hyperplasia 
may accelerate hypothalamic maturation and HPG activation 
resulting in GDPP.

In GDPP, the timing and sequence of pubertal events 
evolve in a normal pattern. The clinical signs are those of 
normal puberty including development of secondary sexual 
characteristics, linear growth acceleration, skeletal age 
advancement, and pubertal levels of sex steroids and 
gonadotropins.

 Gonadotropin-Independent Precocious 
Puberty

In GIPP, pubertal changes are induced by sex steroids from 
exogenous sources or from endogenous production that is 
not directed by hypothalamic GnRH secretion. Endogenous 
production of steroids may be derived from either gonadal or 
non-gonadal tissue. For example, precocious puberty may 
develop in individuals with elevated levels of adrenal andro-
gens such as with congenital adrenal hyperplasia or adrenal 
tumors. Ovarian and testicular tumors secreting sex steroids 
may cause early pubertal development. In addition, tumors 
such as choriocarcinomas or hepatoblastomas can produce 
gonadotropins and cause GIPP. Gonadotropin receptors may 
be activated independently of gonadotropin activity, as in LH 
receptor-activating mutations. For instance, McCune–
Albright syndrome (MAS) involves constitutive activation of 
G protein-coupled receptor signaling through Gs protein; the 
receptors for LH, FSH, TSH, GHRH, PTH, ACTH, and MSH 
function by this mechanism, and activation of these receptors 
can result in a variable number of endocrinopathies includ-
ing precocious pubertal development. A more specific form 
of GIPP is seen in boys with dominantly transmitted sex- 
limited activation of the LH receptor at a young age. Rarely, 
long-standing untreated primary hypothyroidism may result 
in GIPP, thought to be due to chronically elevated TSH levels 
stimulating structurally similar LH receptors, known as the 
Van Wyk–Grumbach syndrome [34–37].

 Key Points to the Diagnosis

Which Children with Early Pubertal Development Should 
Be Evaluated?

In general, females younger than 8  years and males 
younger than 9 years with pubertal signs should be evalu-
ated. Younger age heightens the concern for a pathological 
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Table 18.3 Differential diagnosis of precocious puberty

Category Presentation Diagnosis Treatment
GnRH dependent (central)
Idiopathic Pubertal changes in normal 

sequence, although may be more 
rapidly progressive
Female-male >10:1

Pubertal gonadotropins and sex 
steroids, either basal or stimulated
Skeletal age advanced

GnRH agonist

CNS abnormalities
   Tumors
    Hypothalamic hamartomas
    Craniopharyngeomas
    Optic gliomas (may be 

associated with 
neurofibromatosis)

   Structural abnormalities
    Septo-optic dysplasia
    Hydrocephalus
    Arachnoid cysts
    Intracranial abscesses
   Other causes
    Granulomatous disease
    Infiltrative disease
    Trauma
    Surgery
    Radiation

Features of pubertal development 
similar to idiopathic
Clinical symptoms or signs of 
underlying
CNS abnormality

Similar to idiopathic
Imaging (MRI or CT) showing CNS 
lesion in cases of tumor or structural 
abnormality

Therapy aimed at underlying 
lesion
GnRH agonist in cases of 
hypothalamic hamartoma and 
some
CNS lesions

Chronic exposure to sex steroids 
with advanced maturation

Initial development out of sequence 
and/or progresses rapidly due to 
peripheral cause
HPG activation results in onset of 
true puberty with features similar to 
idiopathic

Similar to idiopathic
Laboratory findings consistent with 
underlying peripheral etiology (e.g., 
CAH)

Treatment of underlying 
disorder
GnRH agonist required in 
most cases

GnRH independent (peripheral)
General features Isosexual or contrasexual pubertal 

changes which may progress 
rapidly and/or out of normal 
sequence

Adrenal tumors
   Adenoma
   Carcinoma

Virilization in girls, and precocious 
sexual development in boys
Gonads prepubertal

Elevated adrenal androgens such as 
DHEA, DHEA-S, androstenedione
Other adrenocortical hormones such 
as cortisol may be elevated
Imaging revealing adrenal tumor

Therapy directed at tumor 
including surgery and 
possibly chemotherapy

Ovarian tumors
   Carcinoma
   Gonadoblastoma
   Granulosa cell
   Theca cell

Rapid pubertal progression in girls; 
feminization in boys

Elevated estradiol
Prepubertal gonadotropins
CT or ultrasound showing ovarian 
tumor

Tumor resection

Testicular tumors
   Leydig cell

Virilization in girls, and precocious 
sexual development in boys
Asymmetrical testes in boys

Elevated testosterone
Prepubertal gonadotropins
CT or ultrasound showing testicular 
tumor

Tumor resection

Gonadotropin or hCG producing
   Choriocarcinoma
   Dysgerminoma
   Hepatoblastoma
   Teratoma

Pubertal development with 
testicular enlargement in males
Rare in females; associated with 
isosexual pubertal development

Elevated LH, FSH, or β-hCG
Elevated sex steroids
Evidence of tumor on imaging

Tumor resection
Chemotherapy and radiation 
in some cases

Congenital adrenal hyperplasia
   Classical
   Nonclassical

Premature pubarche and rapid 
growth
Virilization in females
Gonads prepubertal
May lead to central precocious 
puberty

Elevated 17-OH progesterone and 
other adrenal precursors either 
basally or in response to ACTH 
stimulation

Glucocorticoid and 
mineralocorticoid 
replacement

(continued)
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etiology and warrants a more extensive evaluation. In those 
children who are approaching the lower age limit, a careful 
history, physical examination, and bone age determination 
may be sufficient if no other concerns arise during the initial 
evaluation.

Are the Pubertal Changes Progressive? If so, What Are 
the Sequence and Tempo of Changes?

Precocious puberty is associated with progressive puber-
tal changes which can be differentiated from normal variants 
such as benign premature thelarche in which pubertal signs 
are non- or minimally progressive. Precocious puberty is 
associated with advancement of skeletal maturity and linear 
growth acceleration, features which are not seen in normal 
variants of development.

In GDPP, pubertal changes occur in a normal sequence 
with a tempo similar to normal puberty. On the other hand, 
children who have GIPP are more likely to have features of 
puberty outside of the normal sequence and with aberrant 
timing. For example, a young boy with development of sex-
ual hair and virilizing features without testicular enlarge-
ment is likely to have a peripheral source of androgen 
production such as an adrenal tumor. Furthermore, children 
who have a normal sequence of pubertal changes, but have 
rapid tempo of changes, are more likely to have GIPP. For 
instance, a young girl with breast development who pro-
gresses to menarche within 12  months is likely to have a 
peripheral source of estrogen production such as an ovarian 
tumor.

Are the Pubertal Signs Suggestive of the Source of Sex 
Steroids?

Elevated estradiol levels will result in signs of puberty in 
girls but will lead to feminization in males, with gynecomas-
tia. Conversely, elevated androgen levels in females will lead 
to signs of virilization including hirsutism, acne, and clitoro-
megaly, but signs of puberty in males. Therefore, isolated 

virilization in females suggests a peripheral etiology and 
excludes GDPP. Feminization in males also excludes a cen-
tral etiology and most testicular etiologies with the exception 
of rare testicular tumors such as a feminizing Sertoli cell 
tumor.

Does the Patient Have Features of an Underlying 
Disorder?

• Neurological signs such as changes in gait or vision, or 
symptoms of pituitary hormone deficiencies such as dia-
betes insipidus or growth hormone deficiency, raise suspi-
cion for CNS abnormalities.

• MAS should be considered if there are café au lait spots, 
bone deformities on the face or long bones, or accelerated 
growth. In addition, patients with MAS often develop 
pubertal signs that are outside of the normal sequence. 
For example, menstrual bleeding often precedes breast 
development in girls with this disorder and may occur as 
early as 4–6 months of age.

• Neurofibromatosis type 1 (NF1) may be associated with 
GDPP, usually but not exclusively in those with optic 
pathway gliomas. Primary features of NF1 are café au lait 
macules, axillary freckling, neurofibromas, optic nerve 
gliomas, and hamartomas of the iris (Lisch nodules).

• Signs of precocious puberty with absent linear growth are 
suggestive of primary hypothyroidism, although this is 
extremely rare with only approximately 12 reported cases 
in the literature [38].

• In patients with primary adrenal failure with precocious 
puberty, a DAX-1 (dosage-sensitive sex reversal, adrenal 
hypoplasia critical region, on chromosome X, gene 1) 
mutation should be considered. Rarely, patients with 
adrenal hypoplasia congenital (AHC) due to DAX-1 
mutation may develop GDPP; these individuals may have 
primary adrenal failure during infancy. DAX-1 mutations 

Table 18.3 (continued)

Category Presentation Diagnosis Treatment
Male-limited familial precocious 
puberty (testotoxicosis)

Occurs in males
Virilization and rapid growth early 
in life
Testicular enlargement

Pubertal testosterone levels
Prepubertal gonadotropins

Ketoconazole
Aromatase inhibitors
Antiandrogens

McCune–Albright syndrome Isosexual development that occurs 
in unusual sequence
Affects girls more commonly than 
boys
Polyostotic fibrous dysplasia
Café au lait lesions
Other endocrinopathies

Pubertal sex steroid levels
Pelvic ultrasound in females may 
show ovarian cysts
GNAS1 mutation in samples from 
affected tissue

Tamoxifen
Aromatase inhibitors
GnRHa if central precocious 
puberty develops

Primary hypothyroidism Isosexual pubertal changes 
associated with lack of expected 
growth acceleration
Gonadal enlargement

Elevated TSH and low thyroxine 
level
Gonadotropins prepubertal

Thyroid hormone 
replacement

Exogenous exposure to sex 
steroids

Various presentations depending 
upon substance

Variable; some compounds 
measurable in serum
Gonadotropins prepubertal

Identify and remove exposure 
to compound
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may also be associated with Duchenne muscular dystro-
phy and glycerol kinase deficiency due to a contiguous 
gene deletion syndrome.

 Evaluation

 Medical History

Pertinent history includes the age of onset of pubertal signs 
and their rate of progression, as well as timing of puberty in 
family members. Growth data are helpful to determine if 
there is growth acceleration. Symptoms of a CNS lesion such 
as headaches or seizures should be sought. Exposure to 
exogenous hormones should be explored; this may be from 
the cosmetic products noted above or contact with a parent’s 
topical testosterone [39, 40].

 Physical Examination

Important anthropometric data include height, weight, and 
height velocity (if possible). A thorough neurological exami-
nation including visual fields and fundoscopic examination 
should be performed to evaluate for a CNS lesion. Careful 
examination of the skin may provide clues to the diagnosis, 
for example, café au lait macules suggest MAS or NF1.

Pubertal signs should be assessed to determine Tanner 
stage. In girls, the diameter of glandular breast tissue and 
areola should be measured. Examination of the genitalia for 
signs of maturation may be helpful. In addition to the labial 
and vulvar changes noted above, an increase in clear mucous 
secretions and changes in vaginal mucosa from a thin, red 
mucosa to a thickened, pink-appearing mucosa are seen in 
girls with puberty.

In boys, testicular size and pubertal staging should be 
determined. Testicular volume  ≥  3  cc or longitudinal 
axis ≥ 2.2 cm suggests gonadotropin stimulation and likely 
GDPP. In a male with pubertal signs, but without testicular 
enlargement, a peripheral source of sex steroids should be 
sought. For instance, boys with constitutive activation of the 
LH receptor in the testis have relatively small testes for their 
degree of sexual maturation. If significant asymmetry of the 
testes is present, a testicular tumor such as a Leydig cell 
tumor should be considered; some asymmetry, however, is 
common.

 Imaging Studies

A bone age film to determine skeletal maturity should be 
obtained in children with early pubertal development, recog-

nizing the subjectivity and normal variation of this test. 
Significant skeletal advancement is present in GDPP, along 
with other signs such as growth acceleration and pubertal 
findings on physical examination. In individuals with signs 
of puberty which are progressive without bone age advance-
ment, a peripheral source should be sought; more rapid 
increases in sex steroid levels can occur with GIPP compared 
to GDPP, and ossification of the growth centers lags behind 
sex hormone stimulation by some 6  months. In addition, 
those with normal variants of puberty such as premature 
adrenarche have skeletal age that is normal or slightly 
advanced and pubertal signs that are nonprogressive.

Pelvic ultrasonography in girls to assess ovarian and uter-
ine volumes can be useful in establishing whether an indi-
vidual is pubertal and for monitoring the progress of puberty. 
In cases of GIPP, abdominal-pelvic ultrasound should be 
performed to evaluate for an ovarian tumor or cyst. In addi-
tion, a testicular ultrasound study may be indicated in boys 
with GIPP to evaluate for a testicular mass [41].

Imaging of the CNS with magnetic resonance imaging 
(MRI) is indicated in most children with GDPP to evaluate 
for an intracranial lesion. There has been conflicting data 
about whether MRI should be performed in low-risk catego-
ries such as girls over the age of 6  years with GDPP.  For 
example, one series reported no CNS abnormalities found in 
a group of females with the onset of GDPP after 6 years of 
age with estradiol levels <12 pg/ml. However, another report 
found that 15% of girls in this age group had CNS lesions. A 
careful neurological examination, consideration of ethnicity, 
and estradiol levels can be used to determine whether an 
MRI of the brain is indicated in girls older than 6 years with 
GDPP. The vast majority of the brain lesions found in these 
girls are nonprogressive hamartomas that do not require sur-
gical intervention. As idiopathic GDPP is less common in 
boys, an MRI of the brain is warranted in all males due to the 
higher likelihood of identifying intracranial pathology 
[42–44].

 Biochemical Studies

Initial laboratory assessment includes measurement of basal 
hormone levels including LH, FSH, and estradiol in girls and 
testosterone in boys. Basal LH above 0.3  IU/L, estradiol 
level > 20 pg/ml, and testosterone level > 50 ng/dl have been 
used to define GDPP, although these cutoffs depend upon the 
sensitivity of the individual assay. If basal hormone levels 
are consistent with puberty, then dynamic testing is not nec-
essary [45].

As LH is pulsatile and initially elevated nocturnally in 
early puberty, a GnRH stimulation test may be needed to 
diagnose GDPP.  To perform this test, a GnRH analog 
(GnRHa) is given with measurement of LH and FSH levels 
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at baseline and 30–60 min after GnRHa is administered. LH 
response to GnRHa stimulation becomes more pronounced 
than that of FSH with pubertal maturation. A peak LH of >5 
μIU/ml is suggestive of GDPP, while lack of response is 
indicative of either prepuberty or GIPP. FSH response does 
not increase as dramatically as that of LH during pubertal 
development, and LH/FSH ratios may be helpful in deter-
mining pubertal status. A peak LH/peak FSH ratio of >0.66 
has also been used as criterion for diagnosis of GDPP [46].

In patients suspected of having GIPP, biochemical evalu-
ation for peripheral sources of sex steroids should be per-
formed. Serum cortisol, DHEA, DHEA-S, and 
17-hydroxyprogesterone should be measured in addition to 
the aforementioned tests. In boys, serum B-hCG can be mea-
sured for the possibility of a tumor-secreting hCG [47–49].

 Present and Future Therapies

Treatment of precocious puberty depends upon whether or 
not the process is gonadotropin mediated. In GDPP, therapy 
is aimed at decreasing pulsatile GnRH release from the 
hypothalamus and, therefore, pituitary production of gonad-
otropins. In GIPP, treatment is directed at the underlying eti-
ology of sex steroid production which may involve the 
gonads, adrenal glands, or exogenous sources.

 Treatment of Gonadotropin-Dependent 
Precocious Puberty

As noted previously, GDPP may be idiopathic in nature or be 
associated with a CNS lesion. Children who have CNS 
lesions should undergo appropriate surgery, radiation, or 
chemotherapy as indicated. Hypothalamic hamartomas are 
generally not resected because there is significant morbidity 
from damage to the hypothalamus and pituitary function 
associated with surgical intervention. Hypothalamic hamar-
tomas are typically monitored radiologically and rarely 
cause neurological manifestations. Individuals with hypo-
thalamic hamartomas may be treated with GnRHa therapy 
(discussed below) [50].

Precocious sexual development results in accelerated 
skeletal maturation and linear growth rate which may com-
promise adult height due to premature fusion of epiphyses. 
The extent of adult height potential that is lost depends upon 
the age of onset and rate of progression of pubertal changes. 
Younger age and more rapid progression of puberty result in 
greater loss of adult height. In addition, precocious puberty 
may be associated with psychosocial stress due to earlier 
development compared to peers; anxiety, withdrawal, and 
depression may occur in those with early puberty. The deci-

sion to treat a child with early pubertal development depends 
upon both the degree of compromise of adult height and psy-
chosocial factors [51].

GnRHa therapy is the primary treatment for GDPP. GnRH 
agonists act by providing a tonic elevation of GnRH which 
occupies GnRH receptors on the pituitary gland, decreasing 
pituitary responsiveness to GnRH, thereby blunting pulsatile 
gonadotropin release. This continuous GnRH exposure 
restores the prepubertal state of the HPG axis. GnRHa is the 
only effective treatment for GDPP [52].

Patients being considered for GnRHa therapy should have 
pubertal basal or stimulated gonadotropin concentrations, 
progressive pubertal changes, linear growth acceleration, 
and advanced skeletal maturation. Treatment should be con-
sidered for those with compromised adult height prediction 
(relative to genetic height target) and those with significant 
psychosocial concerns from the parents or the child about 
further pubertal development.

Children with the onset of GDPP at a younger age will 
have early epiphyseal fusion and loss of adult height poten-
tial if not treated and will have greatest benefit from therapy. 
Those children who are nearing the age of normal puberty at 
the time of diagnosis or who have slow progression of 
puberty are likely to have less benefit from GnRHa therapy 
and may not require intervention. For instance, girls with 
GDPP who are started on GnRHa therapy before 6 years old 
have an average adult height gain of 9–10  cm, and those 
started on therapy between 6 and 8 years old have average 
height gains of 4–7 cm. Although fewer data are available for 
boys, those starting on GnRHa therapy at an average age of 
7.6 years had a mean height gain of 6.2 cm. Height gains are 
likely to be less in those with more advanced bone ages. 
Because some children with precocious puberty may have 
slow progression of puberty, they may not require medical 
intervention with GnRHa to preserve height potential, espe-
cially in those nearing the age of normal puberty. Monitoring 
patients to assess the tempo of puberty before treatment is 
indicated in those who are not rapidly progressing or who are 
older [53–59].

 GnRHa Dosing and Monitoring

GnRHa are available as depot injections, short-acting injec-
tions, subcutaneous implants, and nasal spray, with the depot 
formulations and subcutaneous implants being the most 
commonly prescribed therapies. The depot formulation, leu-
prolide acetate, is available in either monthly or 3-monthly 
dosing which appear to be comparably effective in suppress-
ing the HPG axis. The implantable form of GnRHa, histrelin, 
is also an effective therapy and may provide HPG suppres-
sion for up to 1 year [60–62].
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The recommended dose of GnRHa therapy is sufficient to 
achieve pubertal suppression in most patients. Patients 
should be examined every 3–6 months, and skeletal maturity 
is determined every 6–12 months. During the first 6 months 
of therapy, skeletal maturation may continue to accelerate at 
the pretreatment rate as a result of ossification of preexisting 
cartilaginous maturation. Adequacy of dosing may be 
 determined by clinical and biochemical parameters. If HPG 
axis suppression is achieved, there will be lack of progres-
sion of pubertal signs such as breast development and tes-
ticular enlargement. Height velocity and rate of bone age 
advancement should decline.

In addition, levels of LH and estradiol (in girls) and tes-
tosterone (in boys) may provide evidence of HPG axis sup-
pression. Two to three months after initiating therapy, LH 
and sex steroid levels may be obtained either just before the 
next dose or at 30–60 min after therapeutic GnRHa dose is 
given. Prepubertal LH and sex steroid levels obtained before 
the next dose generally reflect HPG axis suppression. 
Normative data for LH levels post-therapeutic dose may 
guide whether further investigation is necessary. For instance, 
one study found that an LH level of <2.5 μIU/ml measured 
90 min after GnRHa administration correlated with adequate 
pubertal suppression compared to GnRH stimulation testing. 
Biochemical parameters should be interpreted along with 
other clinical data, as LH and sex steroid levels are not well 
correlated with clinical response to GnRHa therapy. When 
pubertal suppression is not achieved, GnRHa dose should be 
increased with appropriate clinical follow-up to determine 
dose adequacy [63, 64].

The decision to discontinue GnRHa therapy must be indi-
vidualized. In general, therapy is discontinued at an age 
when normal puberty would be occurring. Psychosocial fac-
tors including the child’s preparedness for pubertal progres-
sion and menarche must be considered. Prolonged 
suppression of adolescent development can have a deleteri-
ous effect on accrual of peak bone mass. In some cases, ther-
apy may be continued for a longer time if there are concerns 
about adult height potential, although height gains decrease 
with advancing age.

 Safety

Treatment with GnRHa appears to be safe and without sig-
nificant long-term effects on the HPG axis. The HPG axis is 
reactivated within weeks to months after discontinuation of 
GnRHa therapy, with pubertal gonadotropin levels occurring 
within 6 months after cessation. Most girls experience men-
arche within 18 months of discontinuing GnRHa, and small 
studies show normal testicular function in males after treat-
ment. In addition, gonadal function in adulthood does not 
appear to be affected by GnRHa therapy [65].

Bone mineral density (BMD) may decrease for age 
during treatment with GnRHa due to suppression of sex 
steroids during a critical time of bone mineral accrual. 
Individuals with precocious puberty have greater than 
average BMD for age before therapy and have little 
change in BMD during therapy, yielding a lower than 
average BMD at the end of the treatment. However, as 
puberty resumes after therapy is discontinued, the result-
ing increase in sex steroids normalizes BMD by mid-
puberty. Due to these concerns, adequate intake of calcium 
and vitamin D is encouraged in patients receiving GnRHa 
therapy [66, 67].

Data on adult height gain from GnRHa therapy are vari-
able due to the wide spectrum of ages and degrees of 
advanced bone age when therapy is initiated. Factors associ-
ated with greater gains in adult height are earlier onset of 
puberty, younger age, less advanced skeletal age, longer 
duration of therapy, and initiation of therapy close to the 
onset of puberty. Growth rates and adult height after cessa-
tion of GnRHa therapy are often less than predicted based on 
skeletal maturity and height at the time treatment is discon-
tinued [68–71].

 Treatment of Gonadotropin-Independent 
Precocious Puberty

GIPP treatment is directed at the underlying etiology and 
does not respond to GnRHa therapy. For example, individu-
als with congenital adrenal hyperplasia (CAH) should be 
placed on corticosteroid replacement to decrease production 
of adrenal androgens leading to precocity and bone age 
advancement. Many children with CAH develop GDPP due 
to delayed diagnosis with long-term exposure to sex steroids 
and require GnRHa therapy.

Children with tumors secreting sex steroids or gonadotro-
pins should undergo appropriate surgical or medical treat-
ment for those conditions. Tumors of the gonads and adrenal 
gland are treated by surgery. Adjuvant chemotherapy may be 
necessary with some adrenal tumors depending upon surgi-
cal results, histology, and presence of metastases. Individuals 
with hCG-secreting tumors possibly require surgery, chemo-
therapy, and radiation depending upon the location and his-
tological type of tumor.

In children who have premature development due to 
exogenous exposure to sex steroids, the exposure must be 
identified and removed. A careful history is critical in deter-
mining the exposure. Removal of the offending agent often 
results in regression of pubertal changes.

Precocious sexual development is the most common 
endocrine manifestation in MAS, which is far more common 
in girls than boys. Estrogen and testosterone are produced 
autonomously by the gonads, in girls and boys, respectively. 
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Other endocrinopathies may include overproduction of thy-
roid hormone, growth hormone, and cortisol.

Treatment of GIPP in girls with MAS is targeted at inhib-
iting the aromatization of testosterone to estradiol and at the 
blockade of estrogen receptors. Aromatase inhibitors (such 
as testolactone, letrozole, and anastrozole) reduce ovarian 
estrogen production, decrease menses, and slow the rate of 
skeletal maturation in MAS.  Tamoxifen, an antiestrogen, 
may slow pubertal progression and skeletal maturation, as 
well as reduce the frequency of menses. Some patients with 
MAS develop GDPP and may respond to GnRHa therapy. 
MAS in males is manifested as overproduction of testoster-
one, although males are rarely affected. The treatment of 
males with MAS is similar to that for male-limited preco-
cious puberty (MLPP) outlined below [72–74].

MLPP, or familial testotoxicosis, is an autosomal domi-
nant disorder characterized by GIPP in males due to autono-
mously functioning LH receptors. An activating mutation of 
the LH receptor in Leydig cells results in unregulated testos-
terone production and precocious puberty most commonly 
between the ages of 1 and 4 years. As in MAS, treatment for 
MLPP is directed at inhibiting the production and blocking 
the action of sex steroids. Inhibitors of androgen biosynthe-
sis such as ketoconazole are effective in reducing testoster-
one levels and decreasing the growth velocity and the rate of 
skeletal age advancement. Ketoconazole therapy may also 
improve adult height, especially if started at an early age. 
Alternatively, combination therapy with antiandrogens and 
aromatase inhibitors such as spironolactone and anastrozole 
may be beneficial in reducing pubertal progression and slow-
ing linear growth and skeletal maturation. These therapies 
appear to improve predicted adult height based on skeletal 
maturity, although data on adult height are lacking. Secondary 
GDPP may develop in individuals with MLPP necessitating 
treatment with GnRHa [75–82].

 Conclusions

In summary, the child presenting with precocious puberty 
may be classified into three categories: GDPP, GIPP, or a 
normal variant. A thorough evaluation is warranted for girls 
younger than 8 years of age and boys younger than 9 years of 
age or in those whose evaluation is concerning for underly-
ing pathology. The goals of therapy in children with preco-
cious puberty are to preserve adult height potential and 
alleviate psychosocial stress that may accompany early 
puberty. Treatment with GnRHa is safe and effective in indi-
viduals with GDPP, with greater height preservation in those 
of younger age who have less advanced skeletal ages and on 
longer duration of therapy. Treatment should be aimed at the 
underlying etiology or the mechanism of the sex steroids in 
those with GIPP.
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 Epidemiology and Classification

Disorders of sex development (DSD) are congenital condi-
tions in which the development of chromosomal, gonadal, 
and anatomical sex is atypical. This can affect from 1:1000 
to 1:1500 individuals, being the most severe ambiguities 
seen in up to 1:5000 born [1, 2]. The DSD nomenclature and 
its distinction were originally established at the Chicago 
conference in 2005, according to the consensus of the largest 
pediatric endocrinology societies [3], and distributed the 
patients in three subgroups:

• DSD sex chromosome.
• 46,XX DSD (formerly called female pseudo- 

hermaphroditism): they have ovarian gonadal tissue at 
their origin, but their external genitalia is ambiguous or 
even masculine

• 46,XY DSD (formerly called male pseudo- 
hermaphroditism): they have testes, but their genital ducts 
and/or external genitalia undergoes incomplete viriliza-
tion (Fig. 19.1).

 Differentiation of Genitalia and Hormonal 
Control

Within the genital bud, the gonads of males and females are 
undifferentiated until the sixth week. Under the action of the 
Sry/Sox9 set and other genes, the gonad begins the differen-
tiation in the testis. Support cells give rise to Sertoli cells, 
and steroidogenic cells give rise to Leydig cells (around 
60 days). The gonad predestined to an ovary remains undif-
ferentiated until about 77 to 84 days, when the first oocytes 

arise. The supporting cells form the granulosa and the ste-
roidogenic cells form the theca.

The expression of the SRY gene on the Y chromosome 
initiates the cascade leading to the formation of a testis, 
which secretes testosterone (Leydig cells) and anti- Müllerian 
hormone (AMH) (Sertoli cells), responsible for the differen-
tiation of the Wolffian ducts in the seminal vesicles, ductus 
deferens, and epididymis, as well as regression of the 
Müllerian ducts. Leydig cells also produce insulin-like factor 
3 (INSL3), which acts on the testicular descent [4]. In the 
absence of the Y chromosome, the testicle does not form, the 
Wolff ducts regress, and the Müllerian ducts develop the 
tubas, uterus, and upper third of the vagina [1]. The external 
genitalia remains undifferentiated until about the eighth 
week of life. An important concept is that the female genita-
lia occurs when there is an ovary or in the absence of any 
gonad. The hormonal regulation of the differentiation pro-
cess of the genitalia is dynamic and involves steroidogenic 
production in the gonads and adrenals.

The ovaries do not secrete steroids in the prenatal period, 
and the female genitalia is not influenced by adrenal andro-
gens at the beginning of gestation, as they are converted into 
estrogens by placental aromatase. Critical transient period 
(around 12-week gestation) occurs, in which the adrenals 
begin to express 3β-HSD2 and produce more cortisol instead 
of DHEA-S.  This transition is marked by the decreased 
androgenic receptors in the labioscrotal folds, and these will 
not undergo fusion even under high posterior exposures of T/
DHT. When the adrenal starts producing greater amounts of 
androgens again, the aromatase activity will also be 
increased, resulting in an even greater production of estro-
gens, ensuring that female genitalia is formed.

If during this window (where aromatase is low) testicular 
Leydig cells appear, there will be a large fetal exposure to 
testosterone, under the influence of human chorionic gonad-
otropin (hCG), and late fetal luteinizing hormone (LH), 
which determines the masculinization of the internal genita-
lia. Testosterone, under the action of 5α-reductase, is con-
verted into dihydrotestosterone (DHT), responsible for 
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masculinization of the external genitalia and urogenital sinus 
[5]. Genitalia virilization may occur without the presence of 
testis in cases of congenital adrenal hyperplasia, in which the 
enzymatic blockage deviates steroidogenic production to 
DHEA-S during the critical period (when aromatase is low). 
In addition the high production of 17-hydroxyprogesterone 
can be used by the alternative routes for the production of 
dihydrotestosterone, which causes clitoromegaly even after 
the downregulation of the androgenic receptors.

In humans, as well as in other primates, androgens appear 
to have a considerable effect on gender behavior [6]. 
However, the association between prenatal exposure to 
androgens and behavior is not uniform.

 Genetics

• For the development of the bipotential gonad, the action 
of WT1 (Wilms’ Tumor 1), which acts on urogenital 
development, is essential. Aside from being fundamental 
in the formation of all steroid-producing glands, SF-1 
(steroidogenic factor-1) nuclear receptor is required for 
the synthesis of testosterone in Leydig cells and regula-
tion of AMH in Sertoli cells.

• The interaction of the SRYry gene with other genes is the 
determining step for sexual differentiation. It also potenti-
ates the SOXox9 gene (main for the lower SRYry), inhib-
iting the Rspo1 (R-spondin-1)-Wnt4-β-catenin-FOXL2 
pathway, which promotes the formation of Sertoli cells 
and inhibits ovarian development.

• In the case of a gonad predestined to become an ovary, the 
action of the WNT4 gene, which inhibits testicular forma-
tion by upregulation of DAX1, is important in stabilizing 
β-catenin-FOXL2 (a complex pathway, which, as stated 
above, will be inhibited by Sry/Sox9).

• Some mutations of the above genes are responsible for 
many cases of AG in DSD. For example, the expression 
of a single copy of SOXox9, SF1, and WT1 or duplica-
tion of DAX1 and WNT4  in individuals 46,XY may 
lead to gonadal dysgenesis. On the other hand, duplica-
tions of Sox9 or Sox3 may lead to 46,XX testicular 
DSD [1].

Figure 19.2. Dashed arrows show the alternative routes of 
androgen production. These pathways produce DHT without 
DHEA, androstenedione or T as intermediates. In the cases 
of 17OH, 21OH, and POR, there is an increase of 17OH as a 
substrate. Another synthetic route involves the generation of 
11-oxygenated C19 steroids via CYP11β1, including 
11-ketotestosterone and 11-ketodihydrotestosterone. 
CYP11A1 (cholesterol side-chain cleavage enzyme, 
P450scc), StAR (steroidogenic acute regulatory protein), 
CYP17A1 (17 α-hydroxylase/17,20-lyase, P450c17), 
CYP21A2 (21 α-hydroxylase), CYP11b1 and CYP11b2 
(11β-hydroxylase type 1 and 2) 3βHSD2 (3β-hydroxysteroid 
dehydrogenase, type 2), 17βHSD3 (17b-hydroxysteroid 
dehydrogenase, type 3), 5α-reductase 2 (5α-reductase, type 
2), 5α-reductase 1 (5α-reductase, type 1), AKR1C1/3 
(3a-reductase, type 1/3), and 17βHSD6 (3- hydroxyepimerase, 
encoded by Flück CE) [7]
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 Causes of Ambiguous Genitalia

 Sex Chromosome DSD

This group contained the variants of Turner (45,X0) and 
Klinefelter (47,XXY), as well as the mosaicisms. The latter 
have the most common 45,X/46,XY karyotype, correspond-
ing to mixed gonadal dysgenesis. The external genitalia 
commonly shows asymmetries and inguinal hernias. There 
may even be occurrence of virilization only on the side where 
the dysgenetic testis is present and Müllerian structures on 
the other side. Gender affirmation is a challenge due to the 
broad phenotypic spectrum.

 Ovotesticular DSD

This rare disease was called true hermaphroditism, because 
there is a presence of viable testicular and ovarian tissue in 
the same patient, in the same gonad, or vice versa. They 
commonly present asymmetric AG, and inguinal hernias are 
frequent. The most common karyotype is 46,XX (60% of 
cases), followed by mosaicism [8]. This diagnosis should be 
made in all cases of ambiguous genitalia, especially if a 
bilobed gonad of non-scrotal location is evidenced. The gen-
der affirmation is variable and can follow both sides, and the 

degree of virilization and response to stimulation with Hcg 
(testis viability) should be taken into account.

 46,XX DSD

46,XX are the most prevalent forms of DSD, and about 90% 
of them are due to congenital adrenal hyperplasia (CAH). 
The latter is a group of seven autosomal recessive and mono-
genetic diseases, caused by mutations in the genes involved 
in the cortisol synthesis pathways, with consequent elevation 
of ACTH, hyperplasia of the adrenal glands, and elevation of 
androgens in the stages prior to enzymatic blockade during 
steroidogenesis. Most cases are heterozygous, and the allele 
with the highest enzymatic activity determines the pheno-
type. Both sexes can be affected, but suspecting in boys 
becomes more difficult when there are no exuberant clinical 
manifestations.

 21-Hydroxylase (21-OH) Deficiency

It is the main cause of CAH, corresponding to more than 
95% of the cases [9]. Such an enzyme is encoded by the 
CYP21A2 gene, and the mutations are due to recombinant 
events of meiosis. The classic forms are divided into salt los-
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ers, which manifest itself in the first 2 weeks of life, with 
adrenal crisis, and simple virilizations, which maintain about 
1–2% of the enzymatic activity, preventing the crises. Those 
with the nonclassical forms retain more than 50% of the 
enzymatic activity, preventing virilization, but may present 
low reserve of cortisol [10]. It is suspected in all cases of AG 
with karyotype 46,XX and ovaries/uterus in the USG, espe-
cially if there are signs of adrenal insufficiency (shock, hypo-
glycemia, electrolyte disturbance).

 11β-Hydroxylase (11-OH) Deficiency

The CYP11B1 and CYP11B2 genes encode two enzymes: 
p450c11B1 (ACTH dependent), which is responsible for the 
11-hydroxylation of 11-deoxycortisol in cortisol and deoxy-
corticosterone (DOC) in corticosterone in the fasciculate 
zone, and isoenzyme p450c11B2 (angiotensin-dependent), 
with the same action of the first isoform (but much more 
potent) in addition to converting corticosterone into 
18-OH-corticosterone and the latter into aldosterone. Most 
of the affected patients have minimal or absent enzymatic 
activity (nonclassical forms are very rare). Although the con-
version attributed to 11bOH is minimal, elevated levels of 
DOC, a weak mineralocorticoid, may suppress the renin- 
angiotensin- aldosterone axis. Clinically, they present viril-
ization, volumetric expansion, and consequent hypertension 
but low renin activity (as compared to those with 21-OH 
deficiency that have more hypertension than salt loss).

 P450 Oxidoreductase (POR) Deficiency

This type of CAH, of fetal-placental origin, arises from the 
flavoprotein defect that transfers electrons to all the micro-
somal P450 (21-OH, 17-OH, P450 aromatase). Most patients 
retain some enzymatic action, since their total blockage 
would be impracticable, which determines highly variable 
phenotypes. The mineralocorticoid pathway is not compro-
mised, and the intermediates may rise causing hypertension. 
Virilization may be due to the DHT production by the retro-
grade pathway, as well as poor placental aromatization, 
including cases of maternal virilization. POR deficiency is 
also involved in other non-steroidogenic enzymes, which 
may explain other findings such as bone dysplasia. 
Craniosynostosis, radioulnar or radiohumeral synostosis, 
facial hypoplasia, and other aspects of Antley-Bixler syn-
drome can be seen.

 P450 Aromatase Deficiency

With the fetal-placental origin, it results from mutations 
in the CYP19 gene and determines a defective placental 
conversion of androgens (C19) to estrogens (C18). 
Virilization of the female external genitalia, and often of 
the mother, occurs. The diagnosis is made by elevated lev-
els of T and androstenedione, low estrogens, and elevated 
gonadotrophins.

 Androgens and Progestogens of Maternal 
Origin

In addition to the use of testosterone, certain progestogens 
may be involved in the masculinization of the female fetus: 
norethindrone, ethisterone, and medroxyprogesterone ace-
tate. It is a diagnosis of exclusion and only surgical correc-
tion of the external genitalia is conducted.

 46,XY DSD

The prevalence of 46,XY DSD is much lower than those of 
46,XX DSD as it covers a broader etiologic spectrum and 
does not necessarily present itself with ambiguity. The 
assumed gender is commonly discordant (female) of the 
karyotype in this type of DSD (more than 33%) [11]. They 
are patients whose gonads are testes, but genital ducts and/or 
external genitalia are not completely masculinized. The 
causes of CAH that undergo subvirilization in 46,XY DSD 
are rarer: 3βHSD2, 17αOH, SCC, and CAH lipoid. In these 
cases, the ambiguity is exacerbated at puberty. Other rare 
disorders are deficiencies of 5α-reductase and 17βHSD3, 
which often present more severe subvirilization, or even 
female genitalia, and more difficult clinical suspicion at 
birth.

 Androgen Insensitivity Syndrome (CAIS 
and PAIS)

In its complete form (CAIS), it does not present with 
AG. Partial forms, however, range from isolated hypospadias 
to perineoscrotal hypospadias, micropenis, and bifid scrotum 
(similar to 5α-reductase deficiency). Most 46,XY DSD with 
no defined cause are determined to have partial androgen 
insensitivity.
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 46,XY Partial or Total Gonadal Dysgenesis

Pure gonadal dysgenesis (Swyer syndrome) does not cause 
ambiguous genitalia as it will be female. Partial forms, how-
ever, determine gonadal subvirilization and Müllerian duct 
persistence, due to the capacity of the dysgenetic testis to 
produce AMH and testosterone (although at lower levels 
than expected). Dax1, Sox9, and Gata4 are examples of 
genes involved in gonadal dysgenesis; but most patients do 
not yet have a specific genetic cause. There is an increased 
risk of Wilms tumor related to the WT1 gene in these 
patients [12].

 17-OH Deficiency

The CYP17A1 gene encodes both the 17 hydroxylase and 
17,20 lyase enzymes in the fasciculate and reticulate zones. 
There is a deficiency in adrenal and gonadal production, with 
accumulation of DOC (sodium retention, hypertension, 
hypokalemia, suppression of aldosterone), and corticoste-
rone, preventing adrenal crises (glucocorticoid effect). 
Isolated 17,20 lyase deficiency is extremely rare [13].

 3βHSD2 Deficiency

This enzyme exists in two isoforms: type 1, expressed in the 
placenta and peripheral tissues, and type 2, highly expressed 
in adrenals. The deficiency results in the decrease in aldoste-
rone, cortisol, and androstenedione. In this case, a little pro-
duction of 17-OH-progesterone by peripheral 3β-HSD may 
occur, allowing production of DHT by the retrograde path-
way, or even excess S-DHEA can be converted by the pla-
centa. Clinically, the patient has salt loss and subvirilized 
genitalia.

 StAR Deficiency (Lipoid CAH)

Deficiency of all steroid hormones is due to the mutations in 
the StAR gene, which regulates the transfer of cholesterol 
from the outer membrane to the internal mitochondria and is 
a key step for steroidogenesis. It is one of the rarest forms of 
CAH. There are nonclassical forms, which retain 20–30% of 
StAR gene’s activity [14], and may be confused with 
Addison’s disease or isolated familial glucocorticoid defi-
ciency, and 46,XY may be born with normal or ambiguous 
genitalia. Laboratory diagnosis is by the low or absent levels 
of all steroids, with an unresponsiveness in ACTH or hCG 
tests.

 SCC Deficiency

This is coded by the CYP11A1 gene, presenting clinical and 
laboratory findings identical to lipoid CAH, with few cases 
reported in the literature, being differentiated only by the 
DNA genetic test.

 Smith-Lemli-Opitz Syndrome

This syndrome caused by a failure in the synthesis of choles-
terol leads to micrognathia, mental retardation, microceph-
aly, complete hypospadia, micropenis, growth retardation, 
and, rarely, suprarenal insufficiency. In the laboratory find-
ings, we have low cholesterol levels and high levels of 
7-dehydrocholesterol.

 5α-Reductase Deficiency

This enzyme is responsible for the transformation of T into 
DHT. It has two forms: type I, which is present in the skin, 
and type II, which is present in the genital epithelium, acces-
sory glands, and prostate. During uterine development, the 
external genitalia and the urogenital sinus suffer a little dif-
ferentiation, whereas the T-dependent Wolffian structures 
develop normally. The phenotype ranges from micropenis to 
hypospadias with pseudovagina. The 46,XY develop viril-
ization during puberty, with descent of testis and penile 
enlargement, without gynecomastia (probably by the periph-
eral conversion of type 1 enzyme, with increased activity 
during puberty). Commonly, gender change occurs from 
female to male. In the laboratory findings, until the onset of 
puberty, the T/DHT ratio is very high (> 10.5 basal, or > 8.5 
after stimulation with hCG).

 17β-Hydroxysteroid-Dehydrogenase Type 3 
Deficiency

This enzyme is expressed exclusively in the testis and con-
verts androstenedione to T and estrone into estradiol. Affected 
46,XY individuals are born with female or ambiguous exter-
nal genitalia, with male ducts present, absence of Müllerian 
structures, short vagina, and undescended testicles. During 
puberty, clitoromegaly may occur due to some peripheral 
conversion, and the breasts grow by the influence of estrone. 
In the laboratory findings, gonadotrophins, androstenedione, 
estrone are elevated, while estradiol and T are low. Likewise, 
there is an increase in the proportions of androstenedione/T 
and estrone/estradiol after hCG stimulation test.
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Figure 19.3 Once SRY gene triggers testes, testosterone 
should stabilize the Wolffian ducts, and anti-Müllerian hor-
mone leads to regression of Müllerian ducts. The main hor-
mone responsible for the male differentiation of the 
urogenital sinus and external genitalia is dihydrotestosterone 
that needs proper production and action at androgenic recep-
tors (AR). The red symbols indicate blockages that may 
impair the final route of differentiation Fig. 19.4.

 Initial Approach of Newborns 
with Ambiguous Genitalia

The first step is to differentiate genuinely ambiguous genita-
lia from minor genital abnormalities, such as discrete clitoral 
augmentation and isolated distal hypospadias. Those who fit 
the criteria should be followed by a multidisciplinary team 
using the best level of evidence available. Family acquain-
tance and clarification should be clear and detailed, knowing 
that diagnostic research and conduct can take days to months 
to be taken. One should investigate consanguinity, family 
history of DSD, maternal use of steroids or progestogens, 
and use of assisted reproductive technology. A history of 
maternal virilization during pregnancy (a rare condition) 
may point to maternal androgen-secreting tumors (such as 
luteomas of the ovary) or hyperreactio luteinalis, which is a 

result of increased serum concentrations of human chorion 
gonadotropin (β-hCG) and increased receptor’s sensibility to 
β-hCG. Aromatase deficiency is a possible diagnosis in these 
cases, but the onset of ovarian pathology is more common.

 Physical Exam

It begins with the inspection of the phallic structure (length, 
erectile tissue, thickness), number of perineal orifices and 
their topographies, labioscrotal folds (pigmentation, rough-
ness, degree of fusion), as well as position and anal patency. 
Asymmetries may be an important clinical sign as ovotes-
ticular DSD and mixed gonadal dysgenesis may virilize only 
one side of the genitalia. Palpation may reveal gonads in the 
scrotum or labioscrotal folds and inguinal canal or be impal-
pable. In the case of females, the degree of virilization can be 
evaluated by the Prader scale [15], ranging from 1, discrete 
clitoromegaly with distinct openings to the vagina and ure-
thra, up to 5, elongated phallus and long urogenital sinus 
(common canal) that resembles a male urethra. Regarding 
the anterior structures, it is still important to evaluate the 
exact location of the convergence of the urethra with the 
vagina (not evaluated by the Prader scale) for surgical plan-
ning. Likewise, subvirilized males will present varying 
degrees of hypospadias, which may also be associated with 
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bifid scrotum, ventral penile curvature, and penoscrotal 
transposition. Even those with apparent normal male genita-
lia should be assessed more extensively if the penile com-
partment is smaller than 2.0–2.5 cm.

 Diagnostic Tests

The first to be ordered are the karyotype (always mandatory), 
pelvic ultrasonography, and sodium, potassium, and 17OHP 
levels after 48 hours of life. Following the known pathophys-
iology, other tests to determine the diagnosis are pregneno-
lone, 17-OH-pregnenolone, testosterone, DHEA, 
dihydrotestosterone, androstenedione, cortisol, gonadotro-
phins, and AMH tests. Children aged 3–6 years, or those sus-
pected of having defective androgen production, may require 
a human chorionic gonadotrophin (HCG) stimulation test:

• Abdominopelvic ultrasonography: aimed primarily to 
detect Müllerian structures. The vagina and uterus are 
well visualized in the newborn; but intra-abdominal 
gonads hardly are. This test may also show adrenal 
hyperplasia.

• Magnetic resonance: may be useful for determining renal 
abnormalities and more detailed pelvic structure (more 
useful for surgical programming than diagnosis).

• The dosage of 17-OHP (17-hydroxyprogesterone) is 
intended to identify the main cause of CAH (21-OH defi-
ciency). It may be high within the first 48 hours, dropping 
to <100–200  ng/dL.  Premature and those under acute 
stress may have falsely elevated levels of 17-OHP. Some 
cases of 21-OH may require the cortrosyn test to close 
diagnosis. It should be remembered that deficiencies of 
11βOH and POR also occur with high 17-OHP [10].

• At more advanced ages (denoting a nonclassical form), 
screening for 21-OH is based on the measurement of 
17-OHP before 8:00 AM. However, the cortrosyn test is 
usually required for an accurate diagnosis and to differen-
tiate it from the classical form.

• The anti-Müllerian and inhibin B hormone dosage in 
patients with 46,XY DSD is useful to differentiate 
between gonadal dysgenesis and defects in the synthesis 
or action of testosterone.

• High concentrations of 11-DOC and DOC (baseline or 
after ACTH stimulation) associated with low levels of 
renin and aldosterone help in cases of suspected diagnos-
tic doubt between 21-OH deficiency and 11-βOH.

• Pregnenolone and 17-OH-pregnenolone aid in the evalua-
tion of deficiencies of 3βHSD2 and 17-OH.

• Preferably, serum steroid determinations in neonates and 
infants should be performed with liquid chromatography- 
mass spectrometry/mass spectrometry (LC-MS/MS), as 
antibody-based assays cannot accurately discriminate the 
different deviations from steroidogenesis.

• Testing of hCG tests can be done with hCG 1000–1500 U 
intramuscularly for 3 consecutive days, with the physio-
logical response being twice as large as the testosterone 
baseline [16]. HCG will elicit an increased T response in 
patients with partial androgen resistance and 5α-reductase 
deficiency. 5α-Reductase deficiency can generally be 
ruled out by a T/DHT ratio of less than 8.5 after hCG.

Figure 19.5 The first and faster steps regard to clinical 
history, examination looking for palpable gonads, and imag-
ing of pelvic/labioscrotal content. Determination of karyo-
type is always mandatory. The presence of Müllerian 
structures leads to a clinical diagnosis and further analysis of 
biochemical profile. In 46,XX DSD patients whose congeni-
tal adrenal hyperplasia is the main cause of ambiguous geni-
talia, cortrosyn test is usually necessary to access 17OHP, 
androgen, and cortisol response. In case of 46,XY DSD 
patients, the hCG stimulation test permits exploring andro-
gen secretion by Leydig cells from the first months of life to 
early adolescence (when testes produce low levels of andro-
gens). Despite assays for anti-Müllerian hormone (AMH), 

Fig. 19.4 Virilized female genitalia due to androgen excess
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inhibin B, and Insl3 may be excellent tools to demonstrate 
presence of functional testicular tissue, they are not always 
available and do not determine testicular androgen produc-
tion. 17OHP, 17-hydroxyprogesterone; T, testosterone; DHT, 
dihydrotestosterone; 3β-HSD2, 3 β-hydroxysteroid dehydro-
genase type 2; 17β-HSD3, 17-β-hydroxysteroid dehydroge-
nase type 3* may require cortrosyn test for final diagnosis 
(rare forms of CAH)

 Hormonal Treatment

Hormonal treatment is basically reserved for those with 
CAH, as well as its main cause: 21-OH deficiency.

• Glucocorticoids: Due to their effects on growth suppres-
sion, chronic glucocorticoid therapy is avoided in chil-
dren. In classical forms, it aims to replace deficient 
cortisol and reduce excess (androgens in 21-OH and 
11beta-OH, or DOC in 17-OH) – in children, hydrocor-
tisone 8–15 mg/m2 divided into three doses, and in ado-
lescents and adults, hydrocortisone 2–3 times/day, or 
prednisone 5–7.5 mg/day, once or twice, or dexametha-
sone 0.25–0.5 mg/day [10]. Lower doses are required in 
nonclassical forms in which children are treated only if 

there are signs of virilization with advanced bone age; 
women with excess androgens can be treated only with 
oral contraceptives (and in some cases in conjunction 
with spironolactone). In this group, the cortrosyn test 
may reveal suboptimal cortisol response (<18  μg/dL), 
but patients generally only need to replace glucocorti-
coids if they are symptomatic or under stress 
conditions.

• Glucocorticoid dose in stress: For all types, there must be 
education regarding the adrenal crisis and increased dose 
in case of intercurrences. Patients with classic 21-OH also 
have epinephrine deficiency, due to impaired adrenal 
medulla formation, predisposing the patient to bouts of 
hypoglycemia, especially when they become ill or when 
fed. A dosage of 50  mg/m2 hydrocortisone is recom-
mended for children and 100 mg IV for adults, followed 
by 200 mg in the next 24 hours [10].

• Mineralocorticoids: The goal of using fludrocortisone is 
to achieve a physiological renin activity in salt-losing 
forms. Higher doses are required in the first 6 months of 
life due to neonatal resistance to mineralocorticoids [17]. 
Despite some production of aldosterone in the simple vir-
ilizing forms, there is a relative deficiency of the hormone. 
The association also allows the glucocorticoid dose to be 
reduced. The dose is 50–200 μg daily.
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• Sexual steroids: In cases of 17-OH, 3βHD2, CAH lipoid, 
POR, and SCC, replacement occurs at the time of physi-
ological puberty. For women, estradiol 0.5–2.0 mg/day is 
required for 2–3 years; progestogen is added after 2 years 
of estrogen (or when menarche occurs) with micronized 
progesterone 100–200 mg/day, or medroxyprogesterone 
5–10 mg/day or norethindrone 2.5–5.0 mg, for 5–10 days, 
in those with uterus, is necessary. For men, 50–200 mg of 
testosterone ester per month, or transdermal testosterone 
25–100 g per day, is required. The replacement of DHT in 
cases of 5α-reductase deficiency and 17βHSD3, if 
 diagnosed early, becomes important for phallic growth 
and surgical management.

 Monitoring

The child’s linear growth, weight/height, signs of puberty, 
and symptoms of salt loss should be taken into account. An 
X-ray for determination of bone age should be performed 
every 2  years. Although 17-OHP levels tend to normalize 
with appropriate treatment, this should not be a primary goal 
because it denotes a high dose of glucocorticoid. Instead, it is 
better to evaluate the signs of virilization, in girls, and levels 
of androgens.

 Surgical Treatment

Genital surgery is a complex task and full of controversy. In 
the last two decades, some groups have advocated that sur-
gery should be delayed until the patient is able to participate 
in the decision. The family should always be educated about 
the benefits and risks of the procedure, involving a multidis-
ciplinary team. Surgical treatment should, ideally, reconsti-
tute the cosmetic appearance and functionality of the 
genitalia, preserving fertility in the best possible way. Sexual 
intercourse may or may not be possible after surgical repair, 
and this should be discussed with those who present them-
selves to the surgeon in adolescence or adulthood.

Intervention should be considered for 46,XX patients 
with CAH by 21-OH, when there is considerable virilization, 
ideally between the third and ninth months of life [11]. The 
feminizing surgery consents in clitoroplasty, labiaplasty, and 
vaginoplasty, which can be performed at the same time or 
not, with the intention of exteriorizing the vagina and creat-
ing separate openings for the vagina and urethra. This proce-
dure becomes more difficult with the greater degree of 
virilization, because in these cases, the vagina is implanted 
higher in the urogenital sinus (common canal). Cosmetic 
results and long-term functionality are scarce. In cases of 
21-OH, gender dysphoria is extremely rare, despite behav-
ioral changes reported due to intrauterine androgens expo-

sure, and it is prudent to proceed with feminizing surgery 
[18].

Reconstruction in 46,XY cases is complex. The correc-
tions of distal hypospadias have high success rates, as 
opposed to proximal ones, which denote greater complica-
tions. In the case of those with 5α-reductase deficiency, an 
old approach in those highly subvirilized was to offer sur-
gery for feminization. However, these partially virilized 
patients show the highest rate of gender dysphoria among all 
patients with DSD, with great dissatisfaction with surgical 
modifications [19]. Thus, it is reasonable to assume the male 
gender for 46,XY DSD patients with at least one functioning 
testis and reasonable penile tissue. Most boys will need 
repair of hypospadias with or without orchiopexy, and the 
approach is performed in the first year of life [20]. Patients 
with complete insensitivity to androgens usually have their 
gonads preserved until at least puberty, avoiding future hor-
mone replacement needs, although the chances of malig-
nancy are not fully known [21]. For pure gonadal dysgenesis, 
early gonadectomy is advisable because of the high risk of 
malignancy and female gender identity in this group [22].

 Affirmation of Gender

Although the treatment includes hormonal and surgical 
options, many patients have been treated according to a tra-
ditional binary concept of the sexes. It is important to know 
that dealing with DSD requires acceptance of the deviations 
from traditional definitions of gender, and the karyotype is 
not necessarily determinative of it.

Generally, children with 46,XX karyotype and 21-OH 
deficiency are raised as females, even if strong virilization 
has occurred. On the other hand, those with 46,XY karyo-
type and androgen deficiency (17βHSD3 or 5α-reductase 2 
deficiency) are usually raised as men, even if severe under- 
androgenization occurs. These decisions are justified by the 
current knowledge of the high potential of alternative routes 
of androgen synthesis, as well as in the cases of gender dys-
phoria in patients with DSD and in the possibility of preser-
vation of fertility.

In 46,XX patients with CAH, studies show that patients 
live and identify themselves as women, despite the more 
masculine behavior. In a study by Dessens [23], 46,XX 
patients with CAH raised as boys had a change from male to 
female of 12.1%, while the opposite (female to male) was 
5.2%.

In the case of 46,XY patients raised as women, another 
study showed a change from female to male in 64% of those 
with 17βHSD3 deficiency (no cases of male to female) and 
up to 66% in 46,XY patients with 5α-reductase 2 deficiency 
[24]. In the latter case, despite the blockage of external viril-
ization by lack of DHT, testosterone still maintains strong 
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masculinizing effects on the brain and behavior. 46,XY 
patients with incomplete insensitivity to androgens, with 
partial subvirilization enough to be raised as girls, tend to 
masculinize behavior [25].

It is possible that many patients who present themselves 
in the transition period for adolescence have not received 
much information about their diagnosis during pediatric 
care, complicating the clinical history for management in 
adult life. This fact reinforces the need for a multidisciplinary 
team to manage these patients, with support groups, psychol-
ogists, endocrinologists, gynecologists, and urologists.

References

 1. Ostrer H. Disorders of sex development (DSDs): an update. J Clin 
Endocrinol Metab. 2014;99:1503.

 2. Thyen UK, Lanz PM, Holterhus, et  al. Epidemiology and initial 
management of ambiguous genitalia at birth in Germany. Horm 
Res. 2006;66:195–203.

 3. Hughes IA, Houk C, Ahmed SF, Lee PA, LWPES Consensus 
Group; ESPE Consensus Group. Consensus statement on manage-
ment of intersex disorders. Arch Dis Child. 2006;91(7):554–63.

 4. Ferlin A, Foresta C.  Insulin-like factor 3: a novel circulat-
ing hormone of testicular origin in humans. Ann N Y Acad Sci. 
2005;1041:494–505.

 5. Hanley NA, Arlt W. The human fetal adrenal cortex and the window 
of sexual differentiation. Trends Endocrinol Metab. 2006;17:391.

 6. Jurgensen M, Hiort O, Holterhus T, U. Gender role behavior in chil-
dren with XY karyotype and disorders of sex development. Horm 
Behav. 2007;51:443–53.

 7. Flück CE, Meyer-Böni M, Pandey AV, Kempná P, Miller WL, 
Schoenle EJ, Biason-Lauber A. Why boys will be boys: two path-
ways of fetal testicular androgen biosynthesis are needed for male 
sexual differentiation. Am J Hum Genet. 2011;89(2):201–18.

 8. Matsui F, Shimada K, Matsumoto F, et al. Long-term outcome of 
ovotesticular disorder of sex development: a single center experi-
ence. Int J Urol. 2011;18(3):231–6.

 9. Speiser PW, Azziz R, Baskin LS, et al. Congenital adrenal hyperpla-
sia due to steroid 21-hydroxylase deficiency: an endocrine society 
clinical practice guideline. J Clin Endocrinol Metab. 2010;95:4133.

 10. El-Maouche D, Arlt W, Merke DP. Congenital adrenal hyperplasia. 
Lancet. 2017;390(10108):2194–210.

 11. Romao RL, Salle JL, Wherrett DK. Update on th management of 
disorders of sex development. Pediatr Clin N Am. 2012;59:853–69.

 12. Kohler B, Biebermann H, Friedsam V, et al. Analysis of the Wilm’s 
tumor suppressor gene (WT1) in patients 46, XY disorders of sex 
development. J Clin Endocrinol Metab. 2011;96(7):E1131–6.

 13. Geller DH, Archus RJ, Mendonça BB, Miller WL.  The genetic 
and functional basis of isolated 17,20-lyase deficiency. Nat Genet. 
1997;17:201–5.

 14. Baker BY, Lin L, Kim CJ, et al. Nonclassic congenital lipoid adre-
nal hyperplasia: a new disorder of the steroidogenic acute regula-
tory protein with very late presentation and normal male genitalia. 
J Clin Endocrinol Metab. 2006;91:4781–5.

 15. Prader A. Genital findings in the female pseudo-hermaphroditism 
of the congenital adrenogenital syndrome: morphology, frequency, 
development and heredity of the different genital forms. Helv 
Paediatr Acta. 1954;9:231–48.

 16. Ahmed SF, Rodie M.  Investigation and clinical management 
of ambiguous genitalia. Best Pract Res Clin Endocinol Metab. 
2010;24:197–218.

 17. Martinerie L, Pussard E, Foix-L’Hélias L, et  al. Physiological 
partial aldosterone resistance in human newborns. Pediatr Res. 
2009;66:323–8.

 18. Fisher AD, Ristori J, Fanni E, Castellini G, Forti G, Maggi 
M. Gender identity, gender assignment and reassignment in indi-
viduals with disorders of sex development: a major dilemma. J 
Endocrinol Investig. 2016;39:1207–24.

 19. Kohler B, Kleinemeier E, Lux A, et  al. Satisfaction with genital 
surgery and sexual life of adults with XY disorders os sex devel-
opment: results from the German clinical evaluation study. J Clin 
Endocrinol Metab. 2012;97(2):577–88.

 20. Hutson JM, Clarke MC. Current management of the undescendend 
testicle. Semin Pediatr Surg. 2007;16(1):64–70.

 21. Papadimitriou DT, Linglart A, Morel Y, et  al. Puberty in sub-
jects with complete androgen insensitivity syndrome. Horm Res. 
2006;65:126–31.

 22. Capito C, Leclair M-D, Arnaud A, et al. 46, XY pure gonadal dys-
genesis: clinical presentations and management of the tumor risk. J 
Pediatr Urol. 2011;7(1):72–5.

 23. Dessens AB, Slipjer FM, Drop SL. Gender dysphoria and gender 
change in chromosomal females with congenital adrenal hyperpla-
sia. Arch Sex Behav. 2005;34:389–97.

 24. Cohen-Kettenis PT.  Gender change in 46, XY persons with 
5α-reductase-2-deficiency and 17β-hydroxysteroid dehydrogenase-
 3 deficiency. Arch Sex Behav. 2005;34(4):399–410.

 25. Hines M, Ahmed SF, Hughes IA.  Psychological outcomes and 
gender-related development in complete androgen insensitivity 
syndrome. Arch Sex Behav. 2003;32(2):93–101.

B. C. Caldas et al.



207© Springer Nature Switzerland AG 2022
F. Bandeira et al. (eds.), Endocrinology and Diabetes, https://doi.org/10.1007/978-3-030-90684-9_20

Non-parathyroid Hypercalcemia

Daniele Fontan and Luiz Griz

 Non-parathyroid Hypercalcemia

Hypercalcemia is a clinical condition defined as total serum 
calcium >10.3  mg/dl (>2.6  nmol/L) or ionized calcium 
>5.6  mg/dl (>1.4  nmol/L). It affects about 0.5–1% of the 
general population. It is well tolerated if serum calcium lev-
els are <12 mg/dl, but when severe it can be a life- threatening 
condition [1]. It is known that hypercalcemia is one of the 
most common metabolic disorders in clinical practice. The 
participation of calcium in numerous organic processes, such 
as coagulation cascade, enzymatic reactions, and neuromus-
cular transmission, determine the importance of maintaining 
its homeostasis.

Calcium in the body corresponds to 2% of an individual’s 
body, and approximately 99% is found within the crystal 
structure of hydroxyapatite in the mineralized bone matrix 
and 1% is in the soluble form in the intra- and extracellular 
fluid compartments. Of this solution, 50% are linked to pro-
teins, 45% in the form of ionized calcium, and 5% linked to 
organic and inorganic anions such as sulfate, phosphate, lac-
tate, and citrate [2, 3].

Factors such as venous stasis (e.g., tourniquet use), liver 
cirrhosis, and malnutrition may affect the measurement of 
total calcium, so in such situations, we must calculate the 
corrected calcium or, preferably, dose the ionizable calcium 
that is not influenced by albumin levels.

The formula to calculate corrected calcium is as follows: 
corrected calcium = total calcium + (4-albumin) × 0.8. The 
ionizable fraction of calcium is regulated by parathyroid hor-
mone (PTH) and vitamin D. It can also vary with blood PH, 
where acidosis increases the concentration of ionizable cal-

cium and alkalosis reduces it. Alteration of 0.1 unit in serum 
pH modifies the protein-calcium binding by 0.12 mg/dl.

Hypercalcemia may be classified as mild (10.4–11.9 mg/
dl), moderate (12–13.9 mg/dl), or severe (≥14 mg/dl) [4].

 Etiology

There are several causes of hypercalcemia, but about 90% of 
cases are caused by primary hyperparathyroidism (most fre-
quent cause in outpatients) and malignant neoplasms (in 
inpatients) [5]. Other causes of hypercalcemia are less fre-
quent. Hypercalcemia occurs by combining excess bone 
resorption, increased intestinal calcium absorption, and 
decreased renal excretion. In some disorders, more than one 
mechanism may be involved; however, the common finding 
in almost all hypercalcemic disorders is increased bone 
resorption (Table 20.1).
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Table 20.1 Etiology of hypercalcemia

Bone resorption Calcium 
absorption

Decrease in the 
excretion of calcium

pHPTH Hypervitaminosis 
D

Chronic renal disease

Malignancy Granulomatous 
disease

Rhabdomyolysis and 
acute renal failure

Thyrotoxicosis Parenteral 
nutrition

Thiazide diuretics

Immobilization Milk alkali 
syndrome

Downregulation of 
the calcium receptor 
sensor

Medication Endocrinal disorders

FHH Lithium Pheochromocytoma
Hypervitaminosis 
A

Adrenal insufficiency

pHPTH primary hyperparathyroidism, FHH familial hypocalciuric 
hypercalcemia
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 Bone Resorption

 Primary Hyperparathyroidism

Primary hyperparathyroidism (PHPT) is a disorder resulting 
from hypersecretion of the parathyroid hormone. Most cases 
are sporadic, but 5–10% correspond to familial forms that 
may be isolated or associated with autosomal dominant 
inherited endocrine diseases, such as multiple endocrine 
neoplasia type 1 (MEN 1) and type 2A (MEN 2A). Its inci-
dence has increased significantly in some countries since the 
mid-1970s, when systematic dosing of serum calcium began. 
Hypercalcemia in this disorder occurs due to the activation 
of osteoclasts mediated by the parathyroid hormone, culmi-
nating with the increase of bone resorption. PHPT occurs 
more frequently because of the presence of parathyroid ade-
noma (~85%), less frequently due to parathyroid hyperplasia 
(~15%), and rarely results from parathyroid carcinoma 
(<1%) [6]. Patients can evolve with small increases in serum 
calcium (elevations below 11 mg/dL or 2.75 nmol/L) or with 
intermittent hypercalcemia [7–9].

 Secondary and Tertiary Hyperparathyroidism

Patients with chronic renal disease and secondary hyperpara-
thyroidism usually have normal or low serum calcium levels, 
but with the progression of the disease, they may develop 
hypercalcemia. Increased serum calcium occurs more fre-
quently in patients with adynamic bone disease and marked 
reduction in bone turnover. Hypercalcemia in these patients 
is observed due to a marked reduction in bone calcium 
uptake, as occurs after ingestion of calcium carbonate to treat 
hyperphosphatemia [10].

In other patients with advanced renal disease, hypercalce-
mia is due to the autonomic production of PTH, a disorder 
known as tertiary hyperparathyroidism.

 Malignant Neoplasms

Malignant neoplasms are the most frequent cause of hyper-
calcemia in hospitalized patients [11, 12]. Its frequency 
ranges from 20% to 30% of cancer patients and could reach 
up to 40% in some casuistic, depending on the duration of 
the disease, the primary site, the presence of metastases, and 
the type of malignancy. Hypercalcemia usually occurs in 
patients with advanced disease, and survival beyond 
6 months is uncommon.

The humoral hypercalcemia of malignancy (HHM) is the 
main cause of hypercalcemia associated with neoplasias, 
being responsible for approximately 80% of cases [13]. 

Hypercalcemia is due to tumor secretion of the parathormone- 
related peptide (PTH-rp). Among the solid tumors, lung car-
cinoma, particularly squamous cell carcinoma, is the most 
frequent. Other tumors associated with HHM are squamous 
cell carcinomas of the head and neck and adenocarcinoma of 
the kidneys, breast, bladder, pancreas, and ovaries [14]. 
Therefore, humoral hypercalcemia of malignancy should be 
suspected in any patient with a solid tumor, in the absence of 
bone metastases, and with low PTH concentration. The diag-
nosis can be confirmed when a high concentration of PTH-rp 
is demonstrated.

In tumors such as breast cancer with skeletal metastasis, 
multiple myeloma and lymphomas are common to tumor 
cell production of osteoclast stimulating factors in bone such 
as PTHrp, DKKI, lymphotoxins, interleukins, TGF, and 
prostaglandins [13].

In some lymphomas, hypercalcemia is due to the extrare-
nal production of calcitriol from calcidiol (independent of 
PTH) through the activation of mononuclear cells (macro-
phages) [15]. Finally, ectopic PTH secretion is a rare cause 
of hypercalcemia, documented only in a few patients.

In general, consumptive malignancy syndrome precedes 
the picture of hypercalcemia which tends to be more severe 
than that observed in PHPT. Generally, values higher than 
13  mg/dl (3.25  nmol/L) are observed. Hypercalcemia is 
associated with poor life expectancy in the patient with neo-
plasia, independent of the response of calcemia to the 
treatment.

 Thyrotoxicosis

Mild hypercalcemia is seen in about 15–20% of patients with 
thyrotoxicosis [16, 17]. The thyroid hormone has bone 
resorption properties, causing a state of high bone turnover, 
which can culminate in osteoporosis. Hypercalcemia typi-
cally disappears after the correction of hyperthyroidism. If 
hypercalcemia persists after the restoration of euthyroidism, 
serum PTH should be measured in order to evaluate con-
comitant hyperparathyroidism.

Another less frequent cause of hypercalcemia due to 
increased bone resorption includes immobilization with high 
turnover bone disease, as in PAGET disease.

 Increase in Intestinal Calcium Absorption

High calcium intake is, in isolation, a rare cause of hypercal-
cemia, since the initial elevation of serum calcium concen-
tration inhibits both PTH release and calcitriol synthesis, but 
when combined with reduced urinary excretion, it can lead to 
hypercalcemia.

D. Fontan and L. Griz
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 Alkaline Milk Syndrome

In the absence of renal insufficiency, hypercalcemia may 
occur following the ingestion of large amounts of calcium 
with absorbable substances (sodium bicarbonate and cal-
cium carbonate), leading to hypercalcemia, metabolic alka-
losis, renal dysfunction, and, usually, nephrocalcinosis, a 
situation known as alkaline milk syndrome [18, 19]. Alkaline 
milk syndrome typically occurs in the scenario of excess cal-
cium carbonate supplementation in the treatment of osteopo-
rosis or dyspepsia. One study found that this syndrome 
accounted for 8.8% of cases of hypercalcemia in the period 
1998 and 2003 [20]. It represents one of the few examples of 
purely absorptive hypercalcemia.

 Hypervitaminosis D

Vitamin D poisoning is a rare cause of hypercalcemia. The 
dose of vitamin D required to induce toxicity varies among 
patients, reflecting differences in absorption, storage, and 
metabolism, but serum levels of 25(OH)D, the main metabo-
lite of vitamin D, >150 ng/ml, generally indicate intoxica-
tion. Elevated serum concentrations of 1,25(OH)2D3 may be 
observed after ingestion of calcitriol for treatment of hypo-
parathyroidism. Due to its short half-life, calcitriol-induced 
hypercalcemia usually lasts for 1–2 days. Suspension of cal-
citriol and venous hydration with saline may be the only 
treatment needed in these cases. On the other hand, hypercal-
cemia caused by high intake of calcidiol may take several 
weeks, since excess vitamin D is slowly cleared by the body 
(weeks to months). More aggressive therapy with glucocor-
ticoids, which antagonize the action of calcitriol, and intra-
venous bisphosphonates may be necessary [21–23].

 Granulomatous Diseases

Hypercalcemia can be observed in around 10% of the 
patients with sarcoidosis, and an even greater percentage of 
these individuals evolve with hypercalciuria. The primary 
disturbance of hypercalcemia in these cases is the extrarenal 
activation of 25-dihydroxyvitamin D by 1α-hydroxylase in 
activated macrophage tissue, which is resistant to normal 
feedback control. Other granulomatous diseases that may 
cause hypercalcemia by the same mechanisms include tuber-
culosis, berylliosis, disseminated coccidioidomycosis, histo-
plasmosis, leprosy, and pulmonary eosinophilic 
granulomatosis [24]. Although most patients are normocal-
cemic at presentation, they may be hypercalciuric, with uri-
nary calcium excretion analysis as part of the diagnostic 
investigation. In addition, hypercalcemia and hypercalciuria 

may not be apparent until calcium and vitamin D intake 
occurs.

 Decrease of Calcium Excretion

 Chronic Renal Insufficiency

It is known that in chronic renal failure alone, although asso-
ciated with decreased calcium excretion, hypercalcemia does 
not occur due to hyperphosphatemia and decreased synthesis 
of calcitriol. On the contrary, these patients usually present 
hypocalcemia with hyperphosphatemia. Hypercalcemia, 
however, may be seen in patients receiving carbonate or cal-
cium acetate in conjunction with dietary phosphate, particu-
larly if they are being treated with calcitriol, in an attempt to 
reverse a hypocalcemia or secondary hyperparathyroidism.

 Rhabdomyolysis and Acute Renal Failure

Hypercalcemia has been described during the diuretic phase 
of acute renal failure, often seen in patients with rhabdomy-
olysis. Hypercalcemia is due to the mobilization of calcium 
from the injured muscle [25].

 Thiazide Diuretics

The administration of thiazide diuretics may increase serum 
calcium, and this fact cannot be fully explained by hemocon-
centration. Thiazide diuretics have the ability to reduce uri-
nary calcium excretion and are used in the treatment of 
patients with recurrent hypercalciuria and nephrolithiasis. 
Rarely, they cause hypercalcemia in healthy individuals but 
may cause hypercalcemia in patients with underlying 
increase in bone resorption, such as in those with 
hyperparathyroidism.

 Downregulation of Calcium-Sensing 
Receptor

 Familial Hypocalciuric Hypercalcemia (FHH)

Familial hypocalciuric hypercalcemia is a rare autosomal 
dominant disorder characterized by a genetic defect in cal-
cium receptors in the parathyroid and kidney. It presents with 
mild hypercalcemia, the most marked laboratory finding 
being hypocalciuria, suggesting an increased tubular reab-
sorption of calcium. The urinary calcium level is generally 
<50  mg/24  h and the calcium/creatinine clearance <0.01 
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[26]. The diagnosis should be considered in any asymptom-
atic patient with mild to moderate hypercalcemia, hypocalci-
uria, and a family history of hypercalcemia. Its diagnostic 
importance is with the differential diagnosis with primary 
hyperparathyroidism in order to avoid unnecessary 
parathyroidectomy.

 Medicines

 Lithium

Patients who use chronic lithium may develop mild to mod-
erate hypercalcemia, probably due to increased secretion of 
PTH, by an increase in levels at which calcium inhibits the 
release of PTH.  Hypercalcemia usually, but not always, 
regresses when therapy is discontinued. Lithium therapy 
may also unmask a PHPT framework; on the other hand, 
lithium may raise serum PTH concentration, but it does not 
alter serum calcium [27].

 Hypervitaminosis A

Excessive intake of vitamin A (>50,000  IU/d) leads to 
increased bone resorption, culminating with osteoporosis, 
fractures, hypercalcemia, and hyperostosis. The mechanism 
by which vitamin A stimulates bone resorption has not yet 
been fully elucidated [28].

Other medications that may rarely evolve with hypercal-
cemia are omeprazole, theophylline, and foscarnet.

 Other Endocrinopathies

 Pheochromocytoma

Hypercalcemia is a rare complication of pheochromocy-
toma. It may occur in NEM-2A due to hyperparathyroidism 
or to pheochromocytoma itself. In this case, hypercalcemia 
appears to be due to the tumor production of PTHrp. Its 
serum concentration may be reduced with the use of 
β-adrenergic blockers, suggesting a role of β-adrenergic 
stimulation in the pathogenesis [29].

 Adrenal Insufficiency

Hypercalcemia may be a finding in adrenal crisis. Multiple 
factors appear to contribute to hypercalcemia, including 
increased bone resorption, increased tubular calcium reab-
sorption, increased hemoconcentration, and increased 

calcium- protein binding. The use of glucocorticoids reverses 
hypercalcemia [30, 31].

 Uncommon Causes of Hypercalcemia

In certain situations, the differential diagnosis of hypercalce-
mia can become a real challenge in the clinical practice of 
the endocrinologist and general practitioner. Some etiologies 
so unusual that are not listed in many reviews of hypercalce-
mia and even rarely seen in patients with hypercalcemia of 
obscure etiology are summarized below (Table 20.2).

 Hypercalcemia Mediated by Elevated Levels 
of Calcitriol

Similar to sarcoidosis, tuberculosis, and some fungal infec-
tions, other less frequent diseases characterized by granu-
loma formation have been associated with hypercalcemia 
secondary to elevated 1,25-dihydroxyvitamin D levels, 
such as Wegener’s granulomatosis, Crohn’s disease, cat-
scratch disease, acute granulomatous pneumonitis (rare 
complication of methotrexate therapy), and hepatic granu-
lomatosis [32].

 Hypercalcemia Caused by PTHrp

Although recognition of humoral hypercalcemia in malig-
nant neoplasms is well established, hypercalcemia due to 

Table 20.2 Rare causes of hypercalcemia

Rare causes of hypercalcemia
Wegener’s granulomatosis
Cat scratch fever
Crohn’s disease
Acute granulomatous pneumonia
BCG therapy
HIV-associated lymphadenopathy
Massive mammary hyperplasia during pregnancy
Omeprazole in acute interstitial nephritis
Theophylline toxicity
Parenteral nutrition
Foscarnet
Eosinophilic granuloma
Leprosy in rheumatoid arthritis
Mycobacterium avium complicating AIDS
Cytomegalic virus infection in AIDS
Chronic berylliosis
Nocardia asteroides pericarditis
Diffuse octeoclastosis
Lymphedema of chest and pleural cavities
Brucellosis
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high PTHrp levels in the benign disease setting is very 
unusual. This has already been described in a patient with 
systemic lupus erythematosus (SLE) with multiple organ 
involvement, in HIV-associated lymphadenopathy, diffuse 
mammary hyperplasia of pregnancy, and benign ovarian and 
renal tumors [32].

 Hypercalcemia of Unknown Mechanism

Hypercalcemia has been reported in several clinical settings 
where the mechanisms of hypercalcemia have not been fully 
elucidated.

 Clinical Manifestations

Increased serum calcium causes changes in all organ sys-
tems, as their extracellular levels interfere with the tissue 
functions of the brain, peripheral nerves, visceral smooth 
muscle, and cardiac and renal musculature. The severity of 
the clinical presentation does not depend exclusively on the 
serum calcium level but on the speed of installation, age, 
clinical conditions, presence of metastases, liver and renal 
dysfunctions, and evolution of the underlying disease 
(Table 20.3).

 Gastrointestinal

Intestinal constipation is the most frequent complaint. Other 
symptoms include anorexia, nausea, vomiting, and vague 
abdominal complaints. Rarely, severe hypercalcemia can 
cause acute pancreatitis [33–35].

 Renal

The most important renal manifestations are nephrolithiasis, 
renal tubular dysfunction, and renal failure, which may be 

acute or chronic. Chronic hypercalcemia leads to a defect in 
the ability to concentrate urine, which can lead to polyuria in 
up to 20% of patients, and the mechanism by which this 
occurs is not well understood. Chronic hypercalcemic 
nephropathy has the clinical features of interstitial nephritis 
with polyuria, natriuresis, and hypertension. Hypertension, 
nephrolithiasis, obstruction, and possible infections may 
contribute to the additional loss of renal function [36].

 Cardiovascular

In chronic hypercalcemia, calcium deposits can be seen in 
cardiac valves, coronary arteries, and myocardial fibers.

A short QT interval is also observed, which does not 
appear to be clinically important in cardiac conduction or in 
the prevalence of supraventricular or ventricular arrhythmias 
[37–39].

 Neuropsychiatric

The most common neuropsychiatric symptoms were anxiety, 
depression, and cognitive deficiency. More severe symptoms 
are observed in elderly patients with severe hypercalcemia. 
Personality changes and affective disorders may occur when 
calcium concentrations exceed 12 mg/dl (3 nmol/L), while 
confusion, psychosis, hallucinations, somnolence, and coma 
are rare [40, 41].

 Physical Findings

There is no specific physical finding of hypercalcemia, in 
addition to those that could be related to an underlying dis-
ease, such as in the malignancy syndrome. Band keratopathy 
reflects the deposition of calcium phosphate in the subepi-
thelial layer of the cornea, a very rare finding, usually dis-
covered through an ophthalmological examination with a slit 
lamp [42].

Table 20.3 Clinical manifestations of hypercalcemia

Gastrointestinal Renal Cardiovascular Neuropsychiatric Musculoskeletal
Constipation Nephrolithiasis Shortened QT interval Anxiety Muscle weakness
Anorexia DI nephrogenic Deposition of calcium in heart valves, Depression Bone painb

Nausea Renal tubular acidosis (type 1) Coronary arteries, and myocardial fibers Cognitive dysfunction
Peptic ulcer diseasea Tubular renal dysfunction Hypertension Lethargy
Acute pancreatitisa Renal insufficiency Cardiomyopathy Confusiona

Chronic hypercalcemic nephropathy Stupora

Nephrocalcinosis Comaa

DI diabetes insipidus
aRare
bPrimary hyperparathyroidism or malignancy
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 Diagnostic Evaluation/Laboratory Diagnosis

Hypercalcemia is a relatively common clinical problem. As 
the great majority of causes of hypercalcemia are due to pri-
mary hyperparathyroidism and malignant diseases, laboratory 
diagnosis typically involves the distinction between these two 
clinical entities. In general, there is no difficulty in distinguish-
ing them. Symptoms of malignancy are often present at the 
time of diagnosis of hypercalcemia, and serum calcium levels 
are usually higher than in patients with PHPT (Fig. 20.1).

A single elevated serum calcium value does not diagnose 
hypercalcemia, and this dosage should be repeated to  confirm 
the diagnosis, preferably without the use of the tourniquet. If 
available, previous serum calcium values should be reviewed. 
The presence of long-term asymptomatic hypercalcemia is 
more suggestive of primary hyperparathyroidism and also 
increases the possibility of familial hypocalciuria hypercal-
cemia. The degree of hypercalcemia may also be useful in 
the diagnostic distinction. Primary hyperparathyroidism is 
usually associated with mild hypercalcemia (values <11 mg/

dl). Values >13 mg/dl are more consistent with hypercalce-
mia of malignancy.

In patients with hypoalbuminemia, chronic disease, or 
malnutrition, total serum calcium may be normal, but ioniz-
able calcium will be elevated. In this situation, serum cal-
cium should be corrected for the value of albumin or, as 
some authorities prefer, to dose the ionizable calcium.

Since hypercalcemia has been confirmed, the next step is 
to measure serum PTH in order to distinguish parathyroid- 
mediated hypercalcemia (PHPT and HHF) from those not 
mediated by PTH (malignant diseases, vitamin D intoxica-
tion, granulomatous diseases).

In the presence of non-suppressed PTH, the next step is to 
assess the relationship of calcium clearance to creatinine 
clearance. If the ratio is >0.02, then the diagnosis will be 
PHPT, and < 0.01 will be indicative of HHF. On the other 
hand, if PTH is suppressed PTH-rp and vitamin D metabo-
lites (1,25OH2D and 25OHD) should be requested.

If PTHrp is >12 mg/dl (or > 4.0 nmol/L), the diagnosis will 
be humoral hypercalcemia of malignancy. Levels of 25OHD 

Elevated serum calcium

Check repeat (total calcium
corrected for albumin or ionized

calcium)

Hypercalcemia confirmed

Measure intact PTH

PTH- mediated

Measure
calcium/creatinin
clearance ratio

ca/cr>0.02 ca/cr<0.01

pHPTH FHH

Non-PTH- mediated

Measure PTH-rp and vitamin D
metabolites

PTH-rp
elevated

Elevated
1.25OH2D

Elevated
25OHD

Normal vitamin D,
Normal PTH-rp

Measure SPEP,
UPEP, serum free
light chain assayHumoral

hypercalcemia of
malignancy

Lymphoma,
Granulomatous

disease

Vitamin D
intoxication

Abnormal Normal

Multiple Myeloma Assess for other diagnoses:
vitamin A intoxication,

hyperthyroidism

PTH : parathyroid hormone

PTHrp : parathyroid hormone- related peptide

P HPTH : primary hrperparathyroidism

FHH : familial hypocalciuric hypercalcemia

SPEP : serum protein electrophoresis

UPEP : urine protein electrophoresis

Fig. 20.1 Diagnostic approach to hypercalcemia. PTH parathyroid hormone, PTHrp parathyroid hormone-related peptide, PHPTH primary 
hyperparathyroidism, FHH familial hypocalciuric hypercalcemia, SPEP serum protein electrophoresis, UPEP urine protein electrophoresis
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>100  ng/ml probably indicate intoxication. If 1,25OH2D is 
elevated, we must think of lymphoproliferative disorders and/
or chronic granulomatous diseases. In the presence of normal 
levels of PTHrp and vitamin D metabolites, other causes of 
hypercalcemia should be considered. Additional laboratory 
data include serum protein electrophoresis to screen for mul-
tiple myeloma, TSH, and vitamin A. In most cases, this labo-
ratory assessment will lead to the correct diagnosis.

Serum phosphate concentration and urinary calcium 
excretion are also useful in the differential diagnosis. PHPT 
and humoral neoplastic hypercalcemia (mediated by PTHrp) 
frequently present hypophosphatemia, a result of the inhibi-
tion of renal phosphate reabsorption [43]. In contrast, phos-
phate concentration is normal or elevated in granulomatous 
diseases, vitamin D intoxication, immobilization, thyrotoxi-
cosis, alkaline milk syndrome, and bone metastatic diseases. 
In hypercalcemia of the family hypocalciuria, the dosage of 
phosphate is variable [43]. Dosage of alkaline phosphatase 
(AP) may also be useful in differentiating the causes of 
hypercalcemia. AP is elevated in osteoblastic bone metasta-
sis, as in prostate cancer, but not in osteoclast disorders, such 
as multiple myeloma [24].

Urinary calcium excretion is usually increased in hyper-
parathyroidism and hypercalcemia of malignancy. In contrast, 
there are three disorders in which the increase of renal calcium 
reabsorption leads to relative hypocalciuria (<100 mg/day or 
2.5  nmol/day); they are alkaline milk syndrome, thiazide 
diuretics, and familial hypocalciuria hypercalcemia, where 
fraction of calcium excretion is less than 1% [44, 45].

Finally, the review of the therapeutic regimen (prescribed 
drugs or not, use of calcium and vitamin D supplements) and 
dietary plan is useful to evaluate alkaline milk syndrome and 
drug-induced hypercalcemia.

 Treatment

Treatment of hypercalcemia is aimed at reducing serum cal-
cium concentrations and, when possible, treating the caus-
ative condition. Calcium levels may be reduced by measures 
that act on intestinal absorption, increasing renal excretion or 
inhibiting bone resorption. The choice of treatment will 
depend on the cause and severity of hypercalcemia 
(Table 20.4).

Table 20.4 Treatment of hypercalcemic crisis

Intervention Mode of action Dose
Beginning 
of action

Duration 
of action Comments

Hydration Restore intravascular volume
Increase calcium excretion

SF 0.9% 500–1000 ml/
hour
Followed 150–250 ml/
hour
Cardiac monitoring

Hours During 
infusion

Caution in patients with cardiac 
and/or renal dysfunction

Loop diuretics* Increase urinary calcium 
excretion

Furosemide 40 mg EV 
12/12 H
Begin only after adequate 
hydration

Hours During 
therapy

They should not be used routinely. 
In patients with cardiac and/or 
renal dysfunction, judicious use 
may be necessary in order to avoid 
volume overload during 
intravenous hydration

Glucocorticosteroids Reduces absorption of 
intestinal calcium. Decreases 
1,25OH2D by activated 
mononuclear cells in patients 
with lymphomas or 
granulomatous diseases

Hydrocortisone
200–300 mg IV/day

3–5 days 2 weeks Effective in the treatment of 
hematological malignancies with 
increase of 1,25OH2D, vitamin D 
intoxication, and granulomatous 
diseases

Bisphosphonates Inhibits bone resorption via 
interference in osteoclast 
function and recruitment

Pamidronate 24–
72 hours

2–4 weeks Effective in hypercalcemia of 
malignancyDose: 60–90 mg IV 

diluted in SF 0.9% 
infused in 4–6 hours 
(+ − 2 h) interval 
between doses, at least 
7 days
Zoledronic acid
Dose: 4 mg IV diluted SF 
0.9% for 15–20 minutes

Denosumab Inhibits bone resorption via 
inhibition of RANKL

120 mg, SC
Can be repeated within 
1 week if needed

24 hours 4 weeks Effective in hypercalcemia of 
malignancy. It should be 
considered in patients refractory to 
bisphosphonates, in those with 
GFR <35 ml/minute, or even as a 
first option

*Use with caution
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Asymptomatic or symptomatic patients with mild hyper-
calcemia (<12 mg/dl or 3 nmol/L) do not require immediate 
therapeutic intervention, but increased oral hydration is rec-
ommended, and they should avoid prolonged immobilization 
and medications which elevate calcemia such as thiazide 
diuretics and vitamin D supplements. Similarly, patients 
with calcium levels between 12 and 14  mg/dL may not 
require immediate treatment if hypercalcemia is chronic. 
However, a sudden increase in the concentration of serum 
calcium levels may lead to altered consciousness, demand-
ing more vigorous measures. In addition, patients with serum 
calcium concentration > 14 mg/dl require treatment, regard-
less of symptoms.

 Increase in Calcium Urinary Excretion

The filtered calcium is reabsorbed, mainly, in the proximal 
tubules and in the ascending limbs of the loop of Henle. This 
process is passive and results from favorable electrochemical 
gradients created by sodium and chloride reabsorption. The 
active resorption of calcium occurs mainly in the distal 
tubule due to the influence of PTH. Urinary calcium excre-
tion may be increased in patients with hypercalcemia, inhib-
iting sodium reabsorption in the proximal tubules and the 
loop of Henle, thereby reducing passive calcium reabsorp-
tion. Proximal resorption is inhibited by volume expansion 
with intravenous saline infusion, as it increases the concen-
tration of sodium, calcium, and water in the loop of Henle.

A reasonable scheme is to initiate the administration of 
saline solution to 500–1000 ml in the first hour, followed by 
an infusion rate of 150–250 ml/hour until intravascular vol-
ume restoration. Diuretics of the loop should not be used 
routinely. However, in patients with cardiac or renal dysfunc-
tion, judicious use of the diuretic may be necessary in order 
to avoid volume overload during hydration. The patient 
should be monitored to avoid hypovolemia and electrolyte 
disturbances, especially potassium and magnesium.

 Decrease in Intestinal Calcium Absorption

Increased intestinal calcium absorption in the diet is the main 
mechanism by which excessive vitamin D administration or 
endogenous overproduction of calcitriol leads to 
hypercalcemia.

Corticosteroids may be effective in patients with hemato-
logic malignancies with an increase of 1,25OH2D, vitamin 
D intoxication, and chronic granulomatous diseases [46]. In 
such patients, prednisone at a dose of 20–40 mg/day reduces 
the serum calcium concentration within 2–5 days, decreasing 
the production of calcitriol by the activated mononuclear 
cells of the lung and lymph nodes.

 Inhibition of Bone Resorption

Bisphosphonates have become one of the main instruments 
for the treatment of hypercalcemia, especially severe and 
malignant hypercalcemia. These drugs are effective inhibi-
tors of osteoclasts and thus influence one of the most impor-
tant pathophysiological mechanisms of hypercalcemia. The 
maximum effect occurs in 2–4  days, so they are usually 
given along with saline or calcitonin when quick serum cal-
cium normalization is desired.

Among the currently available agents for the treatment of 
hypercalcemia of malignancy are pamidronate, zoledronate, 
and ibandronate, with pamidronate and zoledronate being 
the ones of choice.

Pamidronate can be used at a dose of 60–90 mg, depend-
ing on the initial calcium levels, and is effective in normal-
izing serum calcium in 70–100% [47]. Its therapeutic 
response is dose dependent, and the maximum effect on the 
normalization of calcium is seen with a dose of 90  mg 
intravenously [48]. It is usually given as a single intrave-
nous infusion diluted in isotonic saline solution in 
4–6  hours. A therapeutic scheme of infusion of 24  hours 
has also been proposed. It is well tolerated, with a low inci-
dence of side effects such as transient fever, myalgia, and 
leukopenia (easily bypassed with the use of simple analge-
sics). Frequently, the response is continuous for up to 
2–4 weeks, with maintenance of normocalcemia for up to 
15 days [49–51].

In three clinical studies, two in breast cancer and one in 
multiple myeloma, pamidronate improved all skeletal- 
related events (bone pain, fracture, and hypercalcemia). The 
drug also extended the time for the onset of skeletal events 
and reduced the need for analgesics [52].

Zoledronate has been shown to be the most potent 
bisphosphonate in the treatment of hypercalcemia, especially 
when associated with malignancy. In a study of 275 patients 
with moderate to severe hypercalcemia of malignancy, the 
efficacy and maintenance of zoledronate response at doses of 
4 and 8 mg were compared to those of pamidronate at a dose 
of 90 mg. Zoledronic acid was given at doses of 4 and 8 mg 
in intravenous infusions of 5  min, while pamidronate was 
infused at a dose of 90 mg in 2 h. This study concluded that 
both doses of zoledronate were superior to pamidronate. The 
normalization rate of calcemia on the tenth day was 88.4% 
with 4 mg and 86.7% with 8 mg of zoledronate and 69.7% 
with 90 mg of pamidronate. Calcium normalization occurred 
on the fourth day in approximately 50% of zoledronate- 
treated patients versus 33.3% of those using pamidronate. 
The mean duration of control was longer with zoledronate 
(32 and 43 days) compared to pamidronate (18 days). Finally, 
the authors conclude that zoledronate is superior to pamidro-
nate, and the recommended dose is 4 mg, reserving the dose 
of 8 mg for refractory or recurrent cases [53].
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Although renal toxicity was reported more frequently 
with zoledronate than pamidronate, in trials evaluating the 
chronic use of these drugs in the treatment of metastatic bone 
disease, no difference was observed between drugs with 
regard to renal dysfunction. The efficacy of 4 and 8 mg of 
zoledronic acid was similar, but at the dose of 4 mg a lower 
incidence of renal toxicity was observed (5.2 × 2.3% with 
4 mg) [54].

Ibandronate has also been shown to be effective in the 
treatment of hypercalcemia of malignancy. In a study involv-
ing more than 320 patients, the dose of 2 mg intravenously 
normalized serum calcium in 67% of patients and doses of 
up to 6 mg intravenously were shown to be safe and well 
tolerated [55, 56]. The response frequency was significantly 
higher with 4 or 6 mg than with 2 mg; however, the duration 
of response was not dose dependent.

In a trial involving 72 patients with hypercalcemia of 
malignancy, ibandronate (2–4 mg) was compared with pami-
dronate (15–90 mg IV). The number of patients responding 
to both agents was similar (77 × 76% for ibandronate and 
pamidronate, respectively), but ibandronate was more effec-
tive in maintaining normocalcemia (14 × 4 days) [57].

Bisphosphonates are known to be nephrotoxic drugs, but 
in clinical trials involving zoledronate in the treatment of 
hypercalcemia of malignancy, patients with creatinine levels 
above 4.5 mg/dl were eligible to enter the study [53]. In addi-
tion, there were three reports of successful use of both iban-
dronate and pamidronate for patients with renal insufficiency 
and multiple myeloma [58], patients with renal insufficiency 
(creatinine >1.5 mg/dl) [59], and patients on hemodialysis 
with severe hypercalcemia [60, 61]. However, caution is sug-
gested in the use of intravenous bisphosphonates to treat 
hypercalcemia in the setting of renal failure. We should 
reduce the dose of bisphosphonates (4  mg of zoledronate, 
30–45 mg of pamidronate, and 2 mg of ibandronate) and pro-
long the infusion time in order to minimize the risk of dete-
rioration of renal function.

Salmon calcitonin is another therapeutic agent avail-
able in the treatment of acute hypercalcemia. Like 
bisphosphonates, it inhibits bone resorption via osteo-
clasts. It can be administered IM or SC [62]. Intranasal 
calcitonin has not been shown to be effective in the treat-
ment of hypercalcemia [63]. The recommended dose is 
4 U/kg every 12 hours, and the dose may be increased to 
6–8 U/kg every 6 hours [64]. The great advantage of cal-
citonin is its quick action, with reduction of serum cal-
cium in a few hours. Maximum calcium reduction is seen 
in 12–24 hours. It is not a potent agent, and calcium levels 
fall to a maximum of 1–2 mg/dl; another disadvantage is 
the development of tachyphylaxis, probably by downreg-
ulation of the receptor. Thus, we must associate it with 
bisphosphonates to lead to a more pronounced and lasting 
decline in serum calcium.

 Denosumab

Denosumab is a human monoclonal antibody that binds to 
the receptor activator of nuclear factor kappa-Β ligand 
(RANKL) and inhibits the differentiation, function, and sur-
vival of osteoclasts. Like bisphosphonates, it represents an 
important therapeutic option in the modulation of hypercal-
cemia of malignancy, especially in patients with hypercalce-
mia refractory to bisphosphonates or with a glomerular 
filtration rate < 35 ml/minute since, as they are metabolized 
by peptidases and cleared by the reticuloendothelial system, 
it has minimal nephrotoxic effects.

In a phase III trial of patients with prostate cancer resis-
tant to castration and bone metastasis, denosumab at the dose 
of 120 mg SC every 4 weeks was shown to be superior to 
zoledronic acid 4 mg IV in the reduction of skeletal-related 
events (bone pain, pathological fracture, bone radiation, 
bone marrow compression, and hypercalcemia) [65].

In a single-arm and open-label study, patients with cor-
rected serum calcium (CSC) >12.5  mg/dL despite recent 
treatment with venous bisphosphonate received denosumab, 
SC, on days 1, 8, 15, and 29 and then every 4 weeks. The 
primary endpoint of this study was to assess the proportion 
of patients with CSC levels ≤11.5 mg/dl within 10 days of 
starting treatment. The mean calcemia in this study was 
13.6 mg/dl. The secondary endpoint included the duration of 
response and the proportion of patients who achieved a 
response considered complete with CSC levels ≤10.8 mg/dl 
on the tenth day. Eighty percent of the patients responded to 
denosumab treatment, reaching CSC levels ≤11.5 mg/dl. All 
responses occurred on the tenth day. The mean duration of 
response was 26 days, and 67% of the patients had a response 
considered complete with CSC ≤10.8 mg/dl in the tenth day 
of the treatment [66].

Another recent phase III study investigated the use of 
denosumab for the treatment of hypercalcemia refractory to 
bisphosphonates. In this trial, as in the previous one, patients 
had CSC >12.5  mg/dl at least 7  days after treatment with 
bisphosphonates. The study also showed that denosumab 
was able to reduce CSC to ≤ 11.5 mg/dl, within the tenth day 
of the treatment, in 64% of patients [67]. In December 2014, 
the FDA approved the use of denosumab for the treatment of 
hypercalcemia of malignancy refractory to bisphosphonate 
therapy.

 Other Therapies

 Calcimimetics

Calcimimetics (cinacalcet, the only one currently available) 
reduces serum calcium concentration in patients with severe 
hypercalcemia due to parathyroid carcinoma, hemodialysis 
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patients with increased calcium-phosphorus product, and 
patients with secondary hyperparathyroidism. Calcimimetics 
has been evaluated in the treatment of primary hyperparathy-
roidism, but it is not standard therapy [68].

 Dialysis

Dialysis therapy, whether in the form of hemodialysis or by 
peritoneal dialysis, is an effective way of treating hypercal-
cemia. Dialysis is particularly useful in patients with renal 
and cardiac insufficiency, in whom salt solutions cannot be 
infused safely [69].
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Hypocalcemia

Vivien Lim and Bart L. Clarke

 Key Points to the Diagnosis

Serum calcium concentration is determined by the balance 
between calcium influx into extracellular fluid from intesti-
nal absorption, skeletal resorption, and renal reabsorption 
and calcium efflux from extracellular fluid through intestinal 
secretion, skeletal uptake, and renal excretion [1]. 
Hypocalcemia usually results from decreased skeletal 
resorption or intestinal absorption, in conjunction with nor-
mal or increased renal excretion, but it may result from nor-
mal calcium influx in association with increased renal 
excretion or skeletal mineralization [2]. Decreased skeletal 
resorption is typically due to decreased osteoclast recruit-
ment and activation, most often due to decreased parathyroid 
hormone (PTH), parathyroid hormone-related protein 
(PTHrP), or 1,25-dihydroxyvitamin D levels [3]. Deficiencies 
of other cytokines that normally stimulate osteoclast recruit-
ment or function, including interleukin (IL)-1α, IL-1β, IL-6, 
tumor necrosis factor-α, lymphotoxin, or transforming 
growth factor-β, might also lead to decreased skeletal resorp-
tion, but by themselves do not cause hypocalcemia. 
Decreased intestinal absorption of calcium is fairly common, 
typically occurring due to decreased 1,25-dihydroxyvitamin 
D or malabsorption. Regardless of the cause of decreased 
calcium influx into extracellular fluid, serum calcium levels 
do not typically decrease unless the kidneys fail to compen-
sate with appropriately increased urinary calcium 
reabsorption.

Other factors may indirectly affect serum calcium. 
Decreased PTH and PTHrP lead to decreased renal tubular 
reabsorption of filtered calcium, which results in increased 

urinary calcium excretion. Increased fluid intake may result 
in hemodilution, and volume overload may result in polyuria 
resulting in increased renal calcium clearance. Physical 
activity may directly decrease bone resorption and thereby 
reduce serum calcium.

The seven-transmembrane segment G protein-coupled 
extracellular calcium-sensing receptor (CaSR) plays a major 
role in regulation of extracellular calcium [4]. This receptor 
is found on parathyroid, renal tubular, osteoblast, intestinal 
mucosal, and adipocyte cells, as well as other cells in other 
tissues. The CaSR regulates secretion of PTH by parathyroid 
cells and renal tubular reabsorption of calcium, as it regu-
lates bone turnover and intestinal absorption of calcium. The 
CaSR has a large extracellular portion that binds ionized cal-
cium and a shorter intracellular portion that interacts with a 
variety of G proteins and signal transduction pathways. It 
may be part of a larger family of calcium- or cation-binding 
receptors.

 Signs and Symptoms

Patients with mild hypocalcemia may be completely asymp-
tomatic, whereas those with severe hypocalcemia are often 
incapacitated due to profound metabolic derangements. The 
magnitude of symptoms and signs present depends largely 
on the severity and chronicity of the hypocalcemia 
(Table 21.1). Patients with chronically low levels of ionized 
calcium may be asymptomatic except for a positive 
Chvostek’s sign. Chvostek’s sign may be present in up to 
15% of healthy subjects without hypocalcemia, however, so 
it is not pathognomic of hypocalcemia. Neuromuscular irri-
tability is the most common cause of symptoms, ranging 
from tingling paresthesias around the fingertips, toes, or lips 
to tetany, carpopedal spasm, extremity muscle twitching or 
cramping, or abdominal cramps. Neuromuscular irritability 
is often most clearly demonstrated by eliciting facial muscle 
twitching after tapping over the facial nerve just anterior to 
the ear (Chvostek’s sign) [5] or by carpal spasm with inflation 
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of an upper arm blood pressure cuff to 20 mmHg above sys-
tolic blood pressure for 3  minutes (Trousseau’s sign) [6]. 
Trousseau’s sign may be present in up to 1–2% of healthy 
subjects without hypocalcemia, so it is also not pathogno-
monic of hypocalcemia.

More severe hypocalcemia may cause bronchospasm, 
laryngospasm, seizures, cardiac dysrhythmias associated 
with QT interval prolongation, coma, or sudden death. Head 
CT, MRI, or X-ray imaging may demonstrate calcification of 
the basal ganglia and other intracerebral structures. Patients 
may develop posterior subcapsular cataracts related to long- 
standing treatment-related increases in the calcium x phos-
phate product, or pseudotumor cerebri. Prolonged 
hypocalcemia may cause congestive heart failure due to car-
diomyopathy, which may reverse with appropriate manage-
ment of hypocalcemia. Patients often report feeling weak, 
fatigued, or depressed until hypocalcemia is corrected.

 Differential Diagnosis

Causes of hypocalcemia may be broadly divided into PTH- 
related and non-PTH-related causes (Table  21.2). PTH- 
related hypocalcemia is most often due to PTH deficiency or 
resistance. A large portion of non-PTH-related causes are 
due to vitamin D deficiency or resistance, with a wide variety 
of other less common causes. This section briefly reviews the 
multiple causes of hypocalcemia and gives several case illus-
trations of different causes.

Table 21.1 Symptoms and signs of hypocalcemia

Symptoms
Circumoral and acral tingling paresthesias
Increased neuromuscular irritability
   Tetany
   Muscle cramps and twitching
   Abdominal cramps
Laryngospasm
Bronchospasm
Altered CNS function
   Seizures of all types
   Papilledema or pseudotumor cerebri
   Choreoathetoid movements
   Depression
   Coma
Congestive heart failure
Generalized fatigue
Signs
Chvostek’s sign
Trousseau’s sign
Prolongation of QTc interval
Cataracts
Basal ganglia and other intracerebral calcifications

Table 21.2 Causes of hypocalcemia

PTH-related
Acquired hypoparathyroidism
   Postsurgical
   Infiltration with iron
    Hemochromatosis
    Thalassemia with repeated transfusions
   Infiltration with copper: Wilson’s disease
   Parathyroid metastases
   Neck radiation therapy
   Hypomagnesemia or hypermagnesemia
   Autoimmunity: Parathyroid gland antibodies
Congenital or inherited hypoparathyroidism
   APECED syndrome
   Autosomal dominant hypocalcemia
   Isolated hypoparathyroidism: Familial or X-linked
   Parathyroid agenesis
   Mutations in PTH gene
   Syndromes associated with hypoparathyroidism: DiGeorge 

syndrome, mitochondrial disorders with hypoparathyroidism
PTH resistance
   Pseudohypoparathyroidism types 1a, 1b, 1c, and 2
   Hypomagnesemia
Vitamin D-related
Vitamin D deficiency:
   Nutritional deficiency
   Malabsorption
   Lack of adequate sunlight exposure
   Hyperpigmentation
   Anticonvulsant therapy
   Pseudovitamin D deficiency rickets (vitamin D-dependent rickets 

type 1)
   Chronic renal disease
   Severe liver disease
Vitamin D resistance
   Hereditary vitamin D-resistant rickets (vitamin D-dependent 

rickets type 2)
Others
Hyperphosphatemia
Chronic renal failure
Tumor lysis syndrome
Rhabdomyolysis
Acute pancreatitis
Burns
Hungry bone syndrome
Osteoblastic bone metastasis
Transfusion with citrated blood products
Critical illness
Pseudohypocalcemia: Gadolinium-based contrast agents: 
gadodiamide and gadoversetamide B
Medications
   Hypocalcemia with decreased PTH levels
    Drug-induced hypomagnesemia: Cisplatin, diuretics, 

aminoglycosides, amphotericin
    Drug-induced hypermagnesemia: Magnesium-containing 

antacids or laxatives, tocolytic therapy
    Cinacalcet
    Alcohol abuse
   Hypocalcemia with increased PTH levels
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 PTH-Mediated Hypocalcemia

 Hypoparathyroidism

By far the most common cause of hypoparathyroidism in 
adults is postsurgical hypoparathyroidism [7]. Postsurgical 
hypoparathyroidism occurs after anterior neck surgery, not 
just due to surgery targeting the parathyroid glands. The 
parathyroid glands may be adversely affected by compro-
mised blood supply after manipulation during surgery on 
other neck structures, or by inadvertent removal. Postsurgical 
hypoparathyroidism usually results in hypocalcemia within 
24–48  h after surgery and is usually temporary. Different 
centers have reported different rates of symptomatic hypo-
parathyroidism after thyroid cancer surgery, ranging from 1 
to 46% of cases [8], whereas long-term postsurgical hypo-
parathyroidism is usually limited to less than 1–2% of cases, 
depending on surgical expertise. The rate of post- 
thyroidectomy hypoparathyroidism increases with the stage 
of thyroid cancer and is dependent on the extent of surgery, 
with about half of stage IV patients suffering from postsurgi-
cal hypoparathyroidism. Thyroidectomy for Graves’ disease 
was an independent predictor of both transient and perma-
nent hypoparathyroidism [9].

 Illustration: Case 1

A 29-year-old female was referred for post-thyroidectomy 
tetany. She had undergone surgery for a benign multinodular 
goiter, without evidence of malignancy at pathology review. 
The morning after surgery, her serum total calcium was 
decreased at 5.8 mg/dL (normal, 8.9–10.1), serum phospho-

rus mildly increased at 4.8  mg/dL (normal, 2.5–4.5), and 
serum creatinine normal at 0.9 mg/dL (normal, 0.8–1.3). Her 
serum 25-hydroxyvitamin D was normal at 38 ng/mL (opti-
mal, 20–50  ng/mL). Her serum parathyroid hormone was 
undetectable at <6 pg/mL (normal, 15–65). Her serum mag-
nesium was normal at 1.9 mg/dL (normal, 1.7–2.3 mg/dL). 
These findings indicate that postsurgical hypoparathyroid-
ism was the cause of her hypocalcemia and hyperphosphate-
mia. Unfortunately about 75% of adults diagnosed with 
acquired hypoparathyroidism are postsurgical, with surgery 
sometimes being done for benign causes such as goiter or 
primary hyperparathyroidism, but more often for thyroid or 
other head or neck cancers.

Most patients with postsurgical hypoparathyroidism have 
transient hypoparathyroidism. Experience of the surgeon 
performing surgery generally predicts the incidence of post-
surgical hypoparathyroidism. Immediate postoperative PTH 
levels may be useful in predicting which patients will develop 
permanent hypocalcemia due to postsurgical hypoparathy-
roidism [10].

Nonsurgical hypoparathyroidism may be due to defi-
ciency or excess of serum magnesium [11, 12]. 
Hypomagnesemia usually causes hypoparathyroidism when 
serum magnesium is less than 1.0 mg/dL. Up to 11% of hos-
pitalized patients may have hypomagnesemia, while up to 
9% may have hypermagnesemia [13]. Hypomagnesemia 
may be due to gastrointestinal losses associated with vomit-
ing related to excessive alcohol intake, chronic diarrhea, ste-
atorrhea, malabsorption, or intestinal resection; renal tubular 
losses due to medications such as furosemide, aminoglyco-
sides, cisplatin, cyclosporin, amphotericin B, pentamidine, 
tacrolimus, or proton pump inhibitors [14]; or rare genetic 
disorders such as Gitelman syndrome. Hypomagnesemia 
occurs frequently in critically ill patients, which contributes 
to the hypocalcemia frequently seen in intensive care unit 
patients. Hypermagnesemia may occur in the setting of late- 
stage chronic kidney disease in patients treated with magne-
sium antacids, enemas, or infusions, tocolytic therapy during 
labor, or acute renal failure associated with rhabdomyolysis 
or tumor lysis syndrome [15].

 Illustration: Case 2

A 48-year-old male was referred for possible hypoparathy-
roidism. His serum calcium was decreased at 6.7  mg/dL 
(normal, 8.9–10.1 mg/dL), with serum phosphorus increased 
at 5.5 mg/dL (normal, 2.5–4.5 mg/dL), and serum creatinine 
normal at 1.3  mg/dL (normal, 0.8–1.3  mg/dL). His serum 
25-hydroxyvitamin D was normal at 45  ng/mL (optimal, 
20–50 ng/mL). His serum PTH was decreased at 8 pg/mL 
(normal, 15–65 pg/mL). His serum magnesium was very low 

Table 21.2 (continued)

    Calcium-chelating agents: EDTA, citrate, foscarnet, 
hydrofluoric acid

    Vitamin D deficiency or resistance: Phenytoin, phenobarbital, 
carbamazepine, valproate, isoniazid, theophylline, glutethimide, 
rifampicin

    Skeletal antiresorptive agents: Bisphosphonates, denosumab, 
estrogens, raloxifene, calcitonin, plicamycin, colchicine overdose

    Loop diuretics
    PPIs and H2-blockers
    Glucocorticoid therapy
    Others:
     Propylthiouracil (PTU)
     Dobutamine
     Calcium channel blockers
     Strontium-89
     Deferasirox
     Bicarbonate therapy
     Electroconvulsive therapy
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at 0.8 mg/dL (normal, 1.7–2.3 mg/dL). These findings indi-
cate that significant magnesium deficiency was the primary 
cause of his hypoparathyroidism leading to hypocalcemia 
and hyperphosphatemia. Further evaluation demonstrated 
renal tubular magnesium wasting due to previous use of out-
dated aminoglycoside antibiotics.

Primary intestinal hypomagnesemia results from a rare 
inherited disorder causing magnesium malabsorption lead-
ing to hypomagnesemia in early infancy. This condition is 
thought to primarily occur due to deficient intestinal magne-
sium absorption, but there may also be defects in renal mag-
nesium reabsorption. Patients usually present with 
neurological symptoms, including tetany, muscle spasms, 
and seizures due to both hypomagnesemia and hypocalcemia 
associated with hypoparathyroidism. Lifelong high oral 
intake of magnesium supplements decreases symptoms and 
restores serum calcium levels to normal. Mutations in the 
TRMP6 gene on chromosome 9 have been identified to cause 
this disorder [16, 17]. The TRMP6 protein is a member of 
the transient receptor membrane potential channel family 
that complexes to TRPM7, a calcium- and magnesium- 
permeable cation channel.

Other acquired causes of hypoparathyroidism are much 
rarer. Infiltration and destruction of the parathyroid glands 
by iron overload may occur in hemochromatosis, or thalas-
semia requiring multiple blood transfusions [18]. Copper 
overload occurring due to Wilson’s disease may also result in 
hypoparathyroidism [19].

Hypoparathyroidism may result from metastases to the 
parathyroid glands in extremely rare circumstances [20]. 
External beam radiation therapy to the neck for treatment of 
malignant disease in this region, or radioactive iodine ther-
apy for Graves’ disease, may also rarely result in destruction 
of the parathyroid glands [21].

Inherited causes of hypoparathyroidism include autoso-
mal dominant hypocalcemia (ADH), a condition in which 
there is a gain-of-function mutation in the CaSR [22]. This 
type of mutation changes the threshold of PTH secretion by 
parathyroid cells in response to circulating ionized calcium, 
leading to low or inappropriately normal PTH secretion 
despite hypocalcemia. Most of the mutations reported to date 
affect the extracellular amino-terminal or transmembrane 
domains of the receptor. The mutant receptors may show 
both increased receptor sensitivity to calcium and increased 
maximal signal transduction capacity.

Since this activating mutation is also expressed in the 
CaSR on proximal renal tubular cells in the thick ascending 
limb of Henle, absolute or relatively increased 24-h urinary 
calcium excretion is a hallmark of the disorder. Most patients 
with ADH are asymptomatic and have mild hypocalcemia 
with significant hypercalciuria, but occasional patients may 
present with moderate or severe hypocalcemia. This form of 

CaSR-mediated hypoparathyroidism may cause increased 
risk of nephrocalcinosis compared to other forms of hypo-
parathyroidism. In one series, almost half of the patients 
evaluated had nephrocalcinosis associated with hypercalci-
uria [23]. Calcium supplementation must therefore be moni-
tored carefully in this condition.

Occasional reports have described patients with CaSR 
gain-of-function mutations associated with a Bartter-like 
syndrome, suggesting that the CaSR may also play a role in 
sodium chloride regulation [24]. These patients present with 
hypocalcemia, hypercalciuria, and nephrocalcinosis, associ-
ated with hypokalemic alkalosis, renal salt wasting that may 
cause hypotension, hyperreninemic hyperaldosteronism, and 
increased urinary prostaglandin excretion. Extensive burns 
may lead to upregulation of the CaSR, with lower than nor-
mal serum calcium suppressing PTH secretion, resulting in 
hypocalcemia and hypoparathyroidism.

Autoimmune hypoparathyroidism is thought to be the 
second most common form of acquired hypoparathyroid-
ism, after postsurgical hypoparathyroidism. Isolated auto-
immune destruction of the parathyroid glands may occur, 
resulting in idiopathic hypoparathyroidism, or autoimmune 
destruction may occur in association with other autoim-
mune conditions as part of autosomal recessive autoimmune 
polyglandular endocrinopathy candidiasis ectodermal dys-
trophy (APECED) syndrome [25]. This syndrome is caused 
by mutations in the autoimmune regulator gene AIRE, which 
results in abnormal thymic expression of tissue antigens, 
generation of autoreactive T cells, ultimate loss of central 
tolerance to specific self-antigens, and the development of 
multiple autoimmune disorders [26]. Antibodies against the 
CaSR have been identified in some individuals with both 
idiopathic hypoparathyroidism or APECED syndrome [27, 
28], but it is not yet clear if these antibodies are causative or 
simply markers of disease [29]. Idiopathic autoimmune 
hypoparathyroidism most often occurs in the teens or the 
young adulthood but may occur at any age. APECED usu-
ally presents in childhood and is characterized by chronic 
mucocutaneous candidiasis and Addison’s disease, in addi-
tion to the variable expression of endocrine and other auto-
immune diseases. Variation in the clinical phenotype of 
individuals with identical mutations in the AIRE gene is 
incompletely understood, but this suggests that other genetic 
loci or environmental factors are important in the develop-
ment of the phenotype.

Hypoparathyroidism may be diagnosed at birth or during 
childhood due to a variety of genetic mutations causing con-
genital syndromes, the most widely known being the 
DiGeorge (velocardiofacial) syndrome [30]. This disorder is 
caused by abnormal development of neural crest cells in the 
third and fourth branchial pouches. In 90% of cases, the syn-
drome is caused by heterozygous chromosomal deletion of 
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the TBX1 gene in the region of chromosome 22q11. Thirty- 
five genes have been identified in this region, so deletion of 
other genes, alone or in combination, could also cause this 
syndrome, but the TBX1 gene is a major determinant of car-
diac, thymus, and parathyroid cell phenotypes. A region on 
chromosome 10p (DiGeorge critical region II) has also been 
linked to the syndrome. DiGeorge syndrome is associated 
with distinctive facial abnormalities, cleft lip and/or palate, 
conotruncal cardiac anomalies, and mild-to-moderate 
immune deficiency. Hypocalcemia due to hypoparathyroid-
ism has been reported in 17–60% of affected children [31]. 
DiGeorge syndrome is estimated to occur in as many as 
1:2000–1:3000 births, with the incidence rate of new muta-
tions estimated at 1:4000–1:6000. Because the clinical phe-
notype varies, findings may be subtle and therefore 
overlooked, and mild hypocalcemia may be easily missed. In 
one study of adults with chromosome 22q11.2 deletion, 
about half were hypocalcemic, with a median age of 
 presentation of 25 years and a maximum age of diagnosis of 
up to 48 years [32]. This disorder may rarely be diagnosed 
for the first time as late as the mid-60s, with late onset of 
mild hypocalcemia, and is not infrequently diagnosed in an 
affected parent in the 20s or 30s after birth of an affected 
child.

Finally, a variety of other rare genetic or inherited dis-
orders may cause hypocalcemia that is recognized in 
infancy or childhood. Familial isolated hypoparathyroid-
ism due to autosomal recessive or dominant mutations in 
the pre–proPTH gene on chromosome 11p15 [33, 34], or 
parathyroid gland dysgenesis due to mutations in various 
transcription factors regulating parathyroid gland develop-
ment such as GCMB (glial cells missing B) [35] or GCM2 
(glial cells missing 2) [36], GATA3 [37, 38], or Sry-box 3 
(SOX3) [39], is thought to be very rare. Autosomal domi-
nant hypoparathyroidism associated with deafness and 
renal anomalies has been linked to mutations in the GATA3 
gene on chromosome 10p14-10-pter [37, 38]. 
Hypoparathyroidism has been very rarely associated with 
X-linked recessive mutations on Xq26-27, leading to dis-
ruption of SOX3 transcription [39]. The syndrome of auto-
somal recessive hypoparathyroidism, growth and mental 
retardation, and dysmorphism due to mutations in the 
TBCE gene on chromosome 1q42-q43 is another very rare 

cause of hypoparathyroidism [40]. Hypoparathyroidism 
with metabolic disturbances and congenital anomalies has 
been associated with rare maternal mitochondrial gene 
defects [41, 42].

 PTH Resistance

Pseudohypoparathyroidism (PHP) is a complex disorder 
with several recognized subtypes, characterized biochemi-
cally by hypocalcemia, hyperphosphatemia, and hyperpara-
thyroidism due to tissue unresponsiveness to PTH [43] 
(Table 21.3). Most often hypocalcemia is not present at birth 
and typically develops during childhood. The previous gold 
standard for diagnosis of PHP was the Ellsworth–Howard 
test, in which bovine PTH was infused to determine if uri-
nary cyclic AMP increased normally. In most forms of PHP, 
urinary cyclic AMP does not increase as expected. This test 
is rarely performed today due to lack of bovine PTH, and the 
diagnosis is often based on the constellation of biochemical 
findings, family history when present, and genetic analysis.

PHP is further classified as types 1a, pseudo-PHP, 1b, 1c, 
or 2. In PHP type 1a, the most common subtype, loss-of- 
function mutations in the coding region of the maternally 
inherited GNAS gene encoding the Gsα subunit of G proteins 
causes the disorder, with resultant 50% loss of Gsα protein 
expression [44]. PHP type 1a patients have PTH resistance at 
the renal tubule, resulting in a blunted phosphaturic and 
cAMP response to PTH. This blunted response is due to lack 
of normal signaling by the PTH receptor due to reduced 
stimulatory G protein expression.

PHP type 1a is characterized by Albright’s hereditary 
osteodystrophy (AHO), which includes obesity, round facies, 
mild mental retardation, and a skeletal phenotype involving 
short stature, brachydactyly of hands and/or feet, and hetero-
topic ossifications in subcutaneous tissues. This disorder is 
frequently associated with multiple hormone resistance 
involving thyroid-stimulating hormone (TSH), luteinizing 
hormone (LH), follicle-stimulating hormone (FSH), calcito-
nin, and/or growth hormone-releasing hormone (GHRH).

Patients with PHP type 1a have renal tubule PTH resis-
tance because they inherit a mutated maternally imprinted 
GNAS allele. GNAS alleles undergo differential imprinting in 

Table 21.3 Characteristics of pseudohypoparathyroidism subtypes

Type Gsα activity AHO PTH resistance Urinary cAMP response Multiple hormone resistance Molecular defect
1a Reduced Yes Yes Reduced Yes Heterozygous mutations in GNAS
Pseudo-PHP Reduced Yes No Normal No Heterozygous mutation in GNAS
1b Normal No Kidney Reduced No Imprinting defect in GNAS
1c Normal No Yes Reduced Yes Unknown
2 Normal No Kidney Normal No Unknown

AHO indicates Albright’s hereditary osteodystrophy, cAMP cyclic adenosine monophosphate, PTH parathyroid hormone
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mothers and fathers, with tissue-specific expression of alleles 
in offspring. Only the maternal allele is expressed in the kid-
ney and in the relevant endocrine organs associated with hor-
mone resistance in this form of the disorder, but the rest of 
the body expresses both maternal and paternal alleles. An 
affected allele in other body tissues leads to haploinsuffi-
ciency and AHO expression, but PTH resistance occurs only 
in the tissues expressing the maternal allele.

Patients with paternally inherited GNAS mutations who 
have AHO without renal or endocrine gland resistance are 
designated as having pseudo-PHP. Patients with pseudo-PHP 
have a normal urinary cAMP response to PTH, unlike PHP 
type 1a patients. Patients with both PHP type 1a or pseudo- 
PHP may occur in the same kindred. In some cases both 
forms are found in the same generation, but more often the 
two forms are found in different generations.

PHP type 1b patients lack typical features of AHO but 
may have mild brachydactyly [45]. Levels of Gsα in acces-
sible tissues are normal, but patients have renal tubular PTH 
resistance without resistance to other hormones, although 
some may have mildly increased TSH levels. Skeletal mani-
festations are similar to those seen in patients with hyper-
parathyroidism, with bone loss or changes of osteitis fibrosa 
cystica. Most cases are due to switching of the maternal 
GNAS allele to a paternal pattern of methylation, caused by 
microdeletions in the STX16 gene located 220 kB centro-
meric from GNAS exon 1A, or deletions removing the dif-
ferentially methylated region involving exon NESP55 or 
exons 3 and 4 of the antisense transcript [46]. In both situa-
tions, inheritance of a mutation from a female, or spontane-
ous mutation of a maternally derived allele, removes the 
maternal GNAS epigenotype, leading to transcriptional 
silencing of the Gsα promoter in imprinted tissues, with little 
or no expression of either GNAS allele in these tissues.

Patients with PHP type 1c have normal Gsα activity and 
lack identifiable mutations in GNAS and are thought to rep-
resent a variant of PHP type 1a. PHP type 2 patients have 
normal cAMP production in response to administered PTH 
but lack a phosphaturic effect. Little is known about the 
mutations involved, but because the biochemical picture is 
similar to that of severe vitamin D deficiency, it may be that 
most, if not all, cases of PHP type 2 are due to unsuspected 
vitamin D deficiency.

PTH stimulates the proximal tubule to decrease phos-
phate reabsorption and increase calcium reabsorption in the 
distal tubule. In patients with PHP type 1a, the distal tubule 
phosphaturic effect is blunted, and there is no hypercalciuric 
effect, so these patients do not form kidney stones as might 
be expected. Calcium may therefore be supplemented to a 
greater level than in other causes of hypoparathyroidism 
without contributing to calcium nephrolithiasis [47].

Hypomagnesemia also causes PTH resistance, and there 
is often a lag time to normalization of serum calcium levels 
despite a normal or an increased PTH level after magnesium 
repletion [15].

 Vitamin D-Related Hypocalcemia

Patients with vitamin D deficiency or resistance often 
develop hypocalcemia. Nutritional vitamin D deficiency 
may be the most common cause of hypocalcemia throughout 
the world, resulting from inadequate intake or lack of sun-
light exposure [48]. Intestinal malabsorption of vitamin D 
from many causes may also lead to hypocalcemia. Rare 
cases of vitamin D resistance, either due to 1α-hydroxylase 
deficiency or vitamin D receptor mutations, typically present 
with hypocalcemia. Consequences of hypocalcemia associ-
ated with vitamin D deficiency may be severe, including 
increased risk of hip fracture [49].

 Vitamin D Deficiency

Vitamin D2 (ergocalciferol) is normally obtained from plant 
sources or supplements and vitamin D3 (cholecalciferol) 
from skin sunlight exposure or supplements. Both forms are 
transported in the circulation to the liver by vitamin 
D-binding protein, where they are converted by 
25- hydroxylase to 25-hydroxyvitamin D, and then in a 
smaller amount to the kidneys, where they are 
1α-hydroxylated to 1,25-dihydroxyvitamin D.  Serum 
1,25-dihydroxyvitamin D is the biologically active form of 
vitamin D in the body because of its 1000-fold higher affin-
ity for the vitamin D receptor than 25-hydroxyvitamin D, 
and this form normally stimulates the intestine to actively 
transport calcium and phosphorus from the lumen into the 
bloodstream by upregulating intestinal transport proteins, 
particularly when calcium or phosphorus intake is decreased 
[50]. Serum 1,25- dihydroxyvitamin D also directly sup-
presses PTH transcription in parathyroid cells, leading to 
decreased PTH secretion, as well as stimulating osteoclast 
and osteoblast recruitment and activation in the skeleton. 
This form of vitamin D feeds back to suppress its own pro-
duction by renal 1α-hydroxylase and stimulates 24-hydroxy-
lase to increase its own metabolism. Because increased 
serum PTH, decreased serum calcium, or increased serum 
phosphorus all normally independently upregulate renal 
1α-hydroxylase, hypoparathyroidism leads to reduced renal 
1α-hydroxylase activity and decreased 1,25-dihydroxyvita-
min D production if serum calcium and phosphorus do not 
change to accommodate the decreased PTH level.
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 Illustration: Case 3

A 58-year-old female was seen in hospital after falling at 
home and sustaining a left hip fracture. Her serum calcium 
before fracture repair was 7.6 mg/dL (normal, 8.9–10.1 mg/
dL), with serum phosphorus 2.3 mg/dL (normal, 2.5–4.5 mg/
dL), with her serum creatinine normal at 1.1 mg/dL (normal, 
0.6–1.1 mg/dL). Her serum 25-hydroxyvitamin D was very 
low at 6.6 ng/mL (optimal, 20–50 ng/mL). Her serum PTH 
was increased at 82  pg/mL (normal, 15–65  pg/mL). Her 
serum magnesium was normal at 2.2 mg/dL (normal, 1.7–
2.3  mg/dL). Her findings indicate that she had significant 
vitamin D deficiency as the cause of her hypocalcemia and 
mild hypophosphatemia. Her profound vitamin D deficiency 
was attributed to lack of sunlight exposure and lack of dietary 
or supplemental intake of vitamin D. She had been avoiding 
sunlight to minimize her risk of skin cancer. Vitamin D3 
replacement with 50,000 U twice weekly was started after 
hip surgery for 2 months to replete her vitamin D level.

Any cause of vitamin D deficiency may lead to both 
hypocalcemia and hypophosphatemia, triggering an increase 
in PTH that upregulates renal 1α-hydroxylase. Persistent 
stimulation of PTH secretion by any cause often leads to 
increased serum total and bone alkaline phosphatase and 
bone loss over time. If vitamin D deficiency is severe and 
chronic, this may ultimately lead to excessive production of 
unmineralized collagenous and noncollagenous matrix in the 
skeleton, leading to osteomalacia in adults or rickets in 
children.

It has become appreciated that vitamin D deficiency is 
common in community-dwelling adults in most countries 
[51], as well as in hospitalized patients [52], but the preva-
lence estimate depends on how vitamin D deficiency is 
defined. Most experts consider serum 25-hydroxyvitamin D 
to be the best marker of nutritional vitamin D intake cur-
rently available, with levels below 10  ng/mL (25  nmol/L) 
considered deficient because of the increased likelihood of 
osteomalacia or rickets at this level [53]. Optimal levels 
associated with nutritional adequacy continue to be debated, 
with most bone specialists recommending 30  ng/mL 
(75 nmol/L) for treatment of osteoporosis or metabolic bone 
disease. The 2011 US Institute of Medicine report concluded 
that 20 ng/mL (50 nmol/L) was adequate for maintenance of 
skeletal health in the general population and emphasized that 
optimal vitamin D levels have not yet been established for 
most human diseases [54]. In light of the current controversy 
regarding vitamin D adequacy and optimal levels, vitamin D 
insufficiency is most often defined as levels between 10 and 
20 ng/mL (25–50 nmol/L).

Excessive supplementation with vitamin D by patients is 
increasingly common, frequently leading to hypercalciuria, 
but vitamin D toxicity manifested by hypercalcemia remains 
uncommon. Most bone specialists regard serum 

25-hydroxyvitamin D levels above 80 ng/mL (200 nmol/L) 
with concern, but it is uncommon to see hypercalcemia 
unless serum 25-hydroxyvitamin D is greater than 150 ng/
mL (375 nmol/L).

Any cause that disrupts vitamin D absorption, synthesis, 
transport, interaction with vitamin D receptors in target tis-
sues, or metabolism may lead to a decrease in vitamin D 
actions [48]. Inadequate sunlight exposure, especially in the 
elderly, or those with hyperpigmented skin or using high- 
grade sunblock to prevent sunburn, may develop vitamin D 
deficiency. Any cause of malnutrition, intestinal malabsorp-
tion, chronic liver disease, or mid- or late-stage chronic kid-
ney disease may lead to inadequate vitamin D absorption or 
production. Drugs that upregulate cytochrome P450 enzymes 
that metabolize vitamin D, such as anticonvulsants, includ-
ing phenytoin, phenobarbital, carbamazepine, or valproate, 
may lead to vitamin D deficiency if sunlight exposure or 
dietary or supplemental intake is not sufficient to compen-
sate for increased metabolism [55].

Rare mutations in the CYP27B1 gene affecting the activ-
ity of renal 1α-hydroxylase activity give rise to pseudovita-
min D deficiency rickets, previously known as vitamin 
D-dependent rickets type 1 (VDDR1) [56, 57]. This condi-
tion results in partial or complete deficiency of the 
1α-hydroxylase enzyme, leading to very low levels of 
1,25-dihydroxyvitamin D production, with significant hypo-
calcemia and hypophosphatemia. This condition is diag-
nosed shortly after birth or in infancy with tetany, seizures, 
rickets, and failure to thrive. Nutritional vitamin D deficiency 
causes decreased serum calcium, phosphorus, and 
25-hydroxyvitamin D levels, but serum 1,25- dihydroxyvitamin 
D levels typically remain normal until serum 
25- hydroxyvitamin D levels fall to less than 4  ng/mL 
(10 nmol/L). In this situation, lack of substrate availability 
leads to a decrease in serum 1,25-dihydroxyvitamin D.  In 
pseudovitamin D deficiency rickets, lack of functional 
1α-hydroxylase leads to low serum calcium and phosphorus, 
increased total and bone alkaline phosphatase, normal 
25-hydroxyvitamin D, and very low or undetectable 
1,25-dihydroxyvitamin D levels.

 Vitamin D-Resistant Rickets

Hereditary vitamin D-resistant rickets is a rare autosomal 
recessive genetic disorder previously known as VDDR 
type 2 [58]. This disorder is caused by a mutation in the 
vitamin D receptor that leads to resistance to the action of 
1,25- dihydroxyvitamin D. Mutations have been reported 
in the ligand-binding domain, DNA-binding domain, and 
other domains. Resistance to 1,25-dihydroxyvitamin D 
may be partial or complete. Affected children typically 
present before age 2 years but occasionally as late as their 
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teens, similar to children with pseudovitamin D deficiency 
rickets [59], with tetany, seizures, rickets, and failure to 
thrive. Laboratory assessment shows hypocalcemia, hypo-
phosphatemia, increased alkaline phosphatase, normal 
25- hydroxyvitamin D, and increased 1,25-dihydroxyvita-
min D. Hyperparathyroidism resulting from the hypocal-
cemia stimulates renal 1α-hydroxylase production of 
1,25- dihydroxyvitamin D.  Increased serum 
1,25- dihydroxyvitamin D is the main biochemical feature 
distinguishing this disorder from pseudovitamin D defi-
ciency rickets. Patients have partial or total scalp alopecia 
in two-thirds of the kindreds reported. The level of hypo-
calcemia is variable between kindreds as well. Patients do 
not respond to usual replacement doses of vitamin D or 
calcium but may respond to pharmacological doses of 
vitamin D in some cases, depending on residual vitamin D 
receptor activity. Those with no vitamin D receptor activ-
ity usually require treatment with intravenous calcium 
and/or high-dose oral calcium.

 Other Causes of Hypocalcemia

A variety of heterogeneous causes of hypocalcemia exist 
beyond those commonly recognized to be due to hypopara-
thyroidism or vitamin D deficiency or resistance.

Hyperphosphatemia of any cause, but commonly due to 
later stage chronic kidney disease, may reduce serum cal-
cium by complexing to calcium in the circulation and 
causing soft tissue deposition of calcium phosphate com-
plexes. Renal failure is associated with hyperphosphate-
mia and decreased 1α-hydroxylase activity, leading to 
decreased 1,25-dihydroxyvitamin D production. A variety 
of medications may cause hyperphosphatemia if taken in 
excessive amounts, including phosphate-containing laxa-
tives or enemas or intravenous phosphorus given to lower 
serum calcium. Tumor lysis syndrome and rhabdomyoly-
sis may result in acute hyperphosphatemia and lead to 
acute hypocalcemia.

Transfusions of citrated blood products, usually in large 
quantities, may cause acute hypocalcemia due to the forma-
tion of calcium citrate complexes in the serum. Acute pan-
creatitis releases lipase into surrounding tissue fluids, which 
may lead to increased free fatty acids that saponify calcium, 
resulting in significant hypocalcemia. Excessive uptake of 
calcium by bone that overwhelms homeostatic mechanisms 
in place to maintain normal serum calcium will cause hypo-
calcemia, as seen with “hungry bone” syndrome after surgi-
cal cure of severe, long-standing hyperparathyroidism. Older 
age, higher preoperative serum alkaline phosphatase levels, 
and larger weight of resected adenoma all predict a higher 
risk of “hungry bone” syndrome [60]. Rarely, extensive 
osteoblastic metastases may cause hypocalcemia because of 

rapid uptake and formation of new bone. Critical illness is 
often associated with hypocalcemia because of multiple con-
current causes that may be present [61].

A variety of medications may directly cause hypocalce-
mia by a variety of mechanisms (Table  21.3). 
Pseudohypocalcemia may occur within several hours of 
administration of certain gadolinium-containing contrast 
agents for magnetic resonance imaging studies [62]. In this 
situation, spurious critical hypocalcemia of less than 6.0 mg/
dL may be found because certain gadolinium agents, but not 
all, interfere with calcium measurement in certain colorimet-
ric assays. In this case, rechecking serum calcium by a differ-
ent assay method will usually clarify the diagnosis. Patients 
reported to have critical hypocalcemia in this setting usually 
remain asymptomatic, which should raise suspicion regard-
ing the accuracy of the serum calcium level.

With the increasing recognition and treatment of osteopo-
rosis, many patients are treated with antiresorptive agents 
including oral and intravenous bisphosphonates, denosumab, 
or raloxifene that may precipitate hypocalcemia [63]. It is 
prudent to make sure that such patients are treated with ade-
quate vitamin D and calcium before treating these patients to 
prevent hypocalcemia.

 Laboratory Tests and Interpretation

Evaluation of hypocalcemia depends heavily on laboratory 
studies available to the clinician. Initial laboratory testing 
should include measurement of serum total calcium, albumin 
for calculating albumin-corrected serum calcium, ionized 
calcium if available, magnesium, PTH, and 
25- hydroxyvitamin D levels. Serum phosphorus and creati-
nine should be measured also, as interpretation of the other 
values is often difficult without knowledge of serum phos-
phorus or creatinine levels.

Serum 25-hydroxyvitamin D is generally most reliably 
measured by tandem mass spectroscopy, but this expensive 
technique is not available in many laboratories. Most clini-
cians consider serum 25-hydroxyvitamin D less than 10 ng/
mL (25 nmol/L) to be deficient because of the increased like-
lihood of osteomalacia [53]. The Institute of Medicine con-
siders 20 ng/mL (50 nmol/L) an adequate level for skeletal 
purposes in healthy adults [54]. Serum 25-hydroxyvitamin D 
between 10 and 20 ng/mL (25–50 nmol/L) is considered by 
most bone specialists to be insufficient. The upper limit of 
normal for serum 25-hydroxyvitamin D is considered to be 
50 ng/mL (75 nmol/L) by many bone specialists because of 
the hypercalciuria that may occur above this level. Vitamin D 
toxicity, with associated hypercalcemia, typically does not 
occur unless serum 25-hydroxyvitamin D is greater than 
150 ng/mL (375 nmol/L) but may rarely occur when above 
80 ng/mL (200 nmol/L).
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Measurement of intact PTH by a reliable second- or third- 
generation assay will detect inappropriately low, low–nor-
mal, or undetectable values in hypoparathyroid patients. 
There is less variability in measurement of PTH than 
25-hydroxyvitamin D.  Serum magnesium deficiency or 
excess may both limit secretion of PTH [12, 13], so patients 
with apparent hypoparathyroidism with low serum calcium, 
increased serum phosphorus, normal creatinine, normal 
25-hydroxyvitamin D, and low PTH should always have 
their serum magnesium checked. Patients with hypoparathy-
roidism usually have low serum calcium, increased serum 
phosphorus, normal creatinine, normal 25-hydroxyvitamin 
D, and low-to-undetectable PTH. Patients with pseudohypo-
parathyroidism typically have low serum calcium, increased 
serum phosphorus, normal creatinine, normal 
25- hydroxyvitamin D, and increased PTH.  Patients with 
vitamin D deficiency usually have low serum calcium and 
phosphorus, normal creatinine, and increased PTH.

Measurement of 24-h urine calcium or magnesium may 
be very important in sorting out the cause of hypocalcemia. 
Increased 24-h urine calcium may suggest idiopathic hyper-
calciuria in the untreated patient but is likely due to over-
treatment with calcium or vitamin D supplementation in 
treated hypocalcemic patients. Markedly increased 24-h uri-
nary calcium and asymptomatic mildly decreased serum cal-
cium may be due to autosomal dominant hypocalcemia. 
Untreated hypocalcemic patients usually have decreased or 
low–normal 24-h urine calcium. Increased 24-h urine mag-
nesium in the setting of hypomagnesemia strongly suggests 
renal tubular magnesium wasting, rather than gastrointesti-
nal loss of magnesium.

 Management

Treatment of hypocalcemia is intended primarily to improve 
or eliminate symptoms, reverse skeletal demineralization to 
the degree it is present, heal osteomalacia if present, main-
tain acceptable serum total or ionized calcium, and avoid 
hypercalciuria (24-h urine calcium >300 mg), renal dysfunc-
tion, kidney stones, and nephrocalcinosis [64]. Patients who 
have need for urgent treatment due to symptoms, such as 
tetany, seizures, laryngospasm, bronchospasm, cardiac 
rhythm disturbances, altered mental status, or severe hypo-
calcemia, require intravenous calcium, usually given as cal-
cium gluconate. Typically ten 10-mL ampules of calcium 
gluconate, with 93  mg elemental calcium per ampule, are 
added to 900 mL of 5% dextrose and 10 mL infused slowly 
over 10  min to improve symptoms, with repeat infusion 
given once or twice more as needed. A maintenance infusion 
is then typically begun at 10–100 mL/h to control symptoms 
and improve serum calcium to the lower end of the normal 
range at around 8.5 mg/dL (2.12 mmol/L), with ionized cal-

cium of around 4 mg/dL (1.0 mmol/L). The infusion rate can 
be calculated to give 0.3–1.0 mg elemental calcium/kg/h.

After stabilization of the patient, an oral regimen may be 
started, providing the patient with at least 500 mg elemental 
calcium three to four times a day. The calcium gluconate 
infusion is gradually tapered as serum calcium approaches 
the target level, symptoms improved, and oral calcium sup-
plements are tolerated.

Management of chronic hypocalcemia usually involves 
oral calcium and vitamin D supplementation, sometimes 
with thiazide-type diuretics or magnesium supplementation. 
If serum magnesium levels are decreased, magnesium total 
body deficits are usually very large, but poorly reflected by 
the serum magnesium level, because magnesium is mostly 
located intracellularly. Supplementation with magnesium 
usually takes months to fully replete body stores. As serum 
magnesium is gradually repleted, serum calcium and PTH 
levels return toward normal.

Oral calcium supplements of any type will restore serum 
calcium toward normal. In general, calcium carbonate or cal-
cium citrate is used most commonly because they are widely 
available and relatively inexpensive. Calcium carbonate is 
40% calcium by weight and calcium citrate 21% calcium by 
weight. Calcium supplements are usually given in divided 
doses each day, typically between two and four times a day, 
with dosing given with meals to enhance absorption. Starting 
doses are usually 500–1000  mg elemental calcium two or 
three times each day and titrated upward as needed based on 
the tolerability, compliance, and clinical target. If calcium 
supplementation alone is insufficient to achieve serum cal-
cium of 8.0–8.5 mg/dL (2.0–2.13 mmol/L), active vitamin D 
supplementation is usually started. If renal function is nor-
mal, vitamin D2 (ergocalciferol) or D3 (cholecalciferol) may 
be started at 1000–4000 International Units each day, or 
alternatively, 50,000 International Units once weekly to sev-
eral times a week as needed, depending on intestinal absorp-
tion efficiency. Severe hypoparathyroidism or PHP typically 
require higher doses of vitamin D. Care must be taken with 
these forms of vitamin D, however, as their half-life is pro-
longed due to storage in body fat, and toxic serum levels of 
25-hydroxyvitamin D may take 6–9  months to clear after 
supplementation is stopped. Because of concerns regarding 
toxicity, calcitriol (1,25-dihydroxyvitamin D) 0.25 μg once 
or twice a day is often started in place of vitamin D2 or D3 in 
the USA, whereas alfacalcidol (1α-hydroxyvitamin D) in 
low doses is used in Europe. The half-life of these forms of 
vitamin D is on the order of 1–3 days, so improvement in 
absorption or offset of action occurs more rapidly. 
Commercial parenteral vitamin D is no longer available in 
the USA, but some hospital-compounding pharmacies pro-
duce intravenous vitamin D3 based on clinical need.

Patients who develop hypercalciuria while on calcium 
and vitamin D supplementation, or who are unable to achieve 

21 Hypocalcemia



228

or maintain serum calcium at or near their target range, may 
require addition of a thiazide-type diuretic to reduce urinary 
calcium loss. Doses of hydrochlorothiazide or chlorthali-
done of 12.5–25 mg each day may be beneficial, but some 
patients may require as much as 50 or 100 mg to decrease 
their 24-h urine calcium to less than 300 mg.

Once- or twice-daily injections of PTH 1–34 (teriparatide 
or other) have been used off-label in short-term trials to nor-
malize serum and urine calcium and phosphorus in patients 
with hypoparathyroidism [64–66]. This therapy has not been 
approved by the FDA for treatment of hypoparathyroidism. 
A pivotal 6-month phase III clinical trial with recombinant 
human PTH 1–84 (Natpara) was published in 2013 [67], 
with FDA approval as an adjunct for treatment of hypopara-
thyroidism in January 2015 and approval in Europe in April 
2017. Guidelines for use of recombinant human PTH 1–84 in 
hypoparathyroidism have recently been published [68, 69].

Parathyroid allograft transplants have been used in a few 
individuals who either previously or simultaneously have 
undergone renal transplantation [70, 71]. Advances in stem 
cell technology may eventually permit stem cells to be used 
to create new parathyroid tissue in patients where it is 
lacking.

Patients with pseudovitamin D deficiency rickets 
(VDDR1) respond to physiologic doses of 
1,25- dihydroxyvitamin D3 and calcium and require lifelong 
therapy. Patients with hereditary vitamin D-resistant rickets 
(vitamin D-dependent rickets type 2) are challenging to man-
age, because pharmacologic doses of 1,25-dihydroxyvitamin 
D3 are usually required to overcome resistance. Calcium 
supplements of up to 3000  mg elemental calcium may be 
required. Therapy is continued until undermineralized bones 
are mineralized, typically within 2–6 months. Close follow-
 up is necessary to monitor parameters of calcium and min-
eral metabolism and clinical signs and symptoms. Some 
cases have failed to respond to this therapy despite 
1,25- dihydroxyvitamin D3 levels more than 100 times nor-
mal. Long-term calcium infusions in combination with high- 
dose oral calcium supplements have been used successfully 
in this situation.
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 Epidemiology

Primary hyperparathyroidism is not a rare disease [1–4]. The 
prevalence ranges from 0.4 to 82 cases per 100,000. In the 
study by Eufrazino et al., a prevalence of 0.78% was found, 
of which 81.8% were asymptomatic [5]. In addition, in 
recent years, there has been an increase in the diagnosis of 
PHPT, explained in part by the increase in requests for serum 
PTH. Yeh et al., observed a threefold increase in PHPT prev-
alence between 1995 and 2010 [6]. It is more common in 
subjects over 50 years of age and in postmenopausal women.

 Etiology

The solitary parathyroid adenoma appears in 85–90% of the 
cases [3, 7]. Hyperfunction in several parathyroid glands 
associated with hyperplasia and multiple adenomas occurs in 
most other cases [1]. In this context, it is important to men-
tion that the disorder in multiple glands represents the most 
usual finding in subjects who have the primary hyperpara-
thyroidism (PHPT) familial syndromes, corresponding to 
about 10% of cases [7]. On the other hand, parathyroid 

 carcinoma occurs rarely, accounting for 0.7% of all cases [3]. 
Furthermore familial PHPT is related to several pathological 
entities, such as multiple endocrine neoplasia type 1 (MEN1), 
type 2A (MEN2A), and type 4 (MEN4), familial hypocalciu-
ric hypercalcemia, familial hypercalciuric hypercalcemia, 
jaw tumor hyperparathyroidism syndrome, familial isolated 
hyperparathyroidism, and neonatal severe hyperparathyroid-
ism [8–10] (Table 22.1).

MEN1 can be considered a rare cause of PHPT, the inci-
dence of MEN1 being about 2–4% of PHPT cases. However, 
PHPT is the most common endocrinopathy in the MEN1 
syndrome: it is found in almost 100% of the patients over 
50 years of age and constitutes the first sign of the disease in 
most carriers in their 20s [8]. The diagnosis of PHPT in 
young adults should therefore include the search for MEN1. 
The search for MEN1 should also be conducted in the imme-
diate family. The prevalence of PHPT in MEN2 is lower than 
in MEN1 and is found in 20–30% of cases. Furthermore, the 
majority of patients with PHPT present clinical manifesta-
tions that are more discrete than the clinical signs demon-
strated by MEN1 carriers [11].

The jaw tumor hyperparathyroidism syndrome is a rare 
disease. Evidence shows that bone tumors of the jaw related 
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Table 22.1 The genetic syndromes associated with primary 
hyperparathyroidism

Familiar syndrome Clinical features Genes
Multiple endocrine 
neoplasia type 1 (MEN1)

PHPT, pituitary adenomas, 
pancreatic adenoma tumors

MEN1

Multiple endocrine 
neoplasia type 2A 
(MEN2A)

PHPT, medullary thyroid 
cancer, pheochromocytoma

RET

Multiple endocrine 
neoplasia type 4 (MEN4)

PHPT, anterior pituitary 
tumors, pancreatic 
neuroendocrine tumors

CDKN1B 
(p27)

Familial isolated 
hyperparathyroidism

Isolate PHPT    MEN1
   CASR
   GCM2

Hyperparathyroidism—Jaw 
tumor syndrome

PHPT, often parathyroid 
carcinoma, jaw tumors

CDC73

Adapted from Ref. [9]
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to PHPT can be outlined [12]. Parathyroid cancer has been 
also detected in more than 15% of cases [12].

Parathyroid carcinoma is a rare disease, accounting for 
less than 1% of cases. It may occur in young patients and 
usually presents with severe hypercalcemia and much greater 
PTH levels when compared to classic primary hyperparathy-
roidism. Severe disease such as osteitis fibrosa cystica, 
osteoporosis and multiple fractures are common. The histo-
pathological diagnosis is difficult, due to its similarity to the 
adenoma. Presence of mitoses, cellular pleomorphism, vas-
cular invasion, and invasion of adjacent tissue may facilitate 
differentiation [9, 10]. The genetic pathogenesis of PHPT is 
unclear in most cases. Some genes have been identified and 
are shown in Table 22.1.

 Diagnosis

In familial isolated hyperparathyroidism, cases of PHPT are 
diagnosed in the immediate family in the absence of other 
endocrinopathies; this characterizes the phenotype as a hid-
den syndrome, such as MEN1 and MEN2 [1].

Hypercalcemia and an increase in PTH levels constitute 
the biochemical markers of PHPT. In normal conditions of 
hypercalcemia, there is an inhibition of the parathyroid 
glands. This inhibition is translated by low levels of PTH [7].

The majority of patients with PHPT present slightly 
increased levels of PTH, but up to 10% of the cases can 
exhibit normal to upper normal levels of PTH [13, 14]. 
Nevertheless, these levels are inappropriately high because 
of the hypercalcemia. Hypercalcemia is found in most of the 
cases of PHPT, but one has to consider the possibility of fluc-
tuations in the levels of serum calcium, which could explain 
the normal levels of calcemia [13].

Diagnosis includes the evaluation of serum concentra-
tions for calcium, phosphorus, albumin, alkaline phospha-
tase, intact PTH, 25 (OH)-D vitamin, and renal function [13, 
14]. 24-h urinary calcium and the serum levels of creatinine 
must be evaluated in order to rule out the possibility of famil-
ial hypocalciuric hypercalcemia [15, 16].

About 40% of serum calcium is linked to albumin. Serum 
levels must be adjusted according to the following equation: 
corrected calcium  =  serum calcium (mg/
dL) + [0.8 × (4 − serum albumin)]. The measurement of the 
ionized calcium can be useful in specific cases, such as sub-
jects with hyperalbuminemia, thrombocytosis, Waldenstrom’s 
macroglobulinemia, and myeloma, since in these subjects 
there is hypercalcemia with normal ionized serum calcium 
(artifactual hypercalcemia) [15, 17].

In a retrospective cohort with 6982 subjects, the serum 
ionized and total calcium were compared in patients with 
hypercalcemia. PTH-dependent hypercalcemia was set as 
total serum calcium (corrected by albumin) equal to or 

greater than 10.2 mg/dL or ionized calcium (technique of 
specific ion electrode) equal to or greater than 1.32 mmol/L 
with the PTH >5  pmol/L (35  pg/mL; reference values 
0.9–9 pmol/L). Among these subjects, 343 had high ion-
ized calcium, and 156 (45%) had high total calcium. In a 
second cohort with 203 subjects, 143 presented histologi-
cally confirmed PHPT: high ionized serum calcium was 
present in 141 cases (98%) and, lastly, increased total 
serum calcium in 108 (76%), demonstrating a greater 
diagnostic accuracy when ionized serum calcium was 
used [18].

A cohort study, based on the population of Tayside in 
Scotland, used the following criteria to diagnose primary 
hyperparathyroidism: (1) serum calcium corrected for albu-
min >10.22 mg/dL (reference values: 8.4–10.22 mg/dL) on 
at least two occasions, with serum PTH >13.5 ng/L (refer-
ence values: 4.5–31.05 ng/L), or (2) serum calcium corrected 
for serum albumin >10.22  mg/dL on one occasion with 
serum PTH >31.05 ng/L [19]. These values of serum PTH 
correspond to 20  pg/mL for assays with reference values 
between 10 and 65 pg/mL.

The causes of secondary hyperparathyroidism that can 
increase the serum levels of parathormone, such as the use of 
thiazide diuretics [14] and lithium, deficiency of vitamin D, 
and the use of bisphosphonates, must be excluded. 
Concerning tertiary hyperparathyroidism due to renal fail-
ure, genetic causes such as familial hypocalciuric hypercal-
cemia also need to be sought. The finding of normal levels 
for calcium corrected by albumin and associated with high 
serum PTH in the absence of other causes is compatible with 
normocalcemic PHPT.

Serum PTH and the biochemical markers of the bone 
remodeling are significantly higher in patients with severe 
disease. These patients frequently have vitamin D deficiency 
and easier localization of the parathyroid lesion than asymp-
tomatic patients [3].

The levels of serum phosphorus are usually found to be in 
the lower normal range. Specific markers of bone modeling 
(osteocalcin and alkaline phosphatase osteo-specific) or 
markers of bone resorption (deoxypyridinoline, 
N-telopeptide, and C-telopeptide) seem to remain either in 
the high-normal range or slightly above reference values. 
Hypercalciuria is found in around 30% of asymptomatic 
patients, in 50% of patients with active urolithiasis, and in 
40% with osteitis fibrosa cystica [3, 14]. Patients with severe 
PHPT have moderate levels of serum calcium and lower lev-
els of serum phosphorus as compared to asymptomatic sub-
jects (14.0 ± 0.7 vs. 10.9 ± 0.4 mg/dL; p < 0.001 and 2.0 ± 05 
vs. 296 ± 0.2 mg/dL; p < 0.01, respectively). In the serum 
levels of intact PTH, there are greater differences: 1820 ± 349 
vs. 133 ± 29 pg/mL; p < 0.001 [20].

Serum PTH and the biochemical biomarkers of the bone 
remodeling are significantly higher in the patients with 
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severe disease, who frequently present vitamin D deficiency 
and easier localization of the parathyroid lesion than asymp-
tomatic patients [21].

 Differential Diagnosis

PHPT needs to be differentiated from other causes of hyper-
calcemia (Table  22.2), as well as from diseases that can 
cause osteoporosis, nephrolithiasis, nefrocalcinosis, and 
hypophosphatemia. PHPT and neoplasia correspond to 90% 
of hypercalcemia cases. Data from the literature shows that 
50–60% of outpatients with hypercalcemia are carriers of the 
PHPT and about 31% present neoplasia [22].

Hypercalcemia with very low or undetectable PTH 
plasma levels can be found when the disease is malignant, 
and, in this case, the PTHrp is responsible for the increase in 
calcium [12]. Several laboratory characteristics associated 
with malignity are similar to those of PHPT, such as hyper-
calcemia, hypophosphatemia, hypercalciuria, and hyper-
phosphaturia and an increase in the nephrogenic cyclic AMP 
[23]. However, the difference between primary HPT and the 
malignant disease with hypercalcemia can be identified 
without difficulty, based on the clinical history of the patient. 
The hypercalcemia symptoms of PHPT are manifested over 
months or years, while in malignancy these symptoms are 
manifested within weeks and are secondary to the underly-
ing malignant disease. Thus, hypercalcemia in malignant 
disease is readily revealed and is frequently associated with 
a survival of about 6  months. Other related symptoms are 
anemia and weight loss. In general, when hypercalcemia is 
found, malignancy is clinically revealed by imaging tech-
niques or bone metastasis presented by the patient. In addi-
tion to these parameters, persistent hypercalcemia of early 
onset suggests malignancy, while a mild hypercalcemia last-

ing for more than 6 months is more likely to be caused by 
PHPT.

The definitive differential diagnosis is performed by 
means of serum PTH measurement. In PHPT, when PTH is 
increased or within normality, the condition may be regarded 
as PTH-dependent hypercalcemia but is frequently sup-
pressed in malignant disease, which is independent of PTH 
[17]. In rare cases, PTH can be increased in malignancy due 
to ectopic production or when parathyroid carcinoma is the 
cause of the hypercalcemia [24].

Another differential diagnosis that should always be 
demanded is that of familial hypocalciuric hypercalcemia, 
which is characterized by a genetic defect in the calcium 
receptors in the parathyroid glands and kidneys, inherited as 
a dominant autosomal disorder [8]. The hypercalcemia is 
mild and followed by hyperphosphatemia, and levels of PTH 
are normal or slightly increased. The most pronounced labo-
ratory finding is hypocalciuria, which suggests increased 
tubular resorption of calcium. This diagnosis is considered in 
young asymptomatic patients that present (1) levels of serum 
calcium with a slight-to-moderate increase, (2) hypocalci-
uria, (3) a familial history of hypercalcemia, and (4) a rate of 
calcium/creatinine clearance of less than 0.01 [2, 9].

 Normocalcemic Primary 
Hyperparathyroidism

Patients that undergo routine evaluations during an investiga-
tion for bone loss may have increased levels of PTH, even 
without hypercalcemia [25].

The term normocalcemic primary hyperparathyroidism 
(NPHPT) was first used by Wills in 1960, who described a 
group of patients having characteristics different to those 
diagnosed with classic PHPT [26].

Table 22.2 Differential diagnosis of hypercalcemia

1. Malignancies Solid tumors Solid tumors Hematologic malignancies 
(lymphoma, leukemia, 
multiple myeloma)

Ectopic production of PTH 
(thyroid carcinoma, ovarian, 
lung oat cells)

Osteolytic hypercalcemia (breast, 
lung)

Humoral 
hypercalcemia 
(carcinomas)
Squamous lung, 
esophagus

2. 
PTH-dependent

NEM PHPT: Familial hypercalciuric 
hypercalcemia (FHH)

Treatment with lithium
   (a) Adenoma
   (b) Carcinoma
   (c) Hyperplasia

3. Related to 
vitamin D

Idiopathic familial 
hypercalcemia

Granulomatous diseases Vitamin D intoxication –

4. Other causes Milk–alkali syndrome, 
aluminum intoxication

Endocrine diseases 
(hyperthyroidism, 
pheochromocytoma, adrenal 
insufficiency)

Advanced chronic disease of 
the liver/kidney

Drugs:
Thiazide
Theophylline
Beryllium

Adapted from Refs. [21, 22]
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NPHPT is characterized by levels of serum calcium 
that remain normal, while PTH levels are high [27–29]. 
Since there is a greater availability and utilization of 
assays for the evaluation of this hormone, this condition 
has been frequently diagnosed. However, examining for 
other causes of secondary hyperparathyroidism, espe-
cially 25- hydroxyvitamin D deficiency, malabsorption 
syndromes, renal insufficiency, primary hypercalciuria, 
use of medications such as lithium, thiazide diuretics, and 
bisphosphonates, is necessary to confirm the diagnosis 
[13, 28].

Little is known about the epidemiology of NPHPT. In a 
village in southern Italy, the prevalence of NPHPT in the 
population above 18 years of age was 0.44% [30]. Another 
study with 156 female patients diagnosed with osteoporosis 
was observed in 14% of patients with normocalcemic pri-
mary hyperparathyroidism [28]. A pre In Sweden, Lundgren 
et al. studied 5202 postmenopausal women aged 55–75 years. 
In the 109 subjects studied, the researchers investigated two 
indices, observing whether the patients presented hypercal-
cemia associated with increased levels of PTH and higher 
levels of either hypercalcemia or PTH. Seventeen (16%) out 
of the 109 subjects studied had normal levels of serum cal-
cium (<9.9  mg/dL) and increased PTH.  This group of 17 
subjects included people that had vitamin D deficiency as 
well as patients with NPHPT [31].

Some complications, such as nephrolithiasis, may be 
present in some frequency as hypercalcemic PHPT [28, 32, 
33].

It remains debatable whether NPHPT incipiently repre-
sents classic PHPT or a different spectrum of this pathology 
[28]. Evidence suggests that patients without secondary 
causes of hyperparathyroidism may have early-stage PHPT 
since, if the disease is diagnosed early, it can progress with 
isolated increased serum PTH, which may or may not be fol-
lowed by an increase in serum calcium. For these patients, 
serum calcium should be periodically evaluated during the 
development of the disease [29, 34].

 Skeletal Manifestations

The skeletal complications of PHPT are well-known. Among 
the classic symptoms, these complications are considered the 
most familiar consequences of PHPT. The clinical presenta-
tion may include focal or widespread bone pain, localized 
bone edema (“brown tumors”), and fragility fractures [25].

Intense bone demineralization is seen in X-rays of patients 
with this severe disease. Pathological fractures are frequently 
seen, especially in the long bones of the lower extremity, and 

also loss of the lamina dura of the teeth and brain lesions in 
the salt-and-pepper pattern which refers to the speckled 
appearance of the tissue. Subperiosteal bone erosions in the 
distal phalanges and on the edges of the medial phalanges 
are usually seen as numerous lytic lesions with irregular 
sclerotic margins, which are more common in the pelvis, 
long bones, and shoulders. The cortical bone of the long 
bones is extremely thin and in some patients is almost absent 
[21].

Bone densitometry is a useful tool for investigating the 
classic effects of PTH, such as reduction in bone mineral 
density (BMD) in the distal radius, the site of the cortical 
bone. The catabolic ability of PTH on the cortical bone is the 
opposite of its anabolic effect on cancellous bone. In the 
lumbar spine, the site of cancellous bone, BMD seems to be 
normal. The hip contains a more uniform mix of cortical and 
cancellous bone elements, and the BMD is classified as 
being of an intermediate density between the distal radius 
and the lumbar spine. Although this classic densitometric 
profile is usually seen as a distinct pattern characterized by 
vertebral osteopenia, it can also be seen at the moment of 
diagnosis. In the more severe types of PHPT, there is an 
overall decrease in bone density [35].

The prevalence of PHPT and its impact on BMD were 
evaluated in 3014 men aged 69–81 years in a Swedish cohort, 
MrOs. Subjects with a low glomerular filtration rate (<21 mL/
min/1.73 m2) and vitamin D deficiency (<50 nmol/l) were 
excluded from the study. BMD was compared between 
patients with and without PHPT. The prevalence of PHPT 
was estimated to be 0.73%. BMD in the total hip and femur 
neck was lower among the PHPT group than in the control 
group. Subjects with high levels of intact PTH were com-
pared with the other subjects from the cohort. For that sub-
group, BMD was lower for the total hip and lumbar spine 
(p < 0.05) [36].

A controlled clinical trial compared two groups: (1) carri-
ers of mild PHPT that were submitted to parathyroidectomy 
(n  =  25) and (2) patients that had an intact parathyroid 
(n = 28). After 24 months, there was a significant increase in 
the BMD in the femur neck and total hip, but not in the lum-
bar spine or forearm of patients submitted to parathyroidec-
tomy when compared with those that did not undergo a 
parathyroidectomy. There was also a decrease in the bio-
chemical markers of bone remodeling after parathyroidec-
tomy [37]. Another study with 11 patients, including a 5-year 
follow-up after parathyroidectomy, showed a significant 
BMD increase in the lumbar spine. However, neither the hip 
nor the distal radius showed any BMD increase when com-
pared to baseline values. They also observed a reduction in 
the markers for bone remodeling [38].
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 Extraskeletal Manifestations

 Neuropsychiatric Symptoms

In addition to skeletal manifestations, PHPT may be associ-
ated with alterations in other organ systems within the body. 
Neuropsychiatric symptoms can occur in about 23% of 
patients with PHPT, such as fatigue, difficulty concentrating, 
irritability, and mood and sleep disorders [39]. Since few 
studies have evaluated the prevalence of these manifesta-
tions, they remain uncertain [40]. A case–control study com-
pared 39 postmenopausal patients with mild PHPT and 89 
women without PHPT. This study revealed a higher preva-
lence of depression and anxiety and a higher performance on 
tests for verbal and nonverbal memory in the PHPT carriers. 
Also observed was the fact that depressive symptoms, non-
verbal abstraction, and aspects of the verbal memory were 
significantly improved after parathyroidectomy [41]. 
Peripheral neurological alterations, especially sensory–
motor polyneuropathy and PHPT, have been suggested by 
some authors [42, 43]. Recent data report clinical improve-
ment after surgical treatment, which is recommended in 
patients that have neurological symptoms related to PHPT 
and do not present any contraindication for surgery [44].

 Cardiovascular Symptoms

The literature shows a relationship between PHPT and 
abnormalities such as arterial hypertension, left ventricular 
hypertrophy, abnormal heart function, coronary artery dis-
ease, vascular abnormalities, conduction disorders, and val-
vular and myocardial calcification [45]. The mechanism for 
this aforementioned relationship remains uncertain, but it 
has been shown that morbidity and the risk of cardiovascular 
death are greater in PHPT carriers. This is mainly observed 
in patients with the mild to severe form of the disease [46]. 
On the other hand, parathyroidectomy decreases cardiovas-
cular risk, as shown in a number of population studies, even 
with mild forms of the disease. Surgery is therefore indicated 
in all patients with PHPT and other factors of cardiovascular 
risk [47, 48].

 Renal Manifestations

Nephrolithiasis and nefrocalcinosis are major complications 
of primary hyperparathyroidism. Hypercalcemia leads to 
increased filtered calcium load on the glomerulus, leading to 
hypercalciuria, increasing the risk kidney stones. Although 
high levels of parathyroid hormone stimulate renal resorp-
tion of calcium, renal excretion exceeds resorption. However, 

hypercalciuria may not be the only factor for the onset of 
nephrolithiasis. Studies have shown that PTHP patients may 
present polymorphisms in the gene that encodes the calcium- 
sensing receptor or CaSR, which is present in the parathy-
roid glands and in the kidney, modulating PTH actions. 
CaSR influences renal phosphate homeostasis, urinary acidi-
fication, and in urine concentration. This may explain the 
occurrence of nephrolithiasis in normocalcemic patients 
[49]. Nefrocalcinosis and nephrolithiasis are also clinical 
manifestations of asymptomatic and NPHPT. From the expe-
rience of our group, a recent study demonstrated an 18.2% 
rate of nephrolithiasis in NPHPT patients, as well as in the 
hypercalcemic modality (18.9%), may have shown a non- 
indolent presentation [50]. A recent study from our group 
found a prevalence of 20% for occult nephrolithiasis in 
NPHP patients [32].

 Localization of Parathyroid Lesions

Imaging examinations are not indicated for the diagnosis of 
PHPT. The location of the affected parathyroid is an indica-
tion for surgery and can permit the use of less invasive tech-
niques, which is associated with a lower morbidity rate [51]. 
Ultrasonography and Sestamibi scintigraphy are the most 
common techniques used for PHPT diagnosis (Figs.  22.1 
and 22.2). Cervical ultrasonography is a low-cost examina-
tion, as well as noninvasive. When performed by an experi-
enced examiner, it presents a sensitivity and specificity of 
88% and 94%, respectively [52]. In cases of ectopic glands 
or an intrathyroid adenoma, identification and differentiation 
of thyroid nodules can be difficult. Thus, ultrasonography 
coupled with 99mTc-labeled Sestamibi scintigraphy 
increases the chance of identification to almost 100% of the 
lesions [53]. These two methods are complementary, since 
ultrasonography provides anatomic information, while the 
scintigraphy provides functionality data.

Scintigraphy is able to identify the topic and ectopic para-
thyroid tissues. A study with 64 PHPT patients presented 
positive scintigraphy in 64% of the patients that had asymp-
tomatic PHPT and 83% of the group that carried nephroli-
thiasis without bone involvement. That same study showed 
that 100% of the subjects with the severe disease presented 
positive scintigraphy as well, but in this case it was charac-
terized by osteitis fibrosa cystica. These results were found 
when the imaging was evaluated early, which occurred in 
70% of the cases analyzed [53] (Fig. 22.3). A small number 
of patients may have negative imaging, which suggests mul-
tiglandular disease. In these cases, the use of the most 
advanced imaging techniques may be necessary to increase 
the chances of localizing the affected parathyroid and ecto-
pic tumors and also assist in the decision to proceed with 
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surgery. Four-dimensional computed tomography was able 
to localize the adenoma with 82 and 92% sensitivity and 
specificity, respectively, in 34 PHPT patients [54]. A retro-
spective trial found almost 100% specificity in the diagnosis 
of multiglandular disease in 35 patients evaluated; however, 
the sensibility was much lower (42.9%). As regards the 
localization of only one lesion, they were able to identify 32 
cases with a sensibility of 91% [55]. The preoperative local-
ization of an adenoma allows the use of minimally invasive 
parathyroidectomy (MIP) with lower morbidity and can be 
done in an outpatient facility [55].

One of the main disadvantages of imaging examina-
tions is the high incidence of false-positive results due to 
the size and localization of the parathyroid affected. As a 
result, fine- needle aspiration of the nodule that was identi-
fied by imaging for measurement of PTH in the aspirated 
material has become an auxiliary method for diagnosing 
lesions, as shown by a study performed by our group. A 
group of 15 women without PHPT, who had nodules iden-
tified by  ultrasonography, showed very high PTH levels, 
presenting a mean of 4.919 ± 5.124 pg/mL, while the con-
trol group had a mean of 10.65 ± 3.49 pg/mL. This tech-

Fig. 22.1 Tc-99-Sestamibi scintigraphy showing a right inferior parathyroid lesion
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nique showed a greater sensitivity in locating the affected 
gland than the use of imaging alone [56]. The main meth-
ods for locating parathyroid lesions are shown in 
Table 22.3.

 Indications for Parathyroidectomy in PHPT

Parathyroidectomy is the treatment of choice for patients 
with PHPT, but indicating surgery for subjects in whom a 
parathyroid lesion was not found may need some criteria. 
The aim of surgery is to provide treatment by removal of the 
affected parathyroid. This occurs in 95–98% of the patients 
operated on by an experienced surgeon, with the number of 
complications being low. According to the Fourth 
International Workshop, surgery is indicated for asymptom-
atic patients if there is a greater benefit than with drug 
 treatment [57, 58]. Table 22.4 lists the conditions in which 
surgery is particularly indicated.

For patients with normocalcemic primary hyperparathy-
roidism, surgery is indicated for those, who present with 
complications such as kidney stones and osteoporosis [58].

With regard to the minimal significant alterations in the 
bone loss rate during the natural disease progression, asymp-
tomatic PHPT patients who do not meet the criteria for sur-
gery or patients that have some contraindication should have 
their BMD monitored by biannual bone densitometry (dual- 
energy X-ray absorptiometry—DXA) [57]. The patients with 
a vitamin D deficiency (serum levels of 25-OHD below 20 ng/
mL) should receive adequate replacement, in accordance with 
the recommendations for patients without PHPT [46].

Randomized studies [41, 59, 60] have demonstrated the 
benefits on the quality of life and on BMD of asymptomatic 
patients submitted to surgery. Even though these studies 
were randomized, they had a short follow-up period. Finally, 
another important point about MIP is that this procedure 
yields excellent t results, produces few complications, and 
decreases the cost of a surgical procedure [61].

Fig. 22.2 Cervical ultrasound from the same patient in Fig. 23.1
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Fig. 22.3 99mTc-Sestamibi scintigraphy showing a large parathyroid adenoma

Table 22.3 Localization procedures for the identification of parathy-
roid adenoma

Methods
Sensitivity 
(%)

Specificity 
(%)

Cervical ultrasonography (US)/
Doppler US

88/97 94/100

Computed tomography fourth 
dimension

82 92 a 100a

Technetium-99 m Sestamibi 
scintigraphy

90b 100

PTH measurement in aspiration fluid 
(FNAc)

100 100

Adapted from Refs. [51–54]
aThe specificity for multiglandular disease is close to 100%
bThe sensitivity increases in more serious cases being close to 100% in 
patients with osteitis fibrosa cystica. The accuracy is lower in multi-
glandular disease
cFNA fine-needle aspiration

Table 22.4 Surgical indications for asymptomatic primary 
hyperparathyroidism

Nephrolithiasis
Osteitis fibrosa cystica
Asymptomatic primary hyperparathyroidism associated with one or 
more of the following conditions:
   Serum calcium >1 mg/dL above ULNa

   Age < 50 years
   T-score < −2.5 at the lumbar spine, hip, and/or distal radius
   Vertebral fracture by X-ray, CT, MRI, or VFA or deteriorated 

Trabecular Bone Score
   Estimated Glomerular Filtration Rate (Creatinine clearance) 

<60 mL/min/1,73 m2

   24-h urine for calcium>400 mg/d (>10 mmol/d)
   Presence of nephrolithiasis or nefrocalcinosis by X-ray, 

ultrasound, or CT
   Patients whose medical monitoring is not possible

Adapted from Refs. [57, 58]
aULN upper limit of normality
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 Surgical Techniques

Bilateral cervical exploration is the traditional surgical tech-
nique and consists of the evaluation and removal of the 
affected parathyroid glands. However, the morbidity, surgi-
cal duration, and risks of complications are greater. The early 
localization of the lesion therefore allows the use of MIP as 
mentioned above [61].

A prospective, randomized, and blinded study compared 
MIP with conventional parathyroidectomy in 48 patients 
with PHPT. In the group submitted to MIP, there was a lower 
pain intensity in the postoperative period (p < 0.001), less 
use of analgesics (p < 0.001), a lower rate of anesthesia pro-
cedures (p < 0.001), a smaller scar (p < 0.001), and greater 
aesthetic satisfaction postoperatively at 2  days, 1  month 
(p < 0.01), and 6 months (p < 0.05); however, 1 year after 
surgery, aesthetic satisfaction was no longer significantly dif-
ferent in the two groups(p = 0.38). On the other hand, there 
was a higher cost with MIP and no significant difference in 
the quality of life in either group 6 months after the surgical 
procedure [62].

 Intraoperative PTH Monitoring

This procedure is used during MIP for the treatment of 
PHPT.  As regards the time frame for intraoperative PTH 
monitoring, this is performed after the anesthesia, before the 
skin incision, and 10 minutes after removal of the enlarged 
gland [63]. One can observe a fall of less than 50% in the 
PTH levels, when compared with the baseline values. This 
fall of less than 50% shows the risk of persistent disease. 
Several studies have analyzed how useful the intraoperative 
PTH evaluation can be, and they suggest that this measure-
ment should be indicated in cases (1) that present only an 
imaging study during preoperative care of positive MIP, (2) 
when the imaging studies for preoperative localization are 
discordant, and (3) of reoperation [63–66].

 Medical Therapy

Drug therapy is indicated for patients contraindicated for 
surgical treatment, those with therapy failure, and patients 
that either do not want the surgical procedure or did not meet 
the current criteria. Among the options to replace a surgical 
procedure is cinacalcet, which acts as a calcimimetic and is 
able to decrease the PTH release. Other options are an anti-
resorptive agent which inhibits bone remodeling, for exam-
ple, a bisphosphonate, hormone therapy, and selective 
modulators of estrogen receptors [46].

 Calcimimetic Agents

Calcimimetic agents are drugs that can increase the sensitiv-
ity of the calcium-sensing receptor to extracellular calcium, 
which results in a reduction of PTH. The first calcimimetic 
developed was a derived phenylalkylamine (R-568); how-
ever, it had low availability and a high variability of response. 
As a result, cinacalcet hydrochloride, with higher availability 
and a lower pharmacologic variability, was developed [67]. 
Studies show that cinacalcet decreases PTH levels by up to 
50% and is thus able to regulate serum calcium in approxi-
mately 80% of treated patients [67]. The recommended start-
ing dose for PHPT is 30  mg once daily which may be 
adjusted up to 300 mg/day [67].

A multicenter, randomized, double-blind, placebo- 
controlled study evaluated 78 patients with PHPT to ascertain 
the long-term ability of cinacalcet to reduce serum calcium 
and PTH. The patients received a dose starting at 30 mg, twice 
a day; if there was a persistent hypercalcemia, the dose was 
increased to 40–50  mg during a 12-week period. The final 
dose was maintained for 12 weeks, and patients were followed 
for another 28  weeks. Two doses per day of cinacalcet 
decreased serum calcium by 0.5 mg/dL or more and normal-
ized (calcium <10.3 mg/dL) in 73% patients treated during a 
maintenance phase and also decreased levels of PTH by 7.6% 
over the same period [68]. Serum calcium levels remained 
normal and PTH remained lowered for up to 52 weeks.

With regard to BMD measured by dual-energy X-ray den-
sitometry (DEXA), no significant changes were found dur-
ing the 52-week period or the following 5  years [69, 70]. 
Cinacalcet significantly increased some of the markers of 
bone remodeling (bone alkaline phosphatase and NTx), and 
the rate of NTX/urinary creatinine for 52 weeks, when com-
pared with the placebo group, however, remained within the 
normal range [69].

The use of calcimimetics is indicated for those patients 
that have hypercalcemia related to renal insufficiency of the 
tertiary hyperparathyroidism, for those who are carriers of 
parathyroid carcinoma, or when there is a contraindication 
for surgery [67].

 Hormone Replacement Therapy

The use of estrogens is a therapeutic option for postmeno-
pausal women because it increases BMD in the femoral 
neck and lumbar spine. This protective effect from fractures 
was demonstrated in the WHI trial with the use of conju-
gated estrogens at a dose of 0.625 mg together with a daily 
5  mg dose of medroxyprogesterone for 2  years [71]. 
Nevertheless, their long-term use is not indicated, since they 
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also increase the risk of cardiovascular and breast cancer. 
Thus one should analyze the risks and benefits before sug-
gesting this therapy [71].

Furthermore, another randomized, double-blind, placebo- 
controlled study with 42 menopausal women with PHPT 
over 2 years evaluated the effects of conjugated estrogens at 
a dose of 0.625  mg, together with a daily 5  mg dose of 
medroxyprogesterone on BMD, biochemical parameters of 
bone remodeling, and calcium metabolism. In this study, 
there was a reduction in total serum calcium, but no changes 
in the ionized calcium and intact PTH. Regarding the mark-
ers of bone remodeling, there was a 22% decrease in alkaline 
phosphatase, and a 38% decrease in urinary hydroxyproline 
excretion was also observed. In addition, 60 and 33% reduc-
tions were found in N-telopeptide excretion and urinary cal-
cium excretion, respectively [72]. This therapy showed 
positive effects on the total BMD of the body, lumbar spine, 
femur, and forearm over the 2 years. These positive effects 
remained for at least the 4 years of follow-up [73].

Estrogen therapy may thus be the treatment of choice for 
women that have bone loss and PHPT in the postmenopausal 
period. This therapy should be indicated if there is no contra-
indication for its use.

 Selective Modulators of Estrogen Receptors 
(SERMs)

Nowadays, there is little evidence in the literature concerning 
the selective modulators of estrogen receptors (SERMs). A 
randomized, double-blind, placebo-controlled  investigation, 

with 18 patients, demonstrated the efficacy of 60 mg/day ral-
oxifene in reducing both serum calcium levels and markers of 
bone remodeling (serum NTx and osteocalcin) over an 
8-week period. After 4 weeks of treatment with raloxifene, 
there were no alterations in the calcium and PTH levels. 
Moreover, during the same period, the markers of bone 
remodeling returned to baseline values [74].

 Bisphosphonates

The bisphosphonates, administered to patients with PHPT, 
have proven their efficacy in the improvement of bone mass 
as compared to a placebo, which was measured by DEXA. The 
use of oral alendronate has been evaluated in 5 studies involv-
ing 119 postmenopausal women and 24 men treated for 
2 years (Fig. 22.4). The results showed a significant increase 
in BMD at the lumbar spine and femoral neck, but no sub-
stantial change in density of the distal radius. There was also 
a decrease in the levels of calcium adjusted for albumin and a 
decrease in PTH and markers of bone turnover [75–79].

Another example [79] is a double-blind, controlled trial 
with 44 patients who did not undergo parathyroidectomy and 
used alendronate (10 mg/day) for 2 years. In this case, the 
study showed a gain in bone mass in the lumbar spine and 
femoral neck, but there were no changes in calcium or PTH 
levels. Markers of bone turnover had reduced levels without 
modifying the risk of fractures.

Jansson and Cols [80] evaluated 21 patients with PHPT 
who were given 30–40 mg of pamidronate before surgery. A 
temporary reduction in the levels of serum calcium was 
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observed with the nadir after 6–10 days of infusion, and a 
return to high levels after this period.

In conclusion, alendronate may represent a therapeutic 
option and the possibility of bone protection, albeit with no 
prospect of achieving long-term normocalcemia, and may be 
associated with increased levels of serum PTH.
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Vitamin D Deficiency

Malachi J. McKenna and Mark Kilbane

 Introduction

Vitamin D, which is present in two forms called cholecalcif-
erol (D3) and ergocalciferol (D2), is an essential micronutri-
ent and in the bioactive form plays a key role in maintaining 
bone health [1, 2]. Vitamin D3 is predominantly derived from 
skin production by the direct action of ultraviolet light on 
skin. Alternative sources of D3 and D2 are oral intake from 
natural foodstuffs, fortified foodstuffs, and supplements. 
Although the principal source is sunlight, oral intake has pri-
macy over sunlight exposure in both the prevention and cor-
rection of nutritional vitamin D deficiency [3]. Sunlight 
exposure can be a cause of skin cancer and for this reason 
cannot be advocated as a means of preventing vitamin D 
deficiency. In determining the oral intake that is required to 
meet the needs both to prevent and to correct vitamin D defi-
ciency, one must consider inadvertent and intentional expo-
sure to sunlight. In other words, the recommended daily 
allowance for vitamin D as an oral nutrient need only be 
specified for those who are sun-deprived; those not sun- 
deprived have lower oral intake requirements [1, 2].

Vitamin D is activated by two hydroxylation steps: first, 
by 25-hydroxylase (CYP2R1) to 25OHD in the liver that is 
substrate-dependent on sources of parent vitamin D, and 
then by 1α-hydroxylase (CYP27B1) in the kidney to the hor-
monally active form, 1α,25-dihydroxyvitamin D 
(1,25(OH)2D) that is tightly regulated by PTH and FGF23 
[1]. The hormonal form then circulates to remote sites of 
action and binds to the vitamin D receptor (VDR), princi-

pally at the intestine promoting absorption of calcium and 
phosphate. The mineral product of calcium and phosphate is 
essential for the mineralization of newly formed bone matrix 
at all stages of life. The final activation step occurs also in 
extrarenal tissues followed by local binding to VDR, which 
is termed the paracrine/intracrine effect. This effect is not 
regulated by calciotropic hormones but by tissue-specific 
cytokines, and it is substrate-dependent. This is a more com-
plicated aspect of vitamin D action, which is the subject of 
much basic and clinical research over the past three decades.

The IOM 2011 report concluded that there was a well- 
established causal link between vitamin D intake and skele-
tal health [1]. Severe vitamin D deficiency leads to rickets in 
the growing skeleton and osteomalacia in the adult skeleton. 
In adults, it also predisposes to low bone mass and contrib-
utes to bone fragility fractures in the elderly. Deficiencies in 
the intracrine action may account for associations between 
vitamin D deficiency and infections, autoimmune disease, 
cardiovascular disease, diabetes mellitus, falls, and cancer, 
but the evidence for causality is inconsistent and inconclu-
sive [1, 4]. Mendelian randomization has shown that 25OHD 
lies in the causal pathway for susceptibility to multiple scle-
rosis but cannot measure effect size, timing of susceptibility, 
threshold of susceptibility, and benefit of intervention [5]. 
Meta-analyses of trials seem to suggest that the risk of non-
skeletal disease lies at 25OHD below 30 nmol/L (12 ng/ml) 
(see below).

 Key Points

 Definition of Vitamin D Deficiency (Fig. 23.1)

It is probably best for clinicians to divide vitamin D defi-
ciency into two groups: those who have nutritional deficiency 
and those who have intestinal, liver, or kidney disorders. 
Nutritional deficiency encompasses the role of both sources 
of vitamin D: sunlight exposure and oral intake. Based on 
25OHD alone, it is incorrect to apply the terms “deficiency” 
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or “insufficiency.” Although measuring 25OHD level has a 
prime role in assessing vitamin D status (see later), it is not a 
clinical outcome; it is merely a measure of risk of disease [1, 
4, 6, 7].

There has been a double paradigm shift since the 1990s: 
firstly, the term hypovitaminosis D was replaced by the terms 
“deficiency” and “insufficiency” implying the presence of a 
disease state; secondly, the 25OHD sufficiency thresholds 
have steadily increased from 25  nmol/L (10  ng/ml) to 
75  nmol/L (30  ng/ml). The IOM 2011 report states that 
25OHD is an estimate of risk of clinical outcomes, and that 
risk of skeletal disease reaches a plateau at 30–40 nmol/L 
(12–16 ng/ml) [1, 4, 6, 7].

Nutritional vitamin D deficiency is best defined as a clini-
cal, biochemical, radiologic, densitometric, or histomorpho-
metric abnormality that is corrected and prevented by 
low-dose oral vitamin D supplementation (Fig. 23.1) [8].The 
natural history of vitamin D-related bone disease at the bone 
level is a phase of secondary hyperparathyroidism (SHPT) 
with accelerated irreversible bone loss culminating in a min-
eralization defect (rickets or osteomalacia) [9]. Once the 
entire surface of bone is covered by unmineralized bone 
matrix (osteoid), irreversible bone loss ceases [10]. On the 
contrary, the natural history for hypophosphatemic bone dis-
ease is one of progressive mineralization defect without 
SHPT [11].

 Measuring 25OHD

Serum or plasma 25-hydroxy-vitamin D (25OHD) is the best 
measure of vitamin D status because its synthesis is substrate- 

dependent, and it has a long half-life of about 2–3  weeks 
in vivo [12]. Two types of assay methods predominate for 
measurement of total 25OHD, 25OHD3, and 25OHD2: (1) 
immunoassays for total 25OHD and (2) liquid chromatogra-
phy tandem mass spectrometry (LC-MS/MS) for 25OHD3 
and 25OHD2.

One of the major historical factors contributing to the 
poor accuracy of 25OHD measurement was the lack of stan-
dardization of assay methods [13, 14]. This has been 
addressed in recent years following the introduction in 2009 
of standard reference materials (SRM 972) and solvent- 
based primary calibrators (SRM 2972) by the American 
National Institute of Standards and Technology (NIST) in 
conjunction with the Vitamin D Standardization Program 
(VDSP). Manufacturers should develop methods traceable 
to NIST or the University of Ghent reference measurement 
procedures (RMPs) [15–18]. VDSP advocates that manu-
facturers should aim to achieve an imprecision of ≤10% and 
a bias of ≤5% for 25OHD for their methods relative to the 
RMP [19]. VDSP also includes the retrospective standard-
ization of existing 25(OH)D values collected by epidemio-
logical studies and clinical trials [20]. These developments 
have had the effect of improving imprecision in 25OHD 
measurement across methods and between manufacturers. 
In 1989, interlaboratory CVs (coefficient of variation) for 
25OHD methods ranged from 29.3% to 53.7% depending 
on the concentration measured, compared to 10.3–15.3% in 
2017 [21].

Despite the improvements in imprecision, methodologi-
cal challenges related to 25OHD measurement remain. Most 
automated immunoassays, which do not have a pre- analytical 
solvent extraction or protein precipitation step to free 25OHD 
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from vitamin D-binding proteins (DBPs), are subject to DBP 
matrix interferences [22]. Measurement of the total 25OHD 
metabolite concentration and equivalent detection of both 
25OHD2 and 25OHD3 by immunoassay is challenging, 
because binding proteins show a higher affinity for 25OHD3 
than 25OHD2. Cross-reactivity with the metabolite 
24,25-dihydroxyvitamin D, which can be present in serum at 
concentrations of up to 12 nmol/L, can also be a problem for 
immunoassays [23]. There are limitations associated with 
25OHD measurement by LC-MS/MS also. Some LC-MS/
MS methods have been shown to suffer from interferences: 
the C-3 epimer of 25OH D3 and isobaric substance 
7-α-hydroxy-4-cholesten-3-one to name but two [24]. The 
NIST standard containing 3-epi-25OHD3 (SRM 972 Level 
4) allows laboratories to check whether their method suffers 
from interference from this metabolite. Interferences can be 
separated by developing novel LC-MS/MS methods that 
focus on separation of interfering compounds at the liquid 
chromatography stage. In cases where the patient’s result 
does not fit with the clinical picture, it may be useful to 
remeasure 25OHD using an alternate method to the primary 
analysis. Significant differences between results point toward 
a method-related interference.

It is important for clinical laboratories to provide clini-
cians with information relating to their 25OHD assays, par-
ticularly limitations that address assay traceability, 
specificity, imprecision, and limit of detection. Participation 
in a proficiency testing scheme such as the International 
Vitamin D External Quality Assessment Scheme (DEQAS) 
by service providers is essential [25]. Clinicians should be 
alerted to any change of methodology as this could have a 
significant impact on results, patient classification, and treat-
ment recommendations.

 Defining Vitamin D Status and Intake 
Requirements (Fig. 23.1)

Assessment of vitamin D status should be considered in the 
light of two governmental reports: the IOM 2011 report, 
which revised the dietary reference intakes (DRIs) for the 
USA and Canada, and the Scientific Advisory Committee for 
Nutrition (SACN) 2016 report, which advised about vitamin 
D intake in the UK [1, 2]. The 2011 IOM report is now the 
standard on vitamin D requirement and on vitamin D status 
because it examined the totality of evidence with respect to 
harms and benefits for both calcium and vitamin D for the 
entire population [8]. Using a risk assessment framework, 
the IOM specified the estimated average requirement (EAR) 
that meets the need of approximately 50% of the population 
and the recommended daily allowance (RDA) that meets the 
need of 97.5% of the population (Fig. 23.1). The EAR is an 
appropriate estimate when considering intake on a popula-

tion basis, whereas the RDA is likely an overestimate of need 
on an individual basis. The EAR was specified as 10  μg 
(400  IU) daily corresponding to a 25OHD of 40  nmol/L 
(16 ng/ml); the RDA was specified as 15 μg (600 IU) daily in 
those less than 70 years and as 20 μg (800 IU) daily in those 
over 70 years corresponding a 25OHD of 50 nmol/L (20 ng/
ml) (Table  23.1) [6, 7, 26]. SACN also specified a “safe 
intake” of 10 μg (400 IU) daily but in terms of corresponding 
25OHD expressed it differently by advocating from IOM by 
advocating that 25OHD be maintained above 25  nmol/L 
(10 ng/ml) throughout the year.

These vitamin D specifications apply to individuals with 
minimal or no sunlight exposure. This encompasses house-
bound individuals especially the frail elderly, those who 
practice concealment for cultural or religious reasons, those 
with darker skin, those that apply high factor sunscreen, and 
those residing in high-latitude countries during the months 
when there is absent skin generation of vitamin D.  These 
otherwise healthy individuals are at risk of reduced vitamin 
D synthesis [27]. In the USA, the median oral intake of vita-
min D is less than 10 μg (400 IU) daily, but the mean 25OHD 
levels are above 50 nmol/L. The 25OHD level is higher than 
expected for vitamin D intake; this suggests, not surpris-
ingly, that supply from sunlight exposure, either inadvertent 
or intentional, contributes substantially to vitamin D status 
[1]. This reinforces the point that the EAR and RDA apply to 
sun-deprived individuals.

Table 23.1 Dietary reference intakes for calcium and vitamin D as 
specified by IOM 2011 report

Life stage group

Calcium mg/d Vitamin D IU/d
EAR RDA UL EAR RDA UL

Infants 0–6 months a a 1000 b b 1000
Infants 0–12 months a a 1500 b b 1500
1–3 years old 500 700 2500 400 600 2500
4–8 years old 800 1000 2500 400 600 3000
9–13 years old 1100 1300 3000 400 600 4000
14–18 years old 1100 1300 3000 400 600 4000
19–30 years old 800 1000 2500 400 600 4000
31–50 years old 800 1000 2500 400 600 4000
51–70 years old 800 1000 2000 400 600 4000
51- to 70-year-old females 1000 1200 2000 400 600 4000
71+ years old 1000 1200 2000 400 600 4000
14–18 years old, pregnant/
lactating

1100 1300 3000 400 600 4000

19–50 years old, pregnant/
lactating

800 1000 2500 400 600 4000

aFor infants, adequate intake is 200 mg/d for 0–6 months of age and 
260 mg/d for 6–12 months of age. The adequate intake is used when an 
EAR/RDA cannot be developed; it is the average intake level based on 
observed or experimental intakes; and it is likely greater than the needs 
of most infants
bFor infants, adequate intake is 400 IU/d for 0–12 months of age
EAR estimated average requirement that meets the needs of 50% of the 
population, RDA recommended daily allowance that meets the needs of 
97.5% of the population, UL upper intake tolerable level
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Regarding terminology, the IOM report considered 
25OHD as a “biomarker of exposure” (viz., the best measure 
of vitamin D supply), but it is not a “biomarker of effect” 
(viz., it is not a clinical outcome). The report avoided using 
the terms “vitamin D deficiency” and “vitamin D insuffi-
ciency” when defining vitamin D status. Appropriate terms 
are “hypovitaminosis D” or “low vitamin D status” or “at 
risk of deficiency” for a result below 30 nmol/L (12 ng/ml) 
and “range of vitamin D inadequacy” for levels 30–50 nmol/L 
(12–20  ng/ml). The “tolerable upper intake level (UL)” is 
defined by the IOM report as the upper level of vitamin D 
intake beyond which harm could be expected to increase for 
the general population. The IOM specified the UL as tenfold 
higher than EAR at 100 μg (4000 IU) daily, corresponding to 
25OHD above 125 nmol/L (50 ng/ml). The IOM warned that 
the UL should not to be considered as a target intake and that 
striving to achieve 25OHD above the RDA in 97.5% of pop-
ulation means that increasing number will exceed the UL 
(Fig. 23.2) [7].

 Secondary Indices of Vitamin D Deficiency 
(Fig. 23.3)

If 25OHD is below 30 nmol/L (12 ng/ml), then the clinician 
should recommend an adequate oral vitamin D intake (see 
treatment section below) but does not necessarily need to 
embark on additional investigations. Much lower levels may 
be associated with clinical features such as proximal myopa-
thy and diffuse bone pain. Secondary biochemical indices 
include hypocalcemia and hypophosphatemia. Although not 
calculated in clinical practice, the calcium–phosphate ion 
product is a measure of the degree of deficiency that links 
directly with the consequence of a mineralization defect in 
the bone [28]. Another simple measure that is routinely 
available is serum total alkaline phosphatase; in the absence 
of liver disease, it is a direct marker of bone disease.

If the clinician is concerned about vitamin D deficiency, 
then serum PTH should be measured as part of the assess-
ment because secondary SHPT occurs in response to hypo-
calcemia. This results in an increase in bone turnover as part 
of the effort to restore calcium homeostasis. In addition, 
CYP27B1 activity is augmented such that 1,25(OH)2D levels 
may be elevated in vitamin D deficiency; this metabolite is 
not a measure of vitamin D status. Renal tubular effects of 
SHPT, such as renal phosphate wasting and renal bicarbon-
ate wasting, may hasten the onset of the mineralization 
defect in bone. Other factors influence PTH status such as 
calcium intake, renal function, age, ethnicity, body composi-
tion, and geographic location [1, 27]. There is no single 
threshold level of 25OHD that prevents secondary hyper-
parathyroidism [29].

An array of bone turnover markers is available for assess-
ing bone status [30]. An increase in bone formation markers 
may reflect either an increase in bone remodeling activity 
due to SHPT or a defect in mineralization, whereas increased 
resorption markers only reflect SHPT. Samples should only 
be collected in the fasting state; clinicians should obtain pro-
tocols from their laboratory service provider for instructions 
on specimen type required. Formation markers are serum- 
based: bone specific alkaline phosphatase, procollagen type 
1 amino-terminal propeptide and osteocalcin. Resorption 
markers are either serum-based (beta-C-terminal cross- 
linking telopeptide of type 1 collagen) or urine-based 
(amino-terminal cross-linking telopeptide of type 1 
collagen).

Specific radiographic changes occur late in vitamin D 
deficiency. Rickets is a disease of the growing skeleton with 
radiographic changes being most pronounced at the growth 
plates in those fastest-growing bones such as around the 
knee, the distal end of the ulna, the middle ribs, the proximal 
femur, and the distal tibia. Initially the growth plate widens 
as a consequence of defective mineralization between epiph-
ysis and metaphysis [31]. Then the metaphyseal surfaces 
become cupped and irregular. This is accompanied by splay-
ing of the metaphyses and widening of the growth plates that 
accounts for the classical clinical signs of swelling at the 
wrists, knees, and anterior ends of the ribs (rickety rosary). 
Bone deformities occur principally in lower extremities in 
weight-bearing bones resulting in knock knees, bow-legs, 
wind-swept legs [32].

Insufficiency-type stress fractures in the setting of osteo-
malacia are referred to by the eponymous term, Looser 
zones, which are stress fractures not “pseudofractures” [33]. 
They are usually multiple in origin and are often symmetric 
in occurrence. They occur at typical sites in both weight- 
bearing bones (such as pubic rami, medial aspects of the 
femur and tibia, and metatarsal bones) and non-weight- 
bearing bones (such as ribs and medial border of the scap-
ula). Appearances are characteristic in that the fracture 
appears as a broad rather than a narrow band, margins are 
parallel, marginal sclerosis is minimal, and callus is usually 
present, but healing is delayed (Fig.  23.4). Typically, they 
only occur late as a manifestation of osteomalacia. 
Traditionally, they were considered to be pathognomic of 
osteomalacia, but rarely insufficiency-type stress fractures 
with appearances of Looser zones are described in osteopo-
rosis [34].

Bone mineral density (BMD) should be measured at 
spine, hip, and forearm (and whole body for those under 
20  years) using dual-energy X-ray absorptiometry. While 
this does not have any discriminant value in diagnostic terms, 
BMD is a measure of the risk of fragility fracture and is also 
a baseline measurement to assess the response to treatment. 
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While correcting vitamin D deficiency in severe cases will 
result in an improvement in BMD, there is also an irrevers-
ible component to the bone loss especially cortical bone that 
is related to the prolonged phase of SHPT with high bone 
turnover prior to the onset of the mineralization defect [10]. 
Hypophosphatemic bone disorders do not have irreversible 

PTH-mediated bone loss. In some inherited hypophospha-
temic disorders, BMD is increased [35].

Bone histology is rarely performed and rarely needed, 
especially with the advance in the abovementioned biochem-
ical indices. That aside, it is still the gold standard for diag-
nosing osteomalacia [11]. There are two principal findings: 

Fig. 23.2 Distribution of vitamin D intake requirements in a healthy 
population (Panel A) and the upward shift in distribution requirement to 
attain RDA-linked serum 25OHD concentration in 97.5% of the popu-

lation (Panel B). RDA  recommended dietary allowance. Reproduced 
with permission from reference number 7
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first, accumulation of unmineralized bone matrix called 
 osteoid and, second, impaired mineralization as measured 
using tetracycline-based histomorphometry. It is not suffi-
cient to base a diagnosis on osteoid indices alone; any condi-
tion that increases bone turnover will also increase the 
surface extent of osteoid. An osteoid seam width >12.5 μm 
coupled with a prolonged mineralization lag time >100 days 
is diagnostic of osteomalacia [11, 36].

 Differential Diagnosis (Table 23.2)

 Intestinal, Hepatic, and Renal Diseases

Malabsorption of calcium due to disease must be considered 
and excluded in all cases. Mucosal disorders most notably 
celiac disease should be considered. Measurement of anti-
bodies to the enzyme tissue transglutaminase and to the 
endomysium is the best screening test. Diagnosis is con-
firmed by small bowel histology. Roux-en-Y gastric bypass 
surgery for obesity leads to a malabsorptive state. Pancreatic 
insufficiency and cholestatic liver disease, such as primary 

Indices of Vitamin Deficiency

↓25OHD:
At least below 30 nmol/L (12 ng/ml)

Clinical

Aches and
pains

Biochemical

Proximal
myopathy

↓Calcium

↓Phosphorus

↓Tetracycline
uptake

↑Total
alkaline

phosphatase

↑PTH

↑Bone
turnover
markers

Radiology

X-ray changes

Rickets

Looser zones

Bone Mineral
Density

Spine

Hip

Forearm

Whole body

Osteoid excess

Histology

Mineralization
defect

osteoid
thickness
>12.5µm

Prolonged
mineralization

lag time
(=mineral
apposition

rate/osteoid
width)

>100days

Fig. 23.3 25OHD 25-hydroxyvitamin D, PTH parathyroid hormone

Fig. 23.4 Image of Looser zones in osteomalacia in right superior 
pubic ramus demonstrating all the characteristics of broad band, mini-
mal callus, transverse and marginal sclerosis in patient with hypophos-
phatemia due to tumor-induced osteomalacia with elevated FGF23 
level. There is also a Looser zone in the right inferior pubic ramus
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biliary cirrhosis, are less likely to cause vitamin D-related 
bone disease. Chronic kidney disease in early stages proba-
bly has a higher requirement for substrate vitamin D due to 
progressive impairment in 1α-hydroxylase. End-stage kid-
ney disease may manifest with osteomalacia as part of mixed 
bone disease including osteitis fibrosa cystica, adynamic 
bone disease, and osteosclerosis.

 Hypophosphatemic Bone Disease (Table 23.2)

Chronic hypophosphatemia also causes rickets and osteoma-
lacia. It is usually due to a sustained increase in renal phos-
phate excretion but may also be a consequence of impaired 
absorption and intake. FGF23 regulates renal phosphate han-
dling by reducing the expression of type 2 sodium-dependent 
phosphate cotransporters, and it inhibits CYP27B1 activity. 
Hypophosphatemic bone disease is divided into two catego-
ries: FGF23-mediated and non-FGF23-mediated [35].

In childhood, the commonest cause of inherited renal 
phosphate wasting is X-linked hypophosphatemia due to 
inactivating mutations in the PHEX gene that is associated 
with increased bone expression of FGF23 (OMIM 307800). 
In adulthood, phosphaturic mesenchymal tumors of mixed 
connective tissue type that produce an excess of FGF23 that 
is higher than seen in the inherited conditions leads to severe 
tumor-induced osteomalacia (TIO) [37]. A number of drugs 
enhance renal excretion of phosphate resulting in non- 
FGF23- mediated rickets or osteomalacia such as oral chela-
tors and antiretrovirals [35].

Diagnosis of renal phosphate wasting is straightforward, 
but it requires measurement of the renal tubular maximum 
reabsorption of phosphate per unit of glomerular filtrate: 
TmPO4/GFR. This is conducted by collecting a timed fast-
ing urine and simultaneous blood sample for estimation of 
phosphate and creatinine in both serum and urine and then 
by calculating TmPO4/GFR according to a nomogram or an 
equation [38]. Hypophosphatemia with a low TmPO4/GFR 
in the absence of hypocalcemia gives a diagnosis of renal 
phosphate wasting. Serum 1,25(OH)2D levels should be 
inappropriately low. FGF23 levels can now be measured in 
specialized laboratories. In childhood, genetic testing for the 
known mutations should be conducted in hypophosphatemic 
patients. In adult patients, acquired causes should be sought 
including TIO, but some of the inherited forms may not pres-
ent until later in life [35].

 Rare Conditions

A few conditions may mimic nutritional vitamin D defi-
ciency. In childhood, there are rare congenital disorders in 
the metabolism and action of vitamin D that may present as 
nutritional vitamin D deficiency: loss-of-function mutations 
of CYP2R1 (vitamin D-dependent rickets type 1B OMIM 
600081), loss-of-function mutations of CYP27B1 formerly 
called pseudo-vitamin D deficiency (vitamin D-dependent 
rickets type 1A, OMIM 264700), and nonfunctioning vita-
min D receptor mutations causing hereditary 
1,25- dihydroxyvitamin D-resistant rickets (HVDRR, or vita-
min D-dependent rickets type 2, OMIM 277440) [39]. These 
conditions are extremely rare and should only be considered 
in cases where there is failure to respond to standard inter-
vention (see below).

Calcium deficiency of a severe degree, alone, is now con-
sidered to be a cause of rickets that is consistent with the 
known interdependence of calcium and vitamin D. This has 
been reported in African children in Nigeria and South 
Africa who have abundant exposure to sunlight but have 
extremely low dietary calcium intakes at less than about 

Table 23.2 Differential diagnosis of rickets and osteomalacia

1. Vitamin D-related
   (a) Nutritional vitamin D deficiency (combined sun deprivation 

and inadequate oral intake)
   (b) Disease-specific
    Malabsorption
     Mucosal disorders such as celiac disease
     Pancreatic insufficiency
     Postgastrectomy
     Gastric bypass
    Primary biliary cirrhosis
    Chronic kidney disease
   (c) Inherited
    Loss-of-function mutations of CYP2R1 (vitamin D-dependent 

rickets type 1B)
    Loss-of-function mutations of CYP27B1 (vitamin D-dependent 

rickets type 1A)
    Nonfunctioning vitamin D receptor (vitamin D-dependent 

rickets type 2)
2. Deficient calcium intake coupled with high phytate intake
   (a) In Africa and India and in Asian immigrants
3. Hypophosphatemic bone disease due to renal phosphate wasting
   (a) FGF23-mediated
    Inherited
     X-linked hypophosphatemia
     Autosomal dominant hypophosphatemic disease
     Autosomal recessive hypophosphatemic disease
    Acquired
     Tumor-induced osteomalacia
     Post renal transplant hypophosphatemia
   (b) Non-FGF23-mediated
    Fanconi’s syndrome
     Drug induced:
      Oral iron chelators
      Antiretrovirals
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200 mg daily on a sustained basis that can be rectified by 
calcium supplementation [40]. Intake of foods high in phy-
tate and oxalate that chelate calcium may be confounding 
factors [30]. Similarly, in India where calcium intake is very 
low and phytate intake is high, rickets and osteomalacia are 
reported, despite with what would be considered satisfac-
tory vitamin D status in regions where calcium intake is 
much higher [41, 42].

Hypophosphatasia (OMIM 146300) is a rare heritable 
form of rickets and osteomalacia with low serum alkaline 
phosphatase that is caused by loss-of-function mutations in 
the gene for tissue-nonspecific isoenzyme of alkaline phos-
phatase (TNSALP) [43]. Inorganic pyrophosphate 
 accumulates that is a potent inhibitor of mineralization. It 
may manifest in different clinical forms: perinatally with a 
fatal form, in infancy with severe rickets, in childhood with 
milder bone disease accompanied by premature loss of teeth, 
and in adulthood with poorly healing stress fractures. Serum 
total alkaline phosphatase is low, while calcium, phosphate, 
25OHD, and PTH levels are normal. Pyridoxal 5′-phosphate 
and phosphoethanolamine are usually elevated in serum sup-
porting the diagnosis. Since there is a tendency to hypercal-
cemia and hyperphosphatemia in childhood presentation, 
standard treatment for rickets should be avoided; in fact, a 
restricted calcium intake may be needed to avoid hypercalce-
mia. For the severe forms of the disease in childhood, they 
should be treated with asfotase alfa, a hydroxyapatite- 
targeted recombinant TNSALP, which has been approved for 
use since 2015 [44].

Chronic metabolic acidosis can cause a mineralization 
defect. This is seen with renal tubular acidosis because of 
renal bicarbonate wasting. This is a direct effect of the aci-
dotic state on the bone, which functions as part of the buffer-
ing response in the body. Urinary diversion techniques may 
result in chronic metabolic acidosis, especially ureterosig-
moidostomy that was performed in the past and to a lesser 
extent the extant procedure of uretero-ileostomy. A simple 
indicant on routine testing is the presence of a normal anion 
gap metabolic acidosis accompanied by hyperchloremia.

 Present and Future Therapies

 Vitamin D and Calcium Supplementation

Nutritional vitamin D deficiency is corrected and prevented 
safely and efficaciously by low-dose vitamin D supplemen-
tation. The intake requirements for both vitamin D and cal-
cium as specified by the IOM 2011 report should be followed 
for all age groups (Table  23.1) [4]. Since 2011, a number 

trials have confirmed the accuracy of the simulated vitamin 
D dose response in all age groups with some nuances with 
respect to age, ethnicity, obesity, and single gene polymor-
phisms [45–50]. Vitamin D3 is favored over D2 due to the 
greater potency of the former [51–53]. In view of the interde-
pendence of calcium and vitamin D, the adequacy of calcium 
intake must be considered in all clinical situations of nutri-
tional vitamin D deficiency, particularly in regions where 
dietary calcium intake is very low and phytate intake is high 
[40–42]. A high-calcium intake is better able to compensate 
for low vitamin D status than a high intake of vitamin D is 
able to compensate for a low calcium [1].

A recent global consensus on the prevention and manage-
ment of nutritional rickets has incorporated the findings of 
the IOM 2011 report providing clinicians with a compen-
dium of advice about vitamin D and calcium requirements 
across the entire clinical spectrum [54]. This is particularly 
welcome given the concerns about the rising incidence of 
rickets and catastrophic hypocalcemia cardiomyopathy in 
developed countries in conjunction with the great variability 
in vitamin D status and calcium intakes worldwide.

For adults, the clinician needs to address on an individual 
basis those cases with diseases that are associated with 
higher intake requirement of both calcium and vitamin D 
such as chronic malabsorption. The clinician should be 
guided by the secondary indices (see above) in order to 
assess the success of supplemental doses of vitamin D and 
calcium. Refractory cases may have persistent SHPT that 
may evolve to tertiary hyperparathyroidism. Rather than opt-
ing for high-dose parent vitamin D, one should consider use 
of activated vitamin D: 1,25(OH)2D or its monohydroxylated 
analogue 1α-hydroxyvitamin D, which is slightly less potent. 
Usually, the starting dose is about 0.25  μg twice daily 
increasing until resolution of the biochemical abnormality. 
Patients will need frequent monitoring of calcium status, 
both in serum and urine, as well as all the secondary 
indices.

Food solutions to vitamin D supply, both traditional forti-
fication and biofortification, improves vitamin D status in the 
general population, especially during the winter months 
thereby lessening the need for supplementation [55]. For 
many decades vitamin D has been added exogenously to 
milk, to infant formula, and to margarine and more recently 
to bread and cereals with different practices in different 
countries [53, 56, 57]. Biofortification is achieved either by 
addition of vitamin D to animal feeds, exposing animals to 
ultraviolet light, or exposing mushrooms to ultraviolet light 
[53, 58, 59]. As the vitamin D health of a nation improves by 
fortification coupled with increasing supplementation, the 
risk of hypervitaminosis D escalates [7, 60].
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 High-Dose Vitamin D Therapy: 25OHD Dose 
Response and Outcome Response

In evaluating trials of vitamin D therapy, one must under-
stand both the 25OHD dose response and outcome response. 
High-dose vitamin D therapy may be defined as an oral 
intake that is a multiple of the intake requirement for ade-
quacy. This should refer to total intake not just supplemental 
intake. This is achieved by two ways that are not equivalent: 
high daily dose often ranging from 4000  IU to 10,000  IU 
(and even higher) or intermittent bolus doses often ranging 
from 25,000  IU to 500,000  IU given at intervals from 
1 month to 1 year.

The lack of equivalence between daily dosing and inter-
mittent bolus dosing is related to the nature of the 25OHD 
dose response. The IOM 2011 report noted that the 25OHD 
response was curvilinear in a simulation regression analy-
sis using information from trials conducted during winter 
months; the mixed effects model with a log transformation 
of 25OHD yielded the best curvilinear fit: 25OHD in 
nmol/L  =  9.9 ln (total vitamin D intake). This approach 
shifted the paradigm from supplemental 25OHD dose 
response to “achieved” 25OHD dose response, now incor-
porating the influence of all sources of vitamin D intake to 
25OHD.  The simulated curvilinear dose response in the 
IOM 2011 report was confirmed by a multidose study 
ranging trial using seven doses ranging from 400 IU daily 
to 4800  IU daily, with the best fit for estimating the 
“achieved” being a quadratic function: 25OHD 
nmol/L  =  54.5  +  24.6*dose/1000–2.5*dose2/10002 [45]. 
Using either of these equations explains the differences 
that are seen in comparing linear dose responses with the 
principal determinant being the baseline 25OHD; it also 
demonstrates the fallacy of recommending a dose rate con-
stant [61]. In terms of dosing intervals, the 25OHD 
response is higher in the following rank order  – daily, 
weekly, and monthly – indicating that the 25OHD response 
is not a simple function of the cumulative dose [62].

Lack of effect and even unexpected harmful outcomes 
have been demonstrated in randomized control trials of high- 
dose vitamin D therapy. With falls as a primary outcome, 
falls were more likely in those high-dose vitamin D groups in 
three different studies: using 4800 IU daily [63], 60,000 IU 
monthly [64], and 500,000 yearly [65]. Intramuscular 
300,000 IU yearly had a higher hazard ratio of first fracture 
at both hip and wrist [66]; oral 500,000  IU yearly had a 
higher rate of all fractures [65]. High-dose vitamin D 
(50,000  IU monthly) did not improve functional status in 
postmenopausal women [67]. Maternal administration did 
not prevent childhood asthma using either 4000 IU daily [68] 
or 2400 IU daily [69]. Progression to diabetes was not halted 
by 20,000  IU weekly [70]; insulin resistance was not 

improved by 3750 IU daily [71]. The rate of cardiovascular 
disease was not reduced by high-dose vitamin D over an 
average of 3.3 years (initial dose of 200,000 IU, followed a 
month later by monthly doses of 100,000 IU) [72]. Urosepsis 
was not prevented by 20,000  IU weekly for 5  years [73]. 
High-dose vitamin D (oral bolus 540,000  IU followed by 
monthly 90,000 IU for 5 months) did not reduce length of 
stay in critically ill patients [74]. Administration of oral 
100,000 IU every 3–18 months to infants did not prevent first 
onset of pneumonia, but the rate of repeat pneumonia was 
significantly higher in the vitamin D therapy group [75]. 
Meta-analysis of trials using individual level patient data 
suggests that prevention of respiratory tract infection is most 
evident in those with 25OHD below 25 nmol/L or in those 
given daily or weekly doses compared to less frequent bolus 
doses [76]. In a similar analysis of individual patient data, 
vitamin D therapy reduced the rate of asthma exacerbation 
treated with steroids in those with 25OHD below 25 nmol/L 
but not in those with 25OHD above 25 nmol/L [77].

 Future Therapies

While high-dose vitamin D trials have at best had a null 
effect, the principal research question remains concerning 
the role of low-dose vitamin supplementation in the preven-
tion of nonskeletal disease, about which the IOM 2011 report 
and the SACN 2016 report concluded that evidence was 
inconclusive and inconsistent [1, 2]. To this end, the most 
important study is the VITamin D and OmegA-3 TriaL 
(VITAL); this is an ongoing nationwide, randomized, 
double- blind, placebo-controlled clinical trial [78]. The 
study population consists of 25,874 US adults without can-
cer or cardiovascular disease at baseline and over the age of 
50 years. It has a two-by-two factorial design, which means 
from a vitamin D perspective that there will be a group that 
receives vitamin D alone 50 μg (2000 IU) daily to be com-
pared with a double placebo group. The mean length of the 
randomized treatment period will be 5  years. Recruitment 
ran from November 2011 to March 2015, and randomization 
has been successful with respect to baseline demographic, 
health, and behavioral characteristics across treatment 
groups as well with respect to known potential confounders.

 Conclusion

Nutritional vitamin D deficiency is common in groups at risk 
of sun deprivation. It is straight forward to investigate using 
standard biochemical tests. It is effectively and safely cor-
rected and prevented by following IOM and SACN specified 
intakes. High-dose vitamin D, daily, and bolus, should be 
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avoided. More severe and refractory cases should be investi-
gated for other causes of vitamin D-related deficiency and 
for hypophosphatemic bone disease; these conditions are 
likely to need expert evaluation and pharmacologic interven-
tion with regular supervision of response to intervention.
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 Epidemiology

Osteoporosis is a disorder characterized by low bone mass, 
with microarchitectural disruption and skeletal fragility, 
resulting in an increased risk of fractures. It is the most com-
mon of all osteoid-metabolic disorders and represents a 
major public health problem worldwide, affecting one in 
every three women aged 50 and over. Its incidence is most 
likely associated with the aging of the world’s population.

Studies in the USA such as the NHANES III study (Third 
National Health and Nutritional Examination Survey) have con-
firmed an elevated occurrence of osteoporosis, with prevalence 
in the femoral neck of patients over 50 years of age, showing 
that 20% of women of Caucasian and Hispanic origin, 7% of 
black women, and 7% of all men are affected [1], which corre-
sponds to around ten million people, 80% of whom are women. 
Studies indicate that half of all postmenopausal women will 
have an osteoporotic fracture during their lifetime, with potential 
consequences that include short-term and long-term morbidity, 
not to mention the economic aspects involved. Costs related to 
osteoporosis in 2005 reached approximately $17 billion and 
could double or triple by 2040. Although medical therapy can 
reduce the risk of fractures and is cost-effective, osteoporosis 
often goes undiagnosed and untreated. The US Preventive 
Services Task Force (USPSTF) therefore recommends that all 
women 65 and over should be routinely examined [2].

In Brazil there is no concrete data on the occurrence of 
osteoporotic fractures. It is estimated that around ten million 

people in the country have osteoporosis and 2.4 million suffer 
from some type of fracture each year. A study in Recife that 
evaluated 657 women over 50 years of age found that 29% of 
them demonstrated the presence of osteoporosis in the lumbar 
spine and 19% in the femoral neck, with an increased preva-
lence accompanying the advancement of age [3].

The pathophysiology of osteoporosis is shown in 
Figs. 24.1 and 24.2. It is important to recognize the problem, 
along with its risk factors and consequences in order to 
decrease morbidity, mortality, and the costs associated with 
the disease.

 Risk Factors

Osteoporosis is a multifactorial disease, consisting of some 
aspects that are potentially modifiable and others that are not. 
Factors that are genetic, racial, and anthropometric, along with 
those related to body composition, bone density, diet, physical 
activity, and other lifestyle factors, are important elements in 
the predisposition to and development of osteoporosis.

The two major risk determinants for developing osteopo-
rosis are peak bone mass and rate of bone loss. Risk factors 
that influence these determinants should be evaluated in all 
postmenopausal women in order to properly estimate the 
threat of fractures, exclude secondary causes of osteoporo-
sis, identify modifiable risk factors, and determine the appro-
priate drug therapy for each case [4].

The main risk factors for osteoporosis are listed in 
Table 24.1.

 FRAX

FRAX™ is a tool available online (http://www.shef.ac.uk/
FRAX/index.htm) which was developed by the World Health 
Organization. It is employed to gather independent risk fac-
tors for osteoporotic fractures involving individuals over 
50  years of age, in order to quantify the probability of 
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fracture of the femoral neck or other major osteoporotic frac-
tures (vertebral, hip, forearm, and humerus) over the follow-
ing 10 years.

MECHANISMS OF BONE RESORPTION

MECHANISMS OF BONE FORMATION
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Fig. 24.1 Mechanisms of 
bone resorption. The stromal 
cells or osteoblast releases 
RANKL and osteoprotegerin. 
RANKL will bind to RANK 
on the surface of the 
osteoclast precursor, leading 
to fusion and differentiation 
of this cell into mature 
osteoclasts, which in turn 
release cathepsin K. When 
there is increased production 
of osteoprotegerin, such as in 
estrogen deficiency, the 
osteoprotegerin binds to 
RANKL inhibiting the 
formation of mature 
osteoclast

DECREASED MUSCULARITY

MYOFIBRIL

MYOSTATIN

SCLEROSTIN LIVER IGF-1 PRODUCTION

BONE FORMATION

Fig. 24.2 Mechanisms of bone formation. The osteocyte, under the 
action of PTH, mechanical strain, and NPY, releases sclerostin, which 
will block the binding of proteins Wnt and Dickkopf to osteoblast 
receptors, especially the LRP-5

Table 24.1 Risk factors for osteoporosis

Family history of osteoporosis Cushing syndrome and use of 
corticosteroids

Advancement of age Chronic renal failure
Female gender Celiac disease
Sedentary lifestyle Hyperthyroidism
Malnutrition Primary hyperparathyroidism
Low calcium and vitamin D 
intake

Multiple myeloma

Diabetes mellitusa Time of menopause
Smoking Low body weight
Alcoholism Obesityb

Personal history of fractures Deficiency of GH and IGF-1
Delayed puberty and/or 
hypogonadism

Vitamin D deficiency

Prolonged immobilization Depression

Data from Ref. [4]
aDiabetics show an increase in sclerostin and a decrease in bone mineral 
density
bObesity increases the risk for some types of fractures

P. N. Mesquita et al.



259

The variables considered include gender, age, BMI, per-
sonal history of fractures after the age of 40, family history 
of hip fractures, smoking, excessive alcohol consumption, 
rheumatoid arthritis, use of glucose corticoids, or other sec-
ondary causes of osteoporosis [5].

Using population samples from Europe, North America, 
Asia, and Australia, country-specific data was compiled, 
allowing calculations based on regional differences. When 
FRAX is associated with bone mineral density (BMD) test-
ing, it is a more useful tool for predicting fracture risk than 
the use of either FRAX or BMD alone.

Although its use is not routinely indicated for patients 
who are already being treated for osteoporosis, a study dem-
onstrated that FRAX may be a useful tool for assessing frac-
ture risk in these patients, pointing to the need to either 
continue or discontinue medication [6].

 Diagnosis

 Clinical History and Physical Examination

Through a clinical history and thorough physical examina-
tions, it is possible to detect secondary causes of osteoporo-
sis and risk factors for osteoporosis. In the clinical evaluation 
of the patient, weight, height, family history of osteoporosis, 
age, race, nutritional status, calcium and vitamin D intake, 
thoracic-lumbar pain (chronic or acute), decreased stature, 
chest deformities, medication use (current and previous), 
menstrual cycles, time of menopause, history of fractures, 
and lifestyle habits (smoking, alcohol consumption, and 
physical activity) should all be taken into consideration.

Most patients with osteoporosis are asymptomatic until 
the onset of clinical fractures. Vertebral fractures can result 
in loss of height and/or kyphosis and local pain, due mainly 
to the shortening and contracture of the paraspinal muscula-
ture caused by the reduction of vertebral height [7]. However, 
most vertebral microfractures are asymptomatic.

Postmenopausal women should also be questioned 
regarding clinical factors associated with an increased risk of 
falls, including history of falls, fainting, muscle weakness, 
problems with coordination and balance, difficulty walking, 
arthritis in the lower limbs, peripheral neuropathy, and 
decreased visual acuity.

 Laboratory Evaluation

Laboratory tests are important, primarily to exclude secondary 
causes of osteoporosis. The initial evaluation should include 
the following: CBC, VHS, 24-h calciuria, calcium, albumin, 
phosphorus, transaminases, alkaline phosphatase, serum and 
urine protein electrophoresis, renal function, thyroid function, 

PTH, and 25 (OH) vitamin D. If any secondary cause is clini-
cally suspected and/or bone loss greater than expected for the 
age, investigations should be extended to include cortisol after 
1 mg of dexamethasone or a 24-h urinary free cortisol, tissue 
transglutaminase antibodies, bone marrow study, free light 
chains, free kappa and lambda light chains, serum iron, and 
ferritin (for suspected hemochromatosis) [8].

 Bone Markers

Bone markers are substances released during bone remodel-
ing processes, which can be assayed in serum or urine, and 
provide dynamic assessment of the activity of the skeleton.

Markers for resorption as well as formation may be uti-
lized (Table 24.2).

These markers should not be used single-handedly for the 
diagnosis of osteoporosis, nor even to determine which 
patients require treatment, but they can be useful in predict-
ing bone loss. Studies show that the higher the level of mark-
ers, the greater the decrease in bone mass in subsequent 
years if treatment is not instituted.

The best and most validated use of bone markers is to 
monitor treatment. Anti-resorptive therapy is associated with 
the reduction of all resorption markers after 3  months, 
remaining at these reduced levels while the patient is in treat-
ment. In cases where the response is inadequate and treat-
ment compliance by the patient has been confirmed, the 
possibility of changing medication or increasing the dosage 
should be evaluated.

 Imaging

 Plain Radiography

Plain radiographs demonstrate low sensitivity for the diagno-
sis of osteoporosis because they show an alteration only 
when a bone loss of at least 30% already exists. They can be 
useful for diagnosing fractures, or specialized diagnosis 
involving other diseases that can affect bone, such as multi-
ple myeloma, osteomalacia, and bone metastases.

Table 24.2 Bone formation and resorption markers

Formation markers Resorption markers
Alkaline phosphatase Telopeptides of collagen cross-links
Osteocalcin Amino-terminal amino-NTX 

(N-telopeptide)
Pro-peptides of type 2 
collagen

Carboxy-terminal—CTX 
(C-telopeptide)

   Amino-terminal (PINP) Pyridinolines
   Carboxy-terminal (PICP) Hydroxyproline
   Osteocalcin (OCN) Tartrate-resistant phosphatase acid

24 Postmenopausal Osteoporosis
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Since most vertebral fractures are asymptomatic, several 
techniques have been studied with the aim of objectively 
 recognizing subclinical vertebral deformities by measuring 
the height of the vertebral bodies (called morphometric frac-
tures). The semiquantitative score permits a percentage dif-
ferential evaluation of the anterior, middle, and posterior 
heights of the vertebral bodies, in order to effectively assess 
the severity of vertebral fractures [9]:

• 0 Degree—No fracture exists
• 1st Degree—Mild fracture, reduction ranging from 20% 

to 25% of the vertebral height
• 2nd Degree—Moderate fracture, reduction ranging from 

25% to 40% of the vertebral height
• 3rd Degree—Severe fracture, reduction >40% of the ver-

tebral height

 Bone Densitometry

Osteoporosis can be diagnosed before the onset of clinical 
fractures by means of noninvasive methods for determining 
bone mineral density (BMD), which is the best single predic-
tor of fracture risk [10]. The most accurate noninvasive 
method is bone densitometry, and the most widely used mea-
sure of absorption is dual-energy X-ray absorptiometry 
(DXA), which measures the area density (grams of mineral 
per square centimeter of bone; g/cm2). It can be used at cen-
tral (lumbar spine and hip) or peripheral (distal radius, heel, 
and phalanges) sites; however, only central sites are used for 
diagnosis and monitoring response to treatment.

The World Health Organization (WHO) has defined the 
diagnosis of low bone mass and osteoporosis, based on the 
number of standard deviations (SD) below mean BMD 
detected in normal young adults of the same sex (T-score) 
[11] (Table 24.3).

The BMD of osteoporotic patients may also be compared 
with that of a population of corresponding age (Z-score). A 
Z-score below −2.0 SD is considered below the expected 
range for the age group [12] and in these cases should be 
investigated for secondary causes of osteoporosis.

Since all postmenopausal women are at risk of developing 
osteoporosis, it would be ideal to evaluate the BMD of all of 
them. As a way of limiting costs, the International Society of 
Clinical Densitometry (ISCD) suggests screening for osteo-

porosis in women over 65 years of age; those with a history 
of fractures after minimal or no trauma; in early menopause; 
with prolonged use of corticosteroids; osteopenia evidenced 
by plain radiography; a maternal history of osteoporosis or 
fracture, loss of height, or thoracic kyphosis; underweight 
(BMI < 19), secondary causes; and the use of medications 
associated with bone loss [12].

 Quantitative Computerized Tomography

This is a technique that measures volumetric density (g/cm3) 
at the lumbar spine and peripheral sites using specialized 
software and standard computerized tomography equipment. 
It is able to distinguish cortical and trabecular bone compart-
ments and predict fracture risk, as well as DXA, but has a 
high cost along with limited availability and increased radia-
tion exposure, being used mainly in clinical research.

 Ultrasonography

This evaluates the heel bone and the proximal tibia, is practi-
cal and inexpensive, and is useful as a method for screening 
the population at risk for osteoporosis.

 Bone Quality

The concept of bone quality has been widely used to justify 
the occurrence of clinical events not explained by the evalua-
tion of BMD alone. Bone quality takes into consideration the 
composition and structure of bone, contributing to bone 
strength regardless of density. Several factors interact to form 
bone quality, such as bone turnover, geometry, microarchitec-
ture, mineralization, microaggressions, and components of 
the mineral and bone matrix [13]. The trabecular bone score 
(TBS) is a bone quality assessment method that analyzes gray 
tones obtained from two-dimensional image of the lumbar 
spine acquired by DXA coupled to a software to analyze bone 
microarchitecture and fracture risk. The more homogenous 
the color variation of this evaluation, the greater the bone 
strength and, consequently, the TBS. The reverse is also true. 
This score is useful for predicting risk of vertebral fractures, 
hip fractures, and some major osteoporotic fractures in both 
men and women. TBS alone does not determine therapeutic 
decision. Associated with FRAX, this score shows increased 
accuracy for risk of fractures, which may lead to a change in 
the therapeutic approach. The TBS suffers interference from 
soft tissue thickness (therefore, this method is only validated 
for BMI between 15 and 37 kg/m2), race, and ethnicity. In 
addition, several conditions usually modify this score, reduc-
ing it in older, obese, alcohol, or corticoid users, and patients 

Table 24.3 Definition of osteoporosis by the WHO criteria

WHO classification T-score
Normal To −1.0 DP
Osteopenia −1.0 to −2.5 DP
Osteoporosis < −2.5 DP

Data from Ref. [10]

P. N. Mesquita et al.
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with type 2 diabetes mellitus, rheumatoid arthritis, or chronic 
obstructive pulmonary disease, or increasing it in patients 
with recent treatment for osteoporosis [14, 15].

The evaluation of bone turnover may be conducted 
through bone marker evaluation and biopsies performed on 
bone marked with tetracycline [16]. New techniques for 
bone quality assessment have been developed, such as high- 
resolution magnetic resonance imaging and high-resolution 
peripheral quantitative computerized tomography. However, 
these costly techniques have yet to become readily 
available.

 Treatment

 Indication

Many guidelines have been published concerning the man-
agement of osteoporosis, in which treatment decisions are 
based primarily on the results of BMD in combination with 
patient characteristics.

The FRAX approach developed by the WHO plays a cru-
cial role in guiding treatment recommendations for the man-
agement of osteoporosis [17].

The National Osteoporosis Foundation (NOF) recom-
mends treatment of postmenopausal women (and men 
50 years or older) with a history of vertebral or hip fracture 
or osteoporosis based on the measurement of BMD (T-score 
of −2.5 or less), as well as postmenopausal women with 
osteopenia, (BMD T-score between −1.0 and − 2.5) associ-
ated with a 3% or greater likelihood of hip fracture within 
10 years, or a 20% or greater likelihood of osteoporotic frac-
ture calculated by the FRAX approach [18].

The ideal optimal duration of pharmacological treatment 
for postmenopausal osteoporosis remains controversial. The 
decision to continue or discontinue therapy should be based 
on the history and fracture risk, balanced with the risks and 
benefits of the medication.

 Non-pharmacological Treatment

There are three main components in the non- pharmacological 
therapy of osteoporosis: diet, exercise, and the cessation of 
smoking. In addition, the patient should also avoid drugs that 
increase bone loss, such as glucose corticoids.

 Calcium/Vitamin D

An optimum diet for the treatment of osteoporosis includes 
an adequate amount of calories (to prevent malnutrition), 
along with calcium and vitamin D. Postmenopausal women 

should have an adequate intake of elemental calcium in 
divided doses, totaling 1000–1200 mg/day [19].

A recent study with 31,022 patients showed that vitamin 
D supplementation leads to a less than significant reduction 
of 10% in the risk of hip fracture (hazard ratio, HR 0.90, CI 
95% 0.80–1.01) and a 7% reduction in the risk of non- 
vertebral fractures (HR 0.93, CI 95% 0.87–0.99) when com-
pared with a control group. When intake levels were 
differentiated, fracture risk reduction was demonstrated only 
at the highest level of intake (median, 800 IU per day), with 
a 30% reduction in the risk of hip fracture (HR 0.70; CI 95% 
0.58–0.86) and a 14% reduction in the risk of any type of 
non-vertebral fracture (HR 0.86, CI 95% 0.76–0.96) [20].

 Physical Exercise

Women with osteoporosis should perform physical exercise 
for at least 30  min three times a week, since exercise has 
been associated with a reduced risk of hip fracture in older 
women [21].

A recent meta-analysis of 43 random clinical trials with 
4320 postmenopausal women showed a significant positive 
effect of exercise on the BMD of the lumbar spine and tro-
chanter. The most effective type of exercise for femoral neck 
BMD was resistance training using progressive force. A 
combined program that included more than one type of exer-
cise was the most efficient for lumbar spine BMD [22].

 Pharmacological Treatment

There are several medications that can be used in the treat-
ment of osteoporosis. The main medications employed are 
reviewed below (Table 24.4).

Table 24.4 Reduction in fracture incidence

Drugs
Vertebral 
fracture

Non-vertebral 
fracture

Hip 
fracture

Zoledronate + + +
Risendronate + + +
Alendronate + + +
Strontium + + +a

Estrogen + + +
Teriparatide + + −
Calcitriol + − −
Ibandronate + + +a

Raloxifene + − −
PTH 1–84 + − −
Calcitonin + − −
Denosumab + + +
Abaloparatide + + +

Data from Refs. [31, 43–46, 49, 52, 54, 63, 77, 90]
aPost hoc subgroup analysis
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 Estrogens

Several placebo-controlled, randomized studies, including 
the WHI study and the postmenopausal estrogen/progester-
one intervention (PEPI) study, have established that decreases 
in BMD are attenuated by estrogen, resulting in a lower risk 
of fracture [23, 24].

In the WHI study, estrogen-progestin therapy was asso-
ciated with significant reductions in hip fractures (OR 0.7, 
CI 95% 0.4–1.0 unadjusted; less than five hip fractures 
per 10,000 person-years), along with vertebral and other 
osteoporotic fractures (OR 0.7, CI 95% 0.4–1.0 unad-
justed, and OR 0.8, CI 95% 0.7–0.9, respectively) [23]. A 
similar risk reduction for hip fractures was shown using 
estrogens alone (OR 0.61, 95% CI 0.41–0.91), as were 
reductions for vertebral fractures (OR 0.62, 95% CI 0.42–
0.93) [25].

In a forthcoming sample study, the Million Women Study, 
current users in postmenopausal therapy were shown to have 
a significantly lower risk of any fracture when compared to 
nonusers (RR 0.62, CI 95% 0.58–0.66) [26].

The coadministration of a progestogen, cyclically or con-
tinuously, to prevent endometrial hyperplasia does not impair 
the beneficial effects of estrogen [24].

However, estrogen-progestin therapy is no longer a front-
line approach for the treatment of osteoporosis in postmeno-
pausal women, owing to the increased risk of breast cancer, 
venous thromboembolism, stroke, and perhaps also coronary 
disease [23].

 Tibolone

Tibolone is a synthetic steroid whose metabolites have estro-
genic, androgenic, and progestogenic properties. It is used to 
treat osteoporosis in some countries. In postmenopausal 
women with osteoporosis, tibolone use has produced a 
5–12% increase in lumbar spine BMD within 2  years. 
However, despite the fact that the LIFT study has reported a 
reduced risk of vertebral and non-vertebral fractures through 
the use of tibolone, it was stopped at an early stage because 
of the unacceptable risk of cerebral stroke [27]. This casts 
doubt on the drug’s safety.

 Calcitonin

Using calcitonin for the treatment of osteoporosis, a study 
that included 5 years of follow-up with 1255 women with 
T-scores of less than −2 (lumbar spine and at least one verte-
bral fracture) randomly assigned either a placebo or doses of 
100, 200, or 400 IU/day of intranasal calcitonin. A small and 
inconsistent beneficial effect on the vertebral BMD from 

nasal calcitonin treatment was found and included a reduc-
tion in the risk of vertebral fractures [28].

Data on the effect of calcitonin in locations other than the 
spinal column are conflicting.

A recent meta-analysis with heterogeneous results, using 
a limited number of patients, showed calcitonin to be of ben-
efit for the short-term relief of acute pain (less than 10 days) 
in patients who have suffered a vertebral fracture. In con-
trast, calcitonin has not proved to be effective for patients 
with chronic pain (over 3 months) [29].

 SERMs (Selective Modulators of Estrogen 
Receptors)

Selective modulators of estrogen receptors (SERMs) bind 
with high affinity to the estrogen receptor, having agonist 
and antagonist properties that vary, depending on the target 
organ.

Raloxifene is a SERM effective in the treatment of estab-
lished osteoporosis, which increases BMD in both the lum-
bar spine and the hip [30–33] and reduces the risk of vertebral 
fractures [31]. It also appears to reduce the risk of breast can-
cer without stimulating endometrial hyperplasia or vaginal 
bleeding but does seem to increase the risk of venous throm-
boembolism (VTE) [30]. In addition, there are studies that 
refer to an increased risk of fatal cardiovascular accidents 
(CVA) [30, 34]. Although serum concentrations of low- 
density lipoprotein (LDL) cholesterol and total cholesterol 
decrease, there seems to be no change in the risk of coronary 
cardiac disease [30].

However, despite the fact that raloxifene reduces verte-
bral fracture risk in postmenopausal women, it is not clear 
whether there is a reduction in non-vertebral fractures and 
therefore seems to be a less potent anti-resorptive agent than 
alendronate or estrogen [35, 36].

Moreover, unlike the bisphosphonates, SERMs do not 
appear to have a long-lasting effect on the skeleton and have 
no residual beneficial effects on BMD after discontinuation 
of treatment.

In a recent study, raloxifene was shown to decrease the 
mortality rate from all causes, mainly due to the reduction in 
non-cardiovascular and non-oncological deaths owing to a 
mechanism that has yet to be clarified [37].

Tamoxifen, a SERM used most commonly for the treat-
ment of estrogen-dependent breast cancer, also affords 
some protection against bone loss in postmenopausal 
women and can be used to treat osteoporosis by reducing 
fracture rates [38].

Bazedoxifene has also decreased the incidence of new 
vertebral fractures, but not non-vertebral ones, with com-
mon adverse effects that include hot flashes, cramps, low 
rates of endometrial hyperplasia, cancer, polyps, and 
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slightly higher rates of DVT, effects somewhat similar to 
those of raloxifene [39].

Lasofoxifene, like raloxifene, reduces the incidence of 
vertebral fractures but also increases the risk of thromboem-
bolic events, hot flushes, and cramps in the legs. After 5 years 
of use, lasofoxifene has also been shown to be associated 
with a decrease in non-vertebral fractures, an effect that ral-
oxifene has not shown. However, none of the SERMs reduce 
the risk of hip fractures [40].

 Bisphosphonates

Bisphosphonates are synthetic analogues of pyrophosphate 
in which the oxygen bridge is replaced by a carbon atom 
[41]. They suppress bone resorption mediated by osteoclasts 
through a mechanism different from other anti-resorptive 
agents, binding to hydroxyapatite on bone surfaces, particu-
larly those undergoing active resorption. When the osteo-
clasts begin to reabsorb bone that is impregnated with 
bisphosphonate, the bisphosphonate released during resorp-
tion impairs the ability of osteoclasts to form the wrinkled 
edge needed to adhere to the bone surface, thereby producing 
the protons required to continue bone resorption. In addition, 
they also reduce the activity of the osteoclasts, compromis-
ing the development of osteoclast progenitors, along with the 
recruitment and promotion of apoptosis of the osteoclasts. 
There also appears to be a beneficial effect on the osteoblasts 
[42].

Bisphosphonates can be administered orally (alendronate, 
risedronate, ibandronate) or intravenously (zoledronic acid 
at a dose of 5 mg every 12 months and ibandronate in a dose 
of 3 mg every 3 months) [41, 43–46]. They avidly bind to 
bone minerals, especially to trabecular bone, with a high 
degree of specificity [47]. However, oral absorption is low 
(0.6–1.5% of the administered dose). Approximately 
40–60% of the dose is distributed in the bone, the remainder 
being excreted unchanged in the urine without substantial 
metabolism [41].

Oral bisphosphonates should be taken once a week after 
fasting, (alendronate in a dose of 70 mg, and risendronate in 
a 35 mg dose), once a month (ibandronate in a dose of 70 mg 
or risendronate in a 150 mg dose), or on 2 consecutive days, 
once a month (risendronate in a dose of 75 mg). The patient 
must remain upright for at least 30 min after taking the drug 
in order to minimize gastroesophageal reflux and enhance 
absorption. Afterward, food, medications, and other liquids 
should be avoided for at least 30–45 min [43].

Oral and intravenous bisphosphonates are contraindicated 
in patients who have had previous allergic reactions to any 
bisphosphonate, or creatinine clearance estimated at 35 ml/
min or less, vitamin D deficiency (serum 25 hydroxy- vitamin 
D less than 30 ng/ml), osteomalacia, or hypocalcemia [43].

Oral bisphosphonates are also contraindicated in patients 
with impaired swallowing, or esophageal disorders such as 
achalasia, esophageal varices, and severe gastroesophageal 
reflux, or those who are unable to sit for at least 30 min after 
taking the medication [43].

An acute phase reaction (fever, myalgia, bone pain, and 
weakness) occurs in 20% of patients after an initial intrave-
nous infusion of bisphosphonate and, in a very small number 
of patients, during oral therapy. Erosive esophagitis, ulcer-
ation, and bleeding have been associated with daily oral 
therapy using alendronate or risedronate but seldom occur 
with the current regimes (not daily). Heartburn, chest pain, 
hoarseness, and irritation of the vocal cords can occur with 
weekly (alendronate or risedronate) or monthly therapy 
(ibandronate or risedronate) [43].

Osteonecrosis of the jaw is a rare but serious complication 
of long-term therapy that can appear spontaneously, or after 
dental surgery. Case reports suggest that atypical fractures of 
the femur (subtrochanteric and mid-diaphyseal portions) 
may also occur during prolonged therapy [43, 48].

There are no known interactions between bisphospho-
nates and other drugs. Evidence of treatment failure with 
patients adhering properly to a treatment regime indicates 
the need to change from orally administered bisphosphonate 
to intravenous zoledronic or another class of drugs, such as 
anabolic agents (e.g., teriparatide) [43].

Bisphosphonates suppress biochemical indices of bone 
resorption by around 50% in a month, significantly reducing 
the incidence of vertebral and non-vertebral fractures, includ-
ing femoral fractures in patients with osteoporosis within a 
few months after the start of therapy [47].

BMD increases modestly by around 2–6% during the first 
year of treatment. In the lumbar spine, it continues to increase 
slowly for several years, but in the femur, it reaches a plateau 
after about 2  years. Therapy preserves bone, but does not 
increase bone volume or restore the bone structure [47].

In the Fracture Intervention Trial (FIT) [44], postmeno-
pausal women with a high risk of fracture, a low BMD in the 
femoral neck, and at least one vertebral fracture, the alendro-
nate group showed fewer new vertebral fractures (p = 0.001) 
and new hip fractures (p = 0.05), when compared with the 
placebo group [43, 44].

In the vertebral efficacy study with risedronate therapy 
(VERT) [45], 2.458 postmenopausal women with at least 1 
vertebral fracture and lumbar spine T-scores of −2.0 or less, 
the risendronate group had a lower rate of new vertebral frac-
tures after 3 years when compared to the placebo group. In a 
subsequent trial, risedronate also proved to be effective in 
reducing the rate of hip fractures [43, 45].

In the Health Outcomes and Reduced Incidence with 
Zoledronic Acid Once Yearly study (HORIZON clinical tri-
als), 7765 postmenopausal women suffering from osteoporo-
sis were treated with zoledronic acid (5 mg once a year for 
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3 years). When compared to the placebo group, they showed 
a significant reduction in the absolute rate of new vertebral 
fractures as assessed by radiography and also of new hip 
fractures [43, 47, 49] (Table 24.5).

Other placebo-controlled and randomized oral bisphos-
phonate studies, including with ibandronate, clodronate, and 
etidronate, have also shown the efficacy of these medications 
in reducing the risk of new vertebral fractures. However, 
these trials were not shown to have the statistical capacity to 
demonstrate efficacy in the treatment of hip fractures, which 
makes them less useful clinically. Pamidronate has been used 
to treat a variety of bone diseases in children and adults, but 
no studies have evaluated the efficacy of the medication with 
sufficient capacity to treat hip fractures in postmenopausal 
women with osteoporoses [43].

The optimal duration for bisphosphonate therapy remains 
unclear. However, based on available data, it appears likely 
that discontinuation of therapy after 5 years, at least as a tem-
porary pause for 1–2 years, is not harmful and may indeed be 
beneficial in patients with low risk for fractures. It could be 
especially appropriate in patients with an only slightly low 
BMD, which would imply a lower risk of fractures if bone 
loss does occur when the person is not receiving treatment 
[43, 50, 51].

In addition, concern about the occurrence of atypical sub-
trochanteric fractures and osteonecrosis of the jaw during 
prolonged bisphosphonate therapy has led the Food and 
Drug Administration (FDA) to reassess the efficacy of 
bisphosphonate therapy, with extension of the FLEX study 
involving alendronate for 5 more years and the HORIZON 
study with zoledronic acid for 3 more years [52].

This analysis by the FDA revealed little benefit from con-
tinued treatment with bisphosphonates beyond 5 years in the 
final endpoint comprising all vertebral and non-vertebral 
fractures but was consistent in showing significant reduc-
tions in vertebral fracture risk with continued bisphospho-

nate treatment, with no overall reduction in the rate of 
non-vertebral fractures [52].

Observational studies have shown a greater loss of bone 
after discontinuation of therapy with risedronate, but there is 
no data with ibandronate. It is therefore believed that recom-
mendations concerning discontinuation should be limited to 
alendronate and zoledronic acid [52].

On current evidence, according to ASBMR, it can be con-
cluded that with patients showing T-score bone mineral den-
sity at the femoral neck below −2.5 after 3–5  years of 
treatment, it would seem more beneficial to continue with 
bisphosphonates oral bisphosphonates such as alendronate 
for up to 10 years and intravenous such as zoledronic acid for 
up to 6  years [50, 51]. The same applies to patients with 
existing vertebral fractures and a slightly higher T-score, but 
not above −2.0. In cases involving patients with a T-score 
above −2.0 in the femoral neck, there is a low risk of verte-
bral fractures, and they are unlikely to benefit from contin-
ued treatment [52]. The so-called holiday of the 
bisphosphonates is the most suitable for such patients, moni-
toring bone remodeling markers and BMD [50, 51].

In an analysis from data of many clinical trials, Cummings 
et al. [53] found that the greater increase in T-score femoral 
neck or total femur BMD during treatment, the lower likeli-
hood of fracture at any site.

 Denosumab

Denosumab is an IgG2 monoclonal antibody that, similarly 
to the action of osteoprotegerin (OPG), binds with high affin-
ity and specificity to RANK L, preventing it from activating 
its receptor (RANK) on the surface of osteoclasts and their 
precursors. The prevention of the RANKL/RANK interac-
tion inhibits the formation, function, and survival of osteo-
clasts, thereby decreasing bone resorption.

Table 24.5 Reduction in vertebral fracture incidence at pivot trials

Study Increase in BMD (LS) Reduction in vertebral Fxa (RRR) Baseline vertebral Fxa ARR / NNT (3 yr)a Drug
FIT II 8.3% 44% 0% 1.7%/59 Alendronate
FIT I 7.9% 47% 100% 7%/15 Alendronate
VERTMN 7.1% 39% 100% 10%/10 Risendronate
VERTNA 5.4% 31% 100% 5%/20 Risendronate
MORE 2.6% 35% 37% 6.5%/16 Raloxifene
BONE 6.0% 52% 100% 4.9%/21 Ibandronate
FPT 14% 65% 100% 9%/12b Teriparatide
HORIZON 7.0% 70% 60% 7.6%/14 Zoledronate
SOTI 14% 41% 100% 11%/9 Strontium Ranelate
FREEDOM 10% 68% 23% 4.8%/21 Denosumab
ACTIVE 11.5% 85% 22% 3.16%/32c Abaloparatide
ACTIVE 11% 77% 22% 2.43%/41b Teriparatide

Data from Refs. [31, 46, 49, 54, 62, 77, 90]
aFx fracture, RRR relative reduction risk, ARR absolute reduction risk, NNT number needed to treat
b18 months
c24 months

P. N. Mesquita et al.



265

Denosumab is administered via a subcutaneous injection 
(SC) of 60 mg every 6 months, requiring no dose adjust-
ment for renal function. Its safety and tolerability have 
been demonstrated in clinical studies of up to 8 years’ dura-
tion [54, 55].

Studies have demonstrated that a single dose of deno-
sumab leads to significant suppression of bone turnover. Bone 
reabsorption markers decrease substantially within 12–24 h 
after administration of the medication, and this effect has 
been shown to be reversible upon its clearance [56].

The FREEDOM study (Fracture Reduction Evaluation of 
Denosumab in Osteoporosis every 6 Months) was a phase 
III, double-blind, placebo-controlled study lasting 36 months 
and was designed to analyze the effectiveness of denosumab 
in reducing vertebral fractures in postmenopausal women. 
Over 3 years, it evaluated 7808 women with a mean age of 
72.3 years and T-scores < −2.5 and demonstrated a signifi-
cant reduction in the incidence of new vertebral fractures, 
non-vertebral fractures, and hip fractures, along with a sig-
nificantly increased BMD in the lumbar spine (9.2%) and 
total hip (6.0%) when compared to the placebo group 
(p < 0.001). Furthermore, a substudy of FREEDOM (n = 160) 
showed that the medication reduces markers for bone remod-
eling (sCTx and sP1NP) within the first month [54].

The DECIDE study (Determining Efficacy: Comparison 
of Initiating Denosumab versus alendronate) was a phase III, 
multicenter, randomized, double-blind study that compared 
the efficacy and safety of treatment with denosumab vs. alen-
dronate for 12  months in postmenopausal women with 
T-scores < −2.0 and minimal or no exposure to bisphospho-
nates. The women treated with denosumab had significantly 
greater increases in BMD at all sites when compared with 
alendronate and greater suppression of bone remodeling 
markers [57].

The STAND study (Study of Transitioning from 
Alendronate to Denosumab) compared the efficacy and 
safety of patients transitioning from alendronate to deno-
sumab during a 1-year period versus patients who continued 
with alendronate. The study was a multicenter, randomized, 
double-blind study that included 504 postmenopausal 
women with T-scores ≤ −2.0 who had been receiving alen-
dronate for at least 6 months. The study showed that the tran-
sition from alendronate to denosumab is safe and results in 
greater increases in BMD in the lumbar spine, femoral neck, 
and distal radius when compared to the continued use of 
alendronate (p ≤ 0.0125). The administration of denosumab 
further reduced levels of sCTx and P1NP when compared to 
continued use of alendronate [58].

In the DECIDE and STAND studies combined, approxi-
mately 65% of the patients expressed a preference for bian-
nual injections as opposed to daily oral administration [59].

More recently, an extension study evaluated the effects of 
continued treatment with denosumab over an 8-year period, 

showing a constant reduction in bone turnover markers, and 
continuous increases in BMD, achieving a total gain of 
16.5% in the lumbar spine and of 6.8% in the hip [55].

There is evidence of considerable loss of bone mass 
1  year after the cessation of denosumab use, even after 
7–10 years of treatment, and that this fall is directly propor-
tional to the gain of BMD acquired with the use of this 
monoclonal antibody. There was an 8% decrease in BMD in 
LC and total femur and 6% in CF, probably due to the rapid 
differentiation and activation of neutralized osteoclasts, 
restarting the bone remodeling process and raising its turn-
over markers to levels higher than those observed before 
treatment with denosumab. Patients who participated in the 
follow-up of the FREEDOM study presented even more sig-
nificant losses with discontinuation of treatment: a decrease 
in BMD of 44.6% in CF, 103.3% in total hip, and 8.1% in 
LC, besides an increase in 13.15% of fractures in weak wrists 
or vertebrae. Vertebral fractures, inclusive, were the most 
observed after discontinuation of denosumab, hypothesizing 
that the trabecular bone is more affected than the cortical. 
These fractures can be morphometric or clinical, single or 
multiple. It is not yet known whether the risk of fracture fol-
lowing discontinuation of this human monoclonal antibody 
increases or returns to pre-treatment values, nor which 
patients are more likely to have this event, but it is believed 
that those who have had previous vertebral fractures or dur-
ing use of denosumab are at greater risk. The use of another 
anti-resorptive drug such as bisphosphonates after cessation 
of denosumab contributes to the preservation of bone mass in 
the same way as in patients who were treated with bisphos-
phonates before denosumab would have a lower risk of 
hyperactivation of the RANK-RANKL system with their 
suspension [60, 61].

 Parathyroid Hormone

Despite the well-known deleterious effect of parathyroid 
hormone (PTH) on bone, the intermittent administration of 
recombinant human PTH (1–84 or 1–34) is known to stimu-
late bone formation rather than resorption and is effective in 
reducing fractures in women with postmenopausal 
osteoporosis.

PTH 1–34 (Teriparatide, Forteo®) and PTH 1–84 (PreOs) 
belong to a new class of medications, known as anabolic 
agents. Teriparatide is available in the USA and Europe for 
the treatment of severe osteoporosis, and PTH 1–84 has been 
approved in Europe.

Most of the gain in BMD with the use of PTH occurs 
within the first few months, although anti-fracture efficacy is 
evident only after 6 months of treatment. BMD is markedly 
increased (more than treatment with anti-resorptive agents) 
at locations predominantly formed of the trabecular bone, 
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such as vertebrae. When the bones are predominantly corti-
cal, such as radius bones, there is no gain. Furthermore, there 
is evidence that seems to indicate that alterations in BMD 
from the use of PTH start to diminish after 18 months [62].

So far, teriparatide has proved to be safe and effective for 
up to 2 years of treatment. The recommended dose is 20 mg 
daily SC, with no need for dose adjustment due to renal or 
hepatic impairment, since the drug is rapidly absorbed and 
eliminated.

The Fracture Prevention Trial (FPT) studied the use of 
teriparatide (20  mcg or 40  mcg/daily) in 1637 postmeno-
pausal women with prior vertebral fractures, compared with 
a placebo group [62]. After 18 months of treatment, it was 
observed that in the group receiving 20 mcg, BMD increased 
by 9% at the lumbar spine and by 3% in the femoral neck. In 
the group receiving 40 mcg, BMD increased by 13% at the 
lumbar spine and 6% in the femoral neck. There was also a 
significant reduction in the risk of vertebral and non- vertebral 
fractures when compared to the placebo group, but not in a 
dose-dependent manner. It was not possible to obtain com-
plete data on hip fractures, since the number of cases was 
very small.

An extension of the FPT evaluated participants for another 
18  months after discontinuation of teriparatide [63] and 
found that women who used teriparatide showed a small 
decrease in BMD but that a reduction in vertebral fracture 
risk persisted (relative risk reduction of 40% when compared 
to the placebo group).

Similarly, teriparatide and PTH 1–84 showed higher 
increases in bone remodeling markers between the first and 
third month of treatment, especially the bone formation 
markers (sNTx and P1NP). This peak of remodeling markers 
is associated with greater increases in BMD [64].

The PaTh study evaluated the combination of alendronate 
with teriparatide in order to determine whether the combina-
tion of drugs would decrease the anabolic effect of PTH. The 
BMD of the lumbar spine, as well as that of the femoral 
neck, presented greater increases in the group receiving 
teriparatide alone than in groups that received alendronate 
alone, or in combination, demonstrating that alendronate 
reduces the ability of teriparatide to increase BMD [65].

The effects of combination therapy using zoledronic 
acid with teriparatide in women with postmenopausal 
osteoporosis were evaluated over a 1-year period, showing 
a greater and more rapid increase in the lumbar spine and 
hip BMD than when either of the two drugs was adminis-
tered alone [66].

Concern exists regarding the potential loss of bone mass 
that may occur after discontinuation of treatment with 
PTH. Nonetheless, several studies have shown that treatment 
with bisphosphonate, estrogen, or raloxifene after discon-
tinuation of PTH preserves the bone mass gain achieved by 
PTH [67–69].

Parathyroid hormone therapy is indicated in more severe 
cases of osteoporosis (especially with multiple fractures), 
very low T-scores (< −3.0) even without fractures in very 
elderly patients, those with bisphosphonate intolerance, and/
or when dealing with fractures potentially affected by anti- 
resorptive agents.

The main adverse effects of PTH use are nausea, head-
ache, and hypercalcemia and are of more frequent occur-
rence at higher dose levels. The use of PTH is contraindicated 
in children and young adults with epiphyses that are still 
open, tumors or bone metastases, and hypercalcemia. 
Although the risk is only theoretical and demonstrated only 
in mice, patients at high risk for osteosarcoma should also 
avoid using this medication.

Abaloparatide, an analog of PTHrP, a PTH-related pro-
tein, composed of 34 amino acids that transiently and 
potently bind to PTH1 receptors, has a consistent anabolic 
effect, increasing BMD and reducing fracture risk in all sites 
[15, 70–72]. This molecule recently approved for use by the 
FDA presents N-terminal residues common to PTH and 
PTHrP, binding strongly to the receptor common to these 
two peptides, predominantly in a conformation that stimu-
lates the RG-ligand, thus leading to an intracellular signaling 
shorter in relation to teriparatide, which binds in a different 
conformation with stimulation also of the R0-ligand. Its use 
promotes a decoupling between the formation and bone 
resorption processes, causing an increase in P1NP, but a 
lower elevation in CTX levels, when compared to the use of 
teriparatide [71]. The ACTIVE study, designed in patients 
with 22% and 48% of baseline vertebral and non-vertebral 
fractures, showed a reduction of the risk of vertebral frac-
tures in 86%, non-vertebral fractures in 43%, and osteopo-
rotic fractures in 70% plus a 3.4% increase in BMD in total 
hip, 2.9% in femoral neck, and 9.2% in lumbar spine after 
18 months of using abaloparatide 80 mcg/day subcutaneous 
compared to teriparatide [70].

A 25-month extension of the ACTIVE study, which 
observed effects of abaloparatide on BMD and fracture risk, 
compared the use of this drug for 18 months followed by the 
use of alendronate for 6 months versus placebo for 18 months 
followed by alendronate for 6  months. The abaloparatide/
alendronate group had a 12.8% increase in BMD in LC, 
5.5% in total hip, and 4.5% in CF compared to 3.5%, 1.4%, 
and 0.5% in these respective sites for the placebo/alendro-
nate group. The abaloparatide group also showed a lower 
rate of non-vertebral fractures (2.7% vs. 5.6%), as well as a 
58% and 45% lower risk of major osteoporotic fractures and 
clinical fractures, respectively [73].

The 43-month extension of this same study also showed 
positive results for the user group of abaloparatide for 
18 months followed by alendronate for 24 months compared 
to the group that used 18  months of placebo followed by 
24 months of alendronate, an increase of 14.4% in BMD in 
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LC, 6.4% in total hip, and 5.3% in CF, compared to 6.5%, 
2.8%, and 1.6% in these same sites for the placebo/alendro-
nate group [74].

The adverse effects of the use of this new drug are nausea, 
headache, dizziness, and palpitation. Abaloparatide also 
offers advantages over teriparatide in terms of storage with-
out the need for refrigeration [71].

 Strontium

Strontium ranelate consists of two stable strontium atoms 
attached to an organic compound, ranelic acid. The exact 
mechanism of strontium action in humans remains unknown, 
with some possible mechanisms having been proposed. 
These include regulation of bone cell differentiation, stimu-
lation of osteoblast proliferation, inhibition of osteoclast for-
mation, activation of calcium receptor sensors, increased 
expression of OPG, and the stimulated proliferation of pre-
osteoblasts [75, 76]. Its use has been approved in Europe, but 
not in the USA.

In patients taking strontium, the assessment of BMD is 
not a good indicator of fracture risk reduction, because the 
medication is incorporated into the bone, thereby weakening 
DXA ray penetration, since it has an atomic number greater 
than that of calcium and can cause overestimation of the 
BMD [76].

Several clinical studies have confirmed the effectiveness 
of strontium ranelate use for the treatment of postmeno-
pausal osteoporosis. The SOTI (Spinal Osteoporosis 
Therapeutic Intervention) study [77] evaluated women with 
previous vertebral fractures, and the use of strontium was 
associated with a 49% reduced risk of vertebral fractures in 
the first year and a 41% reduction in risk after 3 years, while 
the TROPOS (Treatment of Peripheral Osteoporosis) study 
[78] demonstrated a 16% reduction in the relative risk of all 
non-vertebral fractures over 3  years. During the studies, 
increases in markers for bone formation and reductions in 
markers for resorption were observed, data consistent with 
the idea that this medicine works by stimulating bone forma-
tion and inhibiting bone resorption [77, 78].

A meta-analysis of four studies (including those men-
tioned above) concluded that evidence exists that strontium 
ranelate is effective in reducing the risk of vertebral fractures 
and, to a lesser extent, non-vertebral ones [79].

The main side effects associated with use of the medica-
tion are nausea and diarrhea, which occur most frequently 
during the first 3 months of treatment. Serious adverse effects 
such as severe skin reactions (Stevens-Johns, toxic epider-
mal necrolysis, DRESS - drug reaction with eosinophilia and 
systemic symptoms), in addition to venous thromboembo-
lism, have been reported. However, an extension study last-
ing 10 years showed that long-term treatment with strontium 

is associated with sustained increases in BMD and that it has 
a good safety profile, showing no cutaneous hypersensibility 
reactions, and that the annual incidence of venous thrombo-
embolism was only 0.4% [80]. In any case, the medication is 
not recommended for patients with previous episodes of 
venous thromboembolism or those who are immobilized and 
should be discontinued in the case of skin reactions with no 
resumption of treatment.

 Romosozumab

Sclerostin is produced by osteocytes and has an inhibitory 
effect on bone formation. In animal trials, the administration 
of a monoclonal anti-sclerostin antibody has resulted in 
increased bone mass [81, 82]. An example of therapeutic 
class drugs is romosozumab, not yet approved for use in 
humans.

In a phase I study, 72 healthy subjects were randomly 
selected to receive either AMG 785 (an anti-sclerostin 
monoclonal antibody) or a placebo subcutaneously or intra-
venously administered in a single dose. AMG 785 was well 
tolerated, and dose-dependent increases in markers for 
bone formation, decreased resorption markers, and signifi-
cant increases in BMD at the lumbar spine (5.3%) and hip 
(2.8%) were all observed when compared to the placebo 
group [83].

Romosozumab, a monoclonal anti-sclerostin antibody 
with high affinity for human sclerostin, is a promising option 
for the treatment of postmenopausal osteoporosis in FRAME, 
a phase III study. This study, conducted in patients with ver-
tebral fractures, 18%, and non-vertebral fractures, 22%, 
tested monthly subcutaneous doses of romosozumab 210 mg 
for 1  year, followed by the administration of denosumab 
60  mg subcutaneously in the following year, comparing 
results against another group that received placebo in this 
first year followed by denosumab in the same posology the 
following year. In the first year, clinical fractures were 
reduced by 36% and vertebral fractures by 73%, and CM 
BMD was increased in 13.3%, CF in 5.9%, and total hip in 
6.9%. In the second year of FRAME, vertebral fractures 
were reduced by 75% and clinical fractures by 33%. There 
was also an early and sustained fall in CTX and a rapid 
increase in P1NP, which returned to the baseline only 
9 months after [84].

The ARCH study, another phase III study in high-risk 
patients (vertebral fractures and osteoporotic fractures in 
96% and 99%, respectively), compared romosozumab for 
12  months followed by alendronate for 12  months versus 
alendronate for 24  months, showing extremely positive 
results for the romosozumab group. In this group, there was 
a reduction of vertebral fractures in 48%, non-vertebral frac-
tures in 19%, clinical fractures in 27%, and hip fractures in 
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38%, in addition to decrease in CTX and increase in P1NP 
during the 12 months of use of romosozumab [85].

Based on these evidences, we can infer that romosozumab 
showed a dramatic increase in BMD in the spine and femur, 
increasing bone formation and mineralization in cortical and 
trabecular bones, as well as bone strength and microarchitec-
ture without affecting the resorption process. It also reduces 
the risk of fractures in all osseous sites. Its adverse effects are 
few and generally mild, such as nasopharyngitis, arthralgia, 
lower back pain, and site reaction. Osteonecrosis of the man-
dible and atypical fracture of the femur occurred in one and 
two cases, respectively, corresponding to less than 0.1% of 
the casuistry [85].

Cardiovascular and cerebrovascular safety is still debat-
able and is subject to continuous evaluation due to an increase 
of 70% in the risk of encephalic vascular accident compared 
to the alendronate group [85].

Romosozumab has recently been approved for the treat-
ment of postmenopausal osteoporosis in patients with very 
high risk for fracture [86].

 Transdermal Abaloparatide

The routes of oral and transdermal administration of this 
N-terminal PTHrP 1–34 are currently being evaluated. A 
phase II study showed that 5 minutes per day of use of aba-
loparatide patches for 24  weeks was able to significantly 
increase lumbar spine and total hip BMD in a dose- dependent 
manner, the best response being obtained at a dose of 80 
mcg/day [87].

 Oral Calcitonin

An additional treatment option for women with postmeno-
pausal osteoporosis is oral recombinant salmon calcitonin 
(rsCT) [88, 89]. It acts by inhibiting osteoclastic activity by 
binding to its receptor. The oral route of administration, 
available upon formulation of a complex containing 8- (N-2- 
hydroxy-5-chloro-benzoyl)-aminocaprylic acid (5-CNAC) 
or a synthetic coating composed of polymers and citric acid 
in vesicles, which protect the molecule from calcitonin 
against gastric acidity and intestinal proteolysis, proved to be 
more effective than intranasal [89]. Oral calcitonin was 
effective and safe, which was assessed in a phase III study, 
which showed that oral treatment resulted in an increase 
from baseline in the lumbar spine BMD greater than that 
with nasal spray calcitonin or placebo (1.5% ± 3.2% versus 
0.78% ± 2.9% and 0.5% ± 3.2%, respectively). Oral rsCT 
treatment also resulted in greater improvements in trochan-
teric and total proximal femur BMD and better reductions in 
bone resorption markers. Oral rsCT was safe and well toler-

ated [88], but a possible increased risk for malignancy and 
absence of protective evidence against vertebral fractures 
and frailty make this drug an unpromising option [89]. The 
main adverse events were in the gastrointestinal system; less 
than 10% of women experienced a serious adverse event and 
no deaths occurred in this study [88].
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Osteoporosis in Men

Luigi Gennari, Leonardo Bandeira, Aline G. Costa, 
Natalie E. Cusano, Barbara C. Silva, and John P. Bilezikian

 Introduction

Osteoporosis is a growing health economic problem, affect-
ing more than 200 million people worldwide. This disorder 
occurs as the result of multiple mechanisms that together 
cause loss of bone mass and strength leading to an increased 
risk of fractures, most commonly involving the vertebral 
bodies, the hip, and the forearm. Although osteoporosis has 
traditionally been considered to be a disease of postmeno-
pausal women, epidemiological data indicate that up to 
30–40% of all osteoporotic fractures worldwide occurs in 
men [1], with an estimated lifetime risk for males aged 
50  years or older between 13% and 30% [2, 3], which is 
greater than his likelihood of developing prostate cancer [4]. 
Indeed, given the increase in longevity and growth of the 
population, the number of men with fractures worldwide is 
likely to increase markedly in the years to come [5].

Importantly, the consequences of osteoporotic fractures in 
men are more severe than in women, both in terms of morbid-

ity and mortality [3, 6, 7]. For example, hip fracture, which 
accounts for at least 1/3 of all fractures in men [5], is associ-
ated with a threefold higher mortality rate in men than in 
women [6]. In a large Canadian survey of hip fractures, up to 
10% of elderly men died during hospitalization and more 
than 22 one-third (37.5%) of those who survived to be dis-
charged died within the year [8]. Likewise, men are less likely 
to return to independent living than women, after a hip frac-
ture has occurred [9]. Moreover, similar to women, the abso-
lute risk of a subsequent fracture in men increases substantially 
after the first fragility fracture, and this increase is even 
greater than observed in women [10]. The Australian Dubbo 
Osteoporosis Study noted that the relative risk of a second 
fracture after an initial osteoporotic fracture in a cohort of 
community-dwelling men >60 years old was 3.47 (CI 95%: 
2.69–4.48), while for women, the relative risk of the second 
fragility fracture was 1.97 (CI 95%: 1.71–2.26). Mortality 
risk was also greater when the second fracture occurred, again 
with men showing greater mortality [11.3 per 100 person-
years (95% CI, 9.8–13.0)] than women [7.8 per 100 person-
years (95% CI, 7.1–8.5)] [2]. In MrOs, a large prospective 
epidemiologic cohort of elderly men, the advent of a rib frac-
ture resulted in a twofold increased risk of future rib, hip, or 
wrist fracture, independent of BMD or other factors [11].

Despite these points, still a minority of men are screened 
and treated for osteoporosis and fracture prevention, even 
after the first fragility fracture has occurred. A recent analy-
ses from Korea, which included 556,410 individuals aged 
50 years and older who experienced their first osteoporotic 
fracture, showed that only 19% of men received anti- 
osteoporosis therapy after the fracture, a much lower rate 
than observed among women (42%) [12].

 Clinical Case

A 53-year-old male is referred for a diagnostic evaluation of 
osteoporosis due to the occurrence of a humerus fracture fol-
lowing a minor trauma. There is a strong family history of 
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osteoporosis on his paternal side with his father and two 
uncles all affected. He is otherwise healthy but reports previ-
ous wrist and rib fractures in childhood, mainly related to 
minor trauma during sporting activities. The patient drinks 
one glass of wine on average per day and is a past smoker 
(about five to ten cigarettes per day from age 18 to age 37). 
He is not taking any medication, and there is no previous his-
tory of corticosteroid, thyroid hormone, antiseizure, or anti-
depressive medication use. His diet is relatively poor in 
calcium-containing foods. His exercise routine, over the past 
10–15 years, consists of swimming and playing tennis one to 
two times per week. There has been no height loss from his 
peak of 173 cm.

Past medical history Previous rib and wrist fractures during 
childhood, as noted.

Personal and social history Married, two daughters (23 and 
19 years old), both of whom are healthy.

Family history Father died at 77 from myocardial infarction. 
His mother is 74 years old with hypertension and diabetes. 
He has no siblings. A strong family history for osteoporosis 
is as noted.

Physical examination Height 173 cm, weight 65 kg, BMI 
21.7 kg/m2. Examination of the heart, lungs, and abdomen is 
normal. There are no physical findings of hypogonadism or 
other signs suggesting the presence of a secondary cause of 
osteoporosis.

Laboratory results Calcium, 9.0  mg/dL (nl: 8.9–10.1); 
phosphorus, 3.7 mg/dL (nl: 2.5–4.5); creatinine, 0.88 mg/dL 
(nl: 0.76–1.27  mg/dL); PTH, 34  pg/mL (nl: 15–65); 
25-hydroxyvitamin D, 23 ng/mL (nl: 30–50 ng/mL); alkaline 
phosphatase activity, 36  IU/L (nl: 33–96); bone-specific 
alkaline phosphatase 7 mcg/L (nl: 6–30); and serum 
C-terminal telopeptide of type 1 collagen 0.334 ng/mL (nl: 
0.142–0.522). Total testosterone is 634  ng/dL (nl: 260–
1000 ng/dL) with normal FSH and LH levels. Serologies for 
gluten enteropathy are negative. Liver function is normal. 
Serum and urine protein electrophoresis is normal. 24-hour 
urine collection for calcium (180 mg/g creatinine) and corti-
sol (20 μg) are normal.

Bone Density results Dual-energy X-ray absorptiometry 
reveals a bone mineral density (BMD) T-score of −2.7 in the 
lumbar spine, −2.4 in the total hip, and −2.6 at the femoral 
neck.

Summary
The patient has a strong family history for osteoporosis, 
without any additional risk factors, except for a previous 
childhood fractures and past smoking. Bone densitometry 

confirms the diagnosis of osteoporosis. Without any second-
ary causes, he would be classified as “idiopathic osteoporo-
sis.” The low bone density and recent fragility fracture 
indicate that he is a candidate for pharmacological therapy.

 Key Points to the Diagnosis of Bone Loss 
in Men

 Medical History and Physical Examination

Osteoporosis remains largely underdiagnosed and under-
treated in men. Thus, the presence of risk factors (e.g., fam-
ily history, long-term glucocorticoid therapy) or clinical 
features like kyphosis, height loss, decreased libido, previ-
ous fracture, or back pain should be considered in order to 
identify men with osteoporosis [13–15]. Medication history 
should particularly focus upon the use of glucocorticoids, 
thyroid hormone, antiseizure medications, and serotonin 
reuptake inhibitors.

The physical examination should always include height 
so that a comparison can be made with the historical record 
of peak height. Height loss of more than 5 cm calls for imag-
ing studies such as spinal X-ray or vertebral fracture assess-
ment by dual-energy X-ray absorptiometry (DXA), in order 
to investigate the possibility of a vertebral fracture. The pres-
ence or absence of kyphosis and/or scoliosis should be also 
considered, as well as an examination of body composition, 
mobility, and muscle mass, since frailty and sarcopenia are 
associated with an increased risk of falls and fragility frac-
tures [16–18]. In this respect, hand grip strength analysis and 
tests of physical performance (e.g., the 6-meter walk test) are 
helpful tools to identify men at higher risk of falls and frac-
tures [19].

Because secondary osteoporosis is common in men, 
major signs or symptoms for the following conditions should 
be sought: hypogonadism (testicular size, hair pattern, 
decreased libido), hyperthyroidism (neck exam, reflexes, 
heat intolerance, fatigue, muscle weakness, fine tremors of 
hands and fingers, Graves’ ophthalmopathy), Cushing’s syn-
drome (supraclavicular fat pads, “buffalo” hump, skin thick-
ness, striae rubrae, proximal muscle weakness), chronic 
obstructive pulmonary disease (anterior-posterior chest 
diameter, distant breath sounds, breathing difficulty, wheez-
ing, cough, cyanosis), alcoholism (liver size, palmar ery-
thema), and intestinal malabsorption syndromes (leanness, 
anemia, diarrhea). Any of the above findings can be helpful 
clues to the differential diagnosis of osteoporosis.

 Laboratory Tests

Routine laboratory testing should include serum calcium, 
phosphate, albumin, creatinine with estimated glomerular 
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filtration rate, alkaline phosphatase activity, liver function 
tests, complete blood count, and 24-hour urine for calcium 
excretion [13–15]. Given the widespread prevalence of vita-
min D deficiency, serum 25-hydroxyvitamin D levels should 
also be routinely measured [20, 21].

Depending on the history and the physical examination, 
further tests such as thyroid function, PTH levels, total and 
free testosterone (and perhaps also free estradiol), and tissue 
transglutaminase antibodies should be also investigated in 
the consideration of a secondary cause of osteoporosis.

Despite the fact that higher levels of bone turnover mark-
ers (e.g., the C-terminal telopeptide of type 1 collagen as a 
marker of bone resorption or the type 1 procollagen amino- 
terminal- propeptide as a marker of bone formation) are asso-
ciated with greater bone loss in men, their use for the 
diagnosis and the follow-up of antiosteoporotic treatment in 
men remains controversial [22, 23]. Nevertheless, if bone 
turnover markers are markedly elevated, ongoing bone loss 
is likely. On the other hand, reduced bone formation mark-
ers, indicated low turnover osteoporosis, have been often 
associated with idiopathic osteoporosis in young or middle- 
aged men [15].

 Bone Mineral Density (BMD)

The measurement of BMD represents a gold standard for the 
diagnosis of osteoporosis in men for the same reason that it 
is a diagnostic standard in women. In short, reduced bone 
density is a very powerful predictor of the fragility fracture. 
In a prospective analysis of more than 5000 men from the 
MrOS cohort, hip BMD was even a stronger predictor of hip 
fracture than what has been established in a comparably 
large prospective study of women. Per SD reduction in 
BMD, the increase in fracture risk in men is more than three-
fold; in women, it is twofold [24].

The clinical practice guidelines from the Endocrine 
Society, in agreement with International Society of Clinical 
Densitometry and the National Osteoporosis Foundation, 
recommend BMD testing at the hip and spine for all men 
aged above 70 years (which is considered by itself to be a 
sufficient risk factor for osteoporosis) or for men aged 
50–69 years with a history of fracture or with other risk fac-
tors or predisposing conditions [25]. The risk factors included 
in this latter directive include excessive alcohol intake, 
smoking, rheumatoid arthritis, glucocorticoid use (>5  mg 
prednisone or equivalent for >3 months), use of gonadotropin- 
releasing hormone agonists, low body weight, chronic 
obstructive pulmonary disease, hyperparathyroidism, hyper-
thyroidism, hypogonadism, and family history of hip frac-
ture [13–15, 26–28]. Some experts advocate extending this 
screening window to men with hypercalciuria/nephrolithia-
sis and those with a history of constitutionally delayed 
puberty. Importantly, it should be noted that a history of a 

fragility fracture, defined as a fracture occurring spontane-
ously or after minor trauma (e.g., a fall from a standing 
height), can be considered diagnostic of osteoporosis, irre-
spective of BMD assessment. In this case, the BMD test is 
performed not to make the diagnosis but rather to determine 
the extent of bone loss and its pervasiveness. BMD of spine 
and hip is the recommended DXA measurement sites. The 
measurement of forearm BMD (at the distal 1/3 radius) is 
recommended in men with hyperparathyroidism, those 
receiving androgen deprivation therapy (ADT) for prostate 
cancer or when spine and hip BMD cannot be interpreted 
(e.g., osteoarthritis or hip prosthesis) [25].

As in women, the densitometric diagnosis of osteoporo-
sis is established with a BMD T-score of −2.5 or less (i.e., 
2.5 standard deviations below average peak BMD) [29] at 
the lumbar spine, total hip, or femoral neck. However, in 
the male population, there is still controversy on whether 
the young female or male reference ranges should be used 
to calculate T-scores. The Endocrine Society Guidelines 
and the International Society of Clinical Densitometry [25, 
30] both have recommended the male-specific reference 
range (25–30 year-old young men who have achieved peak 
bone mass). Conversely, other organizations, like the 
International Osteoporosis Foundation, recommend that 
the reference female database be used for men [31, 32]. 
The uncertainty over which referent database to use is a 
result of a differing opinion as to which is more important 
clinically: absolute fracture risk or relative fracture risk. 
The argument for using a male referent database for men is 
that the relationship between BMD and fracture risk is 
similar among men and women. The relative risk using the 
male referent database is the same for a T-score of −2.5 as 
it is for a woman whose T-score is −2.5 using a female 
referent database. However, even though relative risk is the 
same, using the gender- specific referent standard, absolute 
risk is not. A man’s T-score of −2.5 confers a lower abso-
lute risk of fracture than a woman’s because the risk of 
fracture is lower in men than in women at any T-score. 
This latter point has led experts to recommend that the 
female database be used for both men and women. The 
absolute risk of fracture is a function of the absolute BMD 
in g/cm2, not the T-score. If this approach is taken, how-
ever, the diagnosis of osteoporosis in men will be made 
less frequently and, to a certain extent, will be inconsistent 
with epidemiological data on fracture incidence in men. 
Therefore, utilization of the male database seems to make 
more sense. For example, in the population-based cohort 
of MrOS, the proportion of men identified as having osteo-
porosis at baseline was 2.2% using the reference female-
specific T-score and 9.4% using the male-specific T-score 
[33]. Recently, a Spanish cohort of men aged ≥50 years 
showed that the prevalence of osteoporosis was 1.1% using 
the female reference database and 13% using the male ref-
erence database [34].
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 Fracture Risk Algorithms

Recently the use of algorithms such as FRAX® or Garvan, 
incorporating major risk factors for osteoporosis, has been 
suggested to improve the prediction of fracture risk over 
simple BMD measurement, as well as for the selection of 
patients for treatment [35].

The fracture risk calculation tool FRAX® is a country- 
specific algorithm, applicable to men and women [36, 37], 
widely used in many countries throughout the world. 
FRAX® incorporates established clinical risk factors besides 
BMD (e.g., height, weight, age, sex, family history of hip 
fracture, glucocorticoid use, rheumatoid arthritis, alcohol 
intake, smoking, secondary causes of osteoporosis) and cal-
culates a 10-year probability of hip fracture and major osteo-
porotic fracture (clinical vertebral, hip, forearm, or humerus). 
Its most important application is to identify those with low 
bone density, but not osteoporosis, who are at high risk for 
fracture. In a study of 5891 men of MrOS Study, it was 
reported that FRAX® predicted hip fracture well, although it 
performed less well in prediction of other major osteoporotic 
fractures [38]. In a more recent analysis in 62,275 women 
and 6455 men from the Manitoba Registry, FRAX was a 
strong and consistent predictor of major osteoporotic frac-
tures and hip fractures in both genders [39]. In the United 
States, treatment with a pharmacological agent is recom-
mended if the 10-year fracture risk by FRAX® for a major 
osteoporotic fracture is ≥20% or for a hip fracture is ≥3% 
[25].

 Differential Diagnosis of Bone Loss in Men

As in women, osteoporosis in men is typically classified into 
two different categories, primary and secondary. Indeed, sec-
ondary causes seem more prevalent in men [13–15], occur-
ring in up to 50% of cases. However, information from 
population-based studies is limited in this respect, and the 
observed higher prevalence of secondary osteoporosis in 
men in clinical practice might reflect less active case finding 
(e.g., fewer DXA measurements in men outside the context 
of secondary causes). In other words, it is possible that men 
are not as likely to be screened for osteoporosis by DXA test-
ing as are women unless they already have been discovered 
to have risk factors. Moreover, even with a clearly known 
risk factor, such as use of androgen deprivation therapy, just 
a minority of the patients seems to undergo DXA, as shown 
by Kirk et al. [40]. The three most important causes of osteo-
porosis in men are excessive alcohol intake, hypogonadism 
(which includes men who have been therapeutically cas-
trated for prostate cancer), and glucocorticoid excess (e.g., 
endogenous Cushing’s syndrome and hypercortisolism or, 
more commonly, chronic glucocorticoid therapy) [13]. Other 

relevant etiologies to be considered include thyroid disor-
ders, gastrointestinal disorders (e.g., celiac disease can be 
subclinical), hypercalciuria, chronic obstructive pulmonary 
disease, organ transplantation, neuromuscular disorders, sys-
temic illnesses, and medications. Furthermore, in the setting 
of a fragility fracture, diagnostic tests to rule out a pathologic 
condition such as multiple myeloma or skeletal metastases 
are necessary [13]. An emerging major category of second-
ary osteoporosis in both genders is represented by type 2 dia-
betes, which increases bone fragility despite normal or 
higher than normal BMD levels [41]. In 2018 the International 
Osteoporosis Foundation (IOF) recommended DXA should 
be done in all diabetic patients aged 50 years and older. Since 
bone density is underestimated in these patients, treatment 
could be considered at a higher T-score (−2 SD) than in non-
diabetic patients, and fracture risk should be adjusted by 
including rheumatoid arthritis on FRAX tool [42].

It is not uncommon that no obvious etiology to the osteo-
porosis is identified, besides aging itself. In men over the age 
of 70, it is appropriate to use the term age-related. While 
diagnostic codes still use the terminology of senile osteopo-
rosis, we prefer the term age-related to avoid the negative 
connotations of the word “senile.” In individuals who are 
under 70, aging would seem to be an inadequate explanation. 
Lacking a clear-cut cause in these younger men, osteoporo-
sis in these individuals is often referred to as primary or idio-
pathic osteoporosis. Although this category is clearly a 
heterogeneous one, most of the men in this group present a 
rather typical clinical and histomorphometric phenotype that 
differs from age-related osteoporosis, namely, decreased 
bone formation [15, 43]. Most of the structural skeletal 
abnormalities found in men with primary osteoporosis have 
been related to alterations in the endocrine system and par-
ticularly to impaired IGF-1 and sex hormone action [13–15]. 
Genetic factors also have a relevant role in primary osteopo-
rosis [44, 45], and either association studies or next- 
generation sequencing analyses of rare pedigrees with early 
onset osteoporosis identified polymorphisms or mutations in 
members of the WNT-LRP5 pathway as a possible cause of 
bone fragility in young or middle-aged individuals from both 
genders [46]. Genetic variation of the aromatase CYP19 
gene or genes encoding for components of the insulin-like 
growth factor system may also play a role in some cases 
[47–49].

 Selection of Men for Pharmacological 
Treatment

At present, there is no universally validated strategy for ther-
apeutic decision making in men. Based on cost-effectiveness 
analysis in the United States, as recommended by the NOF 
[50] and subsequently endorsed by the Endocrine Society 
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[25], pharmacological treatment is recommended under the 
following conditions: (1) all men with a hip or vertebral frac-
ture occurring without major trauma; (2) men without fragil-
ity fractures but whose BMD of the spine and/or hip is −2.5 
SD below the mean of normal young males; (3) men who are 
receiving long-term glucocorticoid treatment with predni-
sone or equivalent >7.5 mg/dL daily for more than 3 months, 
also according to the guidelines of the American Society for 
College of Rheumatology [51]; and (4) men with BMD 
within the osteopenic range (T-score between −1.0 and −2.5 
SD at the spine and/or hip) showing a FRAX-calculated 
10-year fracture probability greater than or equal to 3% and 
20%, respectively, for hip and major osteoporotic fractures. 
Generally, the latter indication is not followed in most coun-
tries outside United States, where additional region-specific 
criteria are used.

 Approved Treatments for Male Osteoporosis

The management of osteoporosis in men should consist of 
both general measures and the use of pharmaceuticals with 
either antiresorptive or anabolic activity on the bone. General 
measures should include exercise (tailored to the patient’s 
capabilities and possibly including weight-bearing activi-
ties), smoking cessation, alcohol restriction (less than 3 units 
per day), and adequate calcium and vitamin D intake [25]. 
The recommended amount of daily calcium follows the 
Institute of Medicine’s recommendation of 1000–1200 mg/
day, ideally obtained from dietary sources, with the use of 
calcium supplements only in case of a diet that does not con-
tain the recommended intake. Adequate vitamin D intake 
varies as a function of the patient’s 25-hydroxyvitamin D 
level which should be between 20 and 50  ng/mL (50–
125  nmol/l). This lower limit comes from the Institute of 
Medicine’s guidelines. It should be noted, however, that the 
IOM did not make recommendations for an osteoporotic 
population, only for the normal population. Other authorita-
tive organizations, like the Endocrine Society, recommend a 
higher threshold of 30  ng/mL (75  nmol/l) [25, 52, 53] to 
define adequacy. Calcium and vitamin D supplementation 
should be considered as inherent part of all pharmacological 
approaches to the treatments of osteoporosis in men in the 
same manner that we emphasize these nutritional elements 
in women with osteoporosis.

Most of the pharmacologic agents that are currently avail-
able for men with osteoporosis have been previously tested 
much more extensively and approved for women. The stud-
ies in men, in general, have not included adequate numbers 
of patients to ascertain a change in fracture incidence. With 
only a few exceptions, surrogate endpoints such as increases 
in BMD and changes in bone turnover markers have been 
used. On the whole, however, even without fracture end-

points, it seems likely that the efficacy of these drugs in men 
is similar to that in women [25, 54]. Medications available at 
this time to treat male osteoporosis can be grouped according 
to their chemical class and function.

 Antiresorptive Agents

 Bisphosphonates
As in women, aminobisphosphonates are the mainstay of 
therapy for osteoporosis in men. The current agents approved 
by the Food and Drug Administration (FDA) for the treat-
ment of male osteoporosis are alendronate or risedronate, as 
oral regimens, and zoledronic acid, as an intravenous infu-
sion. The oral aminobisphosphonates require morning dos-
ing, on an empty stomach with plain water and waiting 
approximately 30 minutes before eating, drinking, or taking 
other medications. Overall, either oral or intravenous amino-
bisphosphonate regimens for male osteoporosis are gener-
ally well tolerated. The most common adverse events include 
upper gastrointestinal symptoms described with oral regi-
mens and an acute phase reaction (e.g., fever, headache, 
musculoskeletal pain) described in up to 40% of cases after 
the first zoledronic acid infusion. Severe adverse events such 
as osteonecrosis of the jaw (ONJ) and atypical femoral frac-
ture (AFF) are described very rarely in both genders and 
mostly in case of long-term, continuous treatment regimens. 
While ONJ and AFF are very serious events, and thus 
accorded much publicity, it is important to recognize that 
they occur very rarely. In virtually all analyses that have con-
sidered the risk-benefit profile of these drugs, the risk of not 
treating (i.e., a hip fracture) is always much greater than the 
risk of either of these rare events.

Alendronate is given weekly (70  mg) although a daily 
10 mg formulation is still available. Both the weekly and the 
daily formulations led to similar BMD increases in men and 
reduced bone turnover markers [55]. In a first, randomized, 
placebo-controlled trial, Orwoll and colleagues [56] showed 
that 2-year alendronate treatment significantly increased 
lumbar spine (+7.1%), femoral neck (+2.5%) and total body 
(+2.0%) BMD. The extent was very similar to that seen pre-
viously in studies of postmenopausal women. BMD increases 
were independent of baseline free testosterone, age, baseline 
BMD T-score, and presence or absence of prevalent verte-
bral fractures. Of interest, height loss was also reduced in the 
alendronate-treated group over placebo, as was the incidence 
of vertebral fractures. The number of nonvertebral fractures 
was too low to evaluate the effect of alendronate treatment in 
their prevention. Comparable incremental effects on BMD in 
men and women with primary and secondary osteoporosis 
were observed in subsequent studies [57–62] [52–57]. A 
meta-analysis of randomized controlled trials indicated that 
alendronate treatment efficiently reduces the risk of vertebral 
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fractures in men with low bone mass or fractures (odds ratio 
0.44; 95% CI 0.23–0.83), but there was insufficient evidence 
to prove a significant effect on nonvertebral fractures (OR 
0.60; 95% CI 0.29–1.44) [63]. Of note, the relative risk of 
vertebral fracture in alendronate-treated men was similar to 
that previously observed in a meta-analysis of data from 
postmenopausal women [64].

Risedronate, taken either daily (5 mg), weekly (35 mg) or 
monthly (150 mg), is effective in the treatment of primary 
and secondary causes of bone loss in men [65, 66]. In an 
open-label clinical trial conducted by Ringe et  al., daily 
treatment with risedronate 5 mg for 1 year reduced the inci-
dence of a new vertebral fracture by 60% compared to pla-
cebo which was sustained for the second year of treatment 
and associated with BMD improvements at the lumbar spine 
(+6.5%), femoral neck (+3.2%), and total hip (+4.4%) [65, 
66]. In a 2-year, randomized, double-blind, placebo- 
controlled study in men with osteoporosis, Boonen et  al. 
demonstrated that weekly risedronate is as effective as daily 
risedronate in terms of reductions in bone turnover markers 
and increases in BMD [67]. There were very few fractures in 
that study, and a difference between placebo and the treat-
ment arms could not be ascertained. In a 2-year open-label 
extension of this trial, risedronate was associated with fur-
ther increases in BMD [68]. Risedronate has also been shown 
to be effective in the treatment of bone loss in men >65 years 
of age who have sustained a cerebrovascular accident. 
Although the number of hip fractures was small in that study 
(ten in the placebo vs two in the risedronate groups), risedro-
nate was associated with a significant reduction in hip frac-
ture incidence [69]. A newer formulation of risedonate (DR 
35 mg) is available that can be taken after breakfast [70].

Zoledronic acid is administered intravenously at a dose of 
5 mg once yearly for the treatment of osteoporosis. It was as 
effective as alendronate in increasing BMD and in reducing 
bone turnover markers in men with idiopathic osteoporosis 
or osteoporosis due to hypogonadism [71], while it was 
superior to risedronate in increasing BMD and reducing 
bone turnover markers in the treatment and prevention of 
glucocorticoid-induced osteoporosis [72]. Moreover, in the 
HORIZON Recurrent Fracture Trial (RFT), performed in a 
mixed male and female sample of patients with a recent low- 
trauma hip fracture (within 90 days of surgical repair), zole-
dronic acid lowered the subsequent clinical fracture rate and 
decreased mortality compared with placebo [73]. A subse-
quent gender-specific analysis of the same trial showed that 
the BMD increases in men were of a similar magnitude to 
those observed in women. However, the male subset was too 
small to allow a gender-specific analysis of fracture and mor-
tality [74]. Of interest, a placebo-controlled trial was specifi-
cally designed to assess fracture endpoints in a large cohort 
of 1199 men (50–85 years old) with primary or hypogonadism- 
associated osteoporosis [75]. Zoledronic acid or placebo was 

administered at baseline and at 1 year. The primary endpoint 
was the percentage of men who sustained one or more new 
morphometric vertebral fractures after 24 months. Overall, 
patients treated with zoledronic acid had a 67% reduction in 
relative fracture risk after 2 years and a 3.2% reduction in 
absolute risk (4.9% vs 1.6%; p = 0.0016). Furthermore, the 
group that received active drug experienced fewer moderate 
to severe vertebral fractures (p = 0.026) and less height loss 
(p = 0.0002) in comparison to placebo. Results were similar 
in men with osteoporosis due to hypogonadism and in men 
with normal testosterone levels. No difference was seen in 
serious adverse events between the zoledronic acid and pla-
cebo groups [75]. Although the power of the study to detect 
a reduction in the risk of nonvertebral fracture was modest, 
rates of nonvertebral fracture were consistently lower with 
zoledronic acid than placebo and with similar point estimates 
to that reported in larger studies involving women. This 
study is a landmark in that it was designed to establish frac-
ture efficacy for a bisphosphonate in men with osteoporosis.

 Denosumab
Denosumab is a human IgG antibody that binds to and inac-
tivates RANKL (receptor activator of nuclear factor-kB 
ligand) [76, 77]. Based on the results of a large phase 3 reg-
istration trial with fracture endpoints, this potent antiresorp-
tive therapy was approved for postmenopausal women at 
high risk for fracture in the United States and Europe in June, 
2010. It is administered subcutaneously at a dose of 60 mg 
every 6  months. Not cleared by renal mechanisms, it has 
been shown to be efficacious in subjects with creatinine 
clearance values <30  cc/min, where bisphosphonate treat-
ment is generally contraindicated. In men, the use of deno-
sumab was firstly investigated in a trial of men receiving 
androgen deprivation therapy (ADT) for nonmetastatic pros-
tate cancer [78]. In that study, the standard dosing regimen of 
denosumab, 60  mg administered subcutaneously every 
6  months, not only reduced bone turnover and increased 
BMD, but it also significantly reduced the incidence of new 
vertebral fractures at 36 months (relative risk, 0.38; 95% CIs 
0.19 to 0.78; P = 0.006). In another highly relevant study, a 
12-month, phase 3, randomized controlled trial in men with 
low BMD showed significant increases in lumbar (5.7%) and 
femoral (2.4%) BMD versus placebo [79]. These increments 
were comparable to those reported in the larger trial in post-
menopausal women, where efficacy of denosumab on the 
prevention of vertebral and nonvertebral fractures was dem-
onstrated. On the basis of this additional information, both 
the FDA and European Medicine Agency (EMA) in 2012 
extended the registration of denosumab to all men with 
osteoporosis at high risk for fracture.

Data in postmenopausal women who used denosumab for 
10 years showed that the medication continued to be  effective 
in improving bone mass and reducing fractures, without 
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increasing the incidence of adverse events [80, 81]. However, 
its discontinuation leads to a rapid increase in BTMs, a 
reduction in BMD with an increased risk of fractures, espe-
cially in patients with a previous history of vertebral frac-
tures. For this reason, if treatment with denosumab needs to 
be stopped, another medication (e.g., bisphosphonates) 
should be started [82–84].

 Osteoanabolic Agents

These medications have extended our therapeutic options for 
osteoporosis since they can directly stimulate bone forma-
tion over bone resorption and thus, in some instances, they 
may restore bone quality and quantity to a greater extent that 
can be obtained with inhibitors of bone resorption. To date, 
the only available osteoanabolic agent approved worldwide 
for the treatment of osteoporosis in men is teriparatide, the 
1–34 amino terminal fragment of the intact PTH molecule. 
Teriparatide is administrated as a daily 20 μg subcutaneous 
injection for no more than 24 months.

In a trial in men with idiopathic osteoporosis or osteopo-
rosis due to hypogonadism Orwoll et al. showed that treat-
ment with teriparatide for 11  months increases BMD to 
virtually the same extent as in women over that same period 
of time [85]. Participants were followed for 30 months after 
the drug was discontinued due to early termination of the 
trial. Over this period of time, some received antiresorptive 
therapy. After discontinuation 18 months later, there was an 
overall reduction in moderate to severe vertebral fractures 
when the original teriparatide treatment groups (20 and 
40 μg) were compared to the original placebo group [86]. In 
glucocorticoid-induced osteoporosis, a clinical trial in which 
men were included showed that teriparatide promotes better 
BMD outcome and lower vertebral fractures when compared 
with patients treated with alendronate [87, 88]. As shown in 
the study of Kaufman et al. [86] as well as other studies, dis-
continuation of teriparatide therapy is associated with rapid 
reductions in BMD if a bisphosphonate is not used promptly 
thereafter [89].

In women who have previously been treated with an anti-
resorptive drug and sequentially with teriparatide, the 
actions of teriparatide may be delayed [90]. However, 
effects of prior bisphosphonate therapy are overcome, usu-
ally with the first 6 months of PTH treatment. In men, simul-
taneous therapy with teriparatide and alendronate gave no 
densitometric advantage over monotherapy with teripara-
tide alone [91]. Walker et al. reported a randomized, double-
blind study to evaluate the combination of teriparatide and 
risedronate. A total of 29 men, aged 37–81 years, with low 
BMD at the spine, hip, or distal radius, were enrolled [92]. 
Patients were randomized to receive risedronate 35  mg 
weekly plus daily- injected placebo, teriparatide 20 μg sub-

cutaneously daily plus weekly oral placebo, or both risedro-
nate plus teriparatide (combination) for 18  months. BMD 
gains at the lumbar spine were seen in all three groups 
(p  <  0.05), but there were no between-group differences. 
However, total hip BMD increased to a greater extent in the 
combination group (3.86  ±  9.2%) versus teriparatide 
(0.29  ±  8.0%) or risedronate (0.82  ±  8.0%; p  <  0.05 for 
both). Femoral neck BMD also increased to a greater extent 
in the combination group (8.45 ± 14.1%) versus risedronate 
(0.50 ± 12.2%; p = 0.002), but was not different from teripa-
ratide alone.

The safety of teriparatide has been reviewed with specific 
reference to reports of osteosarcoma in rats when adminis-
tered very large doses for a large proportion of a rat’s life [93, 
94]. The 10-year history of parathyroid hormone as a treat-
ment for osteoporosis does not provide any evidence that 
osteosarcoma is a risk when teriparatide or PTH(1–84) is 
used for the treatment of osteoporosis [95, 96]. The drug has 
now been available for 16 years without any negative signals 
surfacing in this regard.

 Testosterone Replacement

Treatment of male osteoporosis with testosterone focuses 
upon men with hypogonadism, which is a major cause of 
secondary osteoporosis in men. There is no rationale for 
using testosterone in men who are eugonadal. However, 
despite the well-documented effects of androgen on perios-
teal bone apposition and the positive results on BMD of 
testosterone supplementation in hypogonadal men [97], 
evidence for fracture efficacy is weak [98]. Moreover, con-
cerns about the effect of androgens on the prostate and the 
cardiovascular system have not been completely ruled out, 
and the long-term risk to benefit ratio of prolonged testos-
terone replacement in elderly men has not been well estab-
lished [99]. Indeed, most of the antiresorptive and 
osteoanabolic agents available in men have been shown to 
be effective in preventing bone loss in patients with hypo-
gonadism and low testosterone levels. Therefore, the rec-
ommendations of the Endocrine Society emphasize the use 
of bisphosphonates and other approved therapies for hypo-
gonadal men [25]. This also applies to men at high risk of 
fracture who are receiving testosterone for hypogonadal 
symptoms (e.g., low libido, hot flushes, unexplained 
chronic fatigue). The use of androgen replacement in “lieu 
of a bone drug” is actually restricted to men with low tes-
tosterone levels (<200 ng/dl) who are symptomatic and in 
whom there are contraindications to the approved pharma-
cological agents for male osteoporosis. If hypogonadal 
symptoms are not ameliorated after 6  months of therapy, 
testosterone should be discontinued, and another therapy 
should be considered.
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 Future Therapeutic Approaches

Due to progress in understanding bone biology, novel and 
promising therapeutic targets for anabolic and antiresorptive 
treatments for osteoporosis have been recently identified. At 
the same time given the pivotal role of estrogen on the male 
skeleton, as established by experimental and clinical obser-
vations, the use of compounds targeting the estrogen recep-
tor, such as selective estrogen receptor modulators (SERMS) 
has been also proposed.

 Selective Estrogen Receptor Modulators (SERMs)

The rationale for considering an estrogen-like treatment for 
osteoporosis in men rests with the studies clearly linking 
estrogen deficiency to age-related bone loss in men and the 
pivotal role that estrogen plays in the acquisition of peak 
bone mass in men [100]. Indeed, while androgen mainly 
stimulates periosteal cortical apposition and exerts an ana-
bolic effect on muscle mass (thus decreasing the risk of falls 
in the elderly), estrogen is prominently involved in the regu-
lation of bone turnover and the prevention of bone loss in 
both genders. Interestingly, in a study in eugonadal osteopo-
rotic men, the increases in BMD and the reduction in bone 
turnover following testosterone supplementation positively 
correlated with change in estradiol, but not in testosterone 
levels [97], providing further rationale for the use of com-
pounds with estrogenic action on bone like selective estro-
gen receptor modulators (SERMs) to prevent bone loss in 
males.

In men with hypogonadism induced by androgen depriva-
tion therapy for prostate cancer, either raloxifene or toremi-
fene treatment prevented bone loss in comparison to placebo 
[101, 102] and, in the case of toremifene, also decreased ver-
tebral fracture risk by 50% [102]. In two small studies, ral-
oxifene was used to treat eugonadal osteoporotic men over a 
short term, showing a suppressive effect on bone resorption 
markers only in those cases with low baseline estradiol levels 
[103, 104]. However, despite these intriguing data, the use of 
SERMs for male osteoporosis is not recommended.

 Selective Androgen Receptor Modulators (SARMs)

This class of compounds includes drugs that activate andro-
gen receptors in a tissue selective manner that might theoreti-
cally provide an opportunity to promote the beneficial effects 
of androgens on bone and muscle with limiting unwanted 
side effects at the prostate, heart, and liver. Theoretically, 
SARMs should however be less effective than testosterone 
on bone if they cannot be converted into estrogen and act on 
estrogen receptors as testosterone does. Since the discovery 

of the first SARM in 1990s, some compounds with myo- and 
osteoanabolic activity in preclinical models have been iden-
tified [105], but to date, most, if not all, have failed to advance 
to clinical development either due to toxicity or lack of effi-
cacy [106, 107].

 Abaloparatide

Following the development of teriparatide, different 
approaches have been employed in order to identify modi-
fied PTH or PTH-related peptide (PTHrP) fragments that 
interact with the PTH receptor (PTHR1) and are endowed 
with increased activity in bone. Abaloparatide is a 1–34 
PTHrP-like molecule in which several amino acids have 
been modified in order to improve its pharmacokinetics and 
pharmacodynamic profiles [108]. Based on the results of a 
large registrative phase 3, double-blind, randomized con-
trolled trial (the ACTIVE trial) in April 2017, subcutaneous 
abaloparatide (at a daily 80 μg regimen) received approval 
by the FDA for the treatment of postmenopausal women 
with osteoporosis at high risk for fracture or patients who 
have failed or are intolerant to other available osteoporosis 
therapy. In that study, subcutaneous injections of abalopara-
tide for 18 months significantly decreased the risk of verte-
bral (by 86%) and nonvertebral (by 46%) fracture compared 
with placebo, with a more rapid onset of fracture reduction 
than teriparatide [109]. The incidence of side effects such as 
hypercalcemia was also significantly lower with abalopara-
tide (3.4%) than with teriparatide (6.4%). Similar to teripara-
tide, the FDA has limited the use of abaloparatide for a 
cumulative total exposure of 2  years. Studies in men are 
expected to be forthcoming.

 Sclerostin Antibody

Sclerostin, an osteocyte product, plays a key role as a signal-
ing molecule that mediates bone formation, since it acts as a 
neutralizing factor for the Wnt-LRP5/6-β-catenin pathway, a 
master promoter of osteoblast differentiation and activity 
[110]. While Wnt and LRP5/6 regulate relevant aspects of 
cell growth and differentiation in many tissues so that the 
generation of specific agonists may lead to unwanted 
extraskeletal effects, Wnt antagonists, such as sclerostin, are 
more specific for the skeleton, offering new and potentially 
safe therapeutic target to stimulate bone formation [111, 
112]. Thus, romosozumab, a sclerostin monoclonal antibody 
has been developed and is currently being clinically tested as 
a new osteoanabolic agent. Importantly, different preclinical 
models demonstrated that in different conditions of bone fra-
gility, sclerostin antibody administration is able to improve 
bone formation and finally bone strength acting through 
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transient stimulation of bone formation coupled with simul-
taneous suppression of bone resorption, which is unprece-
dented as a mechanism among therapies for osteoporosis 
[113]. Consistent with the preclinical reports, in a phase 3 
trial on postmenopausal women with osteoporosis who were 
at high risk for fracture, romosozumab treatment for 
12 months followed by alendronate resulted in a significantly 
lower risk of fracture than alendronate alone [114]. Based on 
these and the FRAME study data [115], the drug was 
approved by the FDA and EMA in 2019 for use in postmeno-
pausal women. Due to an imbalance in “serious cardiovascu-
lar adverse events” in patients who took romosozumab 
versus alendronate, the medication should not be used in 
those who have had a heart attack or stroke within the previ-
ous year. Also, healthcare professionals should consider 
whether the benefits outweigh the risks in those with risk 
factors for heart disease [116–118]. In men over 55 years old 
with osteoporosis, the BRIDGE phase 3 trial showed that 
romosozumab for 12 months increased spine and hip BMD 
compared with placebo (LS, 12.1 vs 1.2%; TH, 2.5 vs 
−0.5%) [119].

 Monitoring Therapy

The International Society of Clinical Densitometry recom-
mends that patients who are being treated with pharmaco-
logical agents should be monitored every 1–2  years with 
DXA [30]. If BMD stabilizes, the frequency of DXA moni-
toring can be reduced. Bone turnover markers should be con-
sidered as a surrogate tool to assess the status of bone 
formation and bone resorption and can be useful as early as 
3–6 months after initiation of treatment.
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Glucocorticoid-Induced Osteoporosis

E. Michael Lewiecki

 Introduction

Glucocorticoid excess, whether generated endogenously 
or administered exogenously, is known to have many 
adverse effects, including harm to the skeleton. In his sem-
inal report published over 85 years ago, Harvey Cushing 
analyzed the clinical and pathological findings of 12 
patients with pituitary adenomas [1]. In what came to be 
called “Cushing’s disease” (hypercortisolism caused by a 
pituitary tumor), he described “softening affecting the 
entire skeleton but more particularly the vertebrae, leading 
to multiple fractures.” Today, hypercortisolism of any 
cause (“Cushing’s syndrome”) is most often due to exog-
enous glucocorticoids prescribed for a wide variety of 
inflammatory, allergic, and neoplastic conditions. The first 
clinical use of exogenous glucocorticoids, extracted from 
whole cattle adrenals, was reported in 1930 [2]. Patients 
with adrenal insufficiency due to Addison’s disease were 
successfully treated, although transiently, with intravenous 
infusions of this extract. This was rapidly followed by 
experiments to isolate individual compounds in the adre-
nal extract that have biological activity. In 1949, the first 
clinical use of cortisone was reported [3]. A woman with 
rheumatoid arthritis (RA) was treated at the Mayo Clinic 
with cortisone 50 mg intramuscularly (IM) twice daily. RA 
symptoms improved, but treatment was subsequently dis-
continued due to development of facial puffiness, hirsut-
ism, acne, and mental disturbances. Soon after, it was 
reported that orally administered cortisone was as effective 
as the IM preparation [4]. In 1954, the first analogs of cor-
tisone and hydrocortisone, which were later named predni-
sone and prednisolone, were used for the treatment of 
patients with RA [5]. Anti-inflammatory effects were soon 
enhanced by the development of other glucocorticoids, 
such as triamcinolone and dexamethasone. However, for 

use in clinical practice, prednisone and prednisolone 
emerged as the most commonly used systemic glucocorti-
coids and remain so in modern times.

Toxic effects of glucocorticoid therapy were easily recog-
nized with the first patient to receive cortisone for RA [3], as 
they were similar to the effects of endogenous excess seen 
with Cushing’s syndrome. Adverse skeletal effects of chronic 
glucocorticoid therapy were described as early as 1954 in a 
report of vertebral fractures with treatment of 3 men with RA 
and a boy with juvenile polyarthritis [6]. More patients with 
glucocorticoid-induced osteoporosis (GIO) and vertebral 
fractures were reported a few years later [7]. It soon became 
apparent that osteoporosis and fractures were common in 
patients receiving long-term glucocorticoid therapy. GIO has 
been estimated to affect about 50% of patients receiving 
long-term glucocorticoids and may be the most common 
form of secondary osteoporosis [8]. Despite the availability 
of many medications to treat GIO [9], many patients who 
could benefit are not being treated [10].

 Patient Case Report

A 72-year-old woman is a former heavy smoker with severe 
chronic obstructive pulmonary disease (COPD). Treatment 
includes home oxygen and prednisone 7.5 mg daily for past 
12 years, with higher doses required for 2–3 weeks several 
times each year for exacerbations of COPD. She describes 
have a well-balanced diet with no vitamin or mineral supple-
ments. She has fallen twice in the past 12 months but has no 
known fracture. She has never had a bone density test and 
has never received pharmacological therapy to reduce frac-
ture risk. After hearing from a friend that prednisone can be 
harmful to bones, she asks her physician whether she needs 
to be evaluated. Although he does not see the need for this, 
he makes an appointment for consultation with a physician 
with expertise in osteoporosis. She is found to weigh 102 
pounds (46.3  kg); height is 60.0  inches (152.4  cm) with a 
wall-mounted stadiometer, which is 2.5  inches (6.4  cm) 
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shorter than her historical maximum height. Her gait was 
unstable and she did poorly on balance testing. She has mild 
kyphosis. There is no spinal process tenderness to palpation. 
Dual-energy X-ray absorptiometry (DXA) testing shows 
lumbar spine T-score = −1.9 with the appearance of degen-
erative arthritis on the spine image and femoral neck 
T-score = −2.3. Vertebral fracture assessment (VFA) by DXA 
shows a severe (grade 3) wedge fracture at T12 and moder-
ate (grade 2) fractures at T9 and T10. On laboratory testing 
there is a low serum 25-hydroxyvitamin D of 12  ng/mL 
(30  nmol/L) and elevated serum intact parathyroid (PTH) 
level of 82  pg/mL (8.7  pmol/L). Serum calcium, albumin, 
magnesium, phosphorus, alkaline phosphatase, and 
 creatinine are normal. The 24-hour urinary calcium is low at 
48  mg. After vitamin D replacement, which corrected the 
abnormal serum 25-hydroxyvitamin D, PTH, and 24-hour 
urinary calcium, she is started on alendronate 70 mg weekly. 
She was referred for physical therapy to improve core 
strength and balance in an effort to reduce fall risk. 
Continuing efforts were made to minimize her exposure to 
system glucocorticoids.

 Epidemiology

The prevalence of glucocorticoid use in the general commu-
nity has been estimated to be between 0.5% and 1% [11–14]. 
In a 5-year longitudinal study of 60,000 postmenopausal 
women conducted in 10 countries, 4.6% were receiving glu-
cocorticoids at the baseline visit [15]. The most common rea-
sons for taking glucocorticoids are chronic rheumatic 
inflammatory diseases (e.g., RA, lupus) and chronic lung 
diseases (e.g., COPD, asthma). Other uses include gastroin-
testinal disorders (e.g., inflammatory bowel diseases, hepati-
tis), organ transplantation, and treatment of some 
malignancies. Over 10% of patients on long-term glucocorti-
coids have been reported to have clinical fractures, with 
30–40% having radiographic vertebral fractures [16, 17]. 
Risk factors for fracture include low-baseline bone mineral 
density (BMD), the type of glucocorticoid medication used, 
the dose and duration of treatment, the underlying disease 
being treated, age and sex of the patient, menopausal status 
for women, and previous fracture. A large case-control study 
of subjects on oral glucocorticoids reported a dose-depen-
dent increase in fracture risk with users of prednisolone, with 
no increase in risk for users of budesonide or hydrocortisone 
[18]. A large retrospective cohort study in the UK found 
rapid onset of increased fracture risk with initiating oral glu-
cocorticoid therapy, rapid return of fracture risk toward base-
line with discontinuation, and no dose that was “safe” for 
skeletal health [19]. Even doses of prednisolone less  than 
2.5 mg daily were associated with an increase in vertebral 
fracture risk. Inhaled glucocorticoids can be partially 

absorbed and may have systemic effects [20]. Use of long-
term inhaled glucocorticoids in high doses for patients with 
COPD has been associated with a modest increase in the risk 
of hip and upper extremity fractures [21]. Most studies of 
intranasal glucocorticoids in patients with allergic rhinitis 
have shown no clinically significant systemic effects in usual 
doses, although more study is needed, particularly in patients 
receiving combinations of inhaled and intranasal glucocorti-
coids [22].

 Pathophysiology

The effects of glucocorticoid therapy on BMD are biphasic. 
There is an initial rapid phase of 6–12% bone loss in the first 
year of therapy, followed by subsequent bone loss of about 
2–3% per year [23]. Trabecular bone is predominately 
affected, leading to high risk of fractures in the spine, a skel-
etal site with a high percentage of trabecular bone [8]. There 
is marked heterogeneity in the skeletal response of individu-
als to glucocorticoid therapy, perhaps due to polymorphisms 
of glucocorticoid receptors or variations of enzymes respon-
sible for metabolizing glucocorticoids. There are many direct 
and indirect effects of glucocorticoids that lead to skeletal 
fragility and fractures (Fig.  26.1). The dominant effect of 
glucocorticoids on bone remodeling is to reduce bone forma-
tion by decreasing the number, function, and lifespan of 
osteoblasts, the bone- forming cells. The activity and lifespan 
of osteocytes, which act as mechanosensors, are also reduced. 
The effects of glucocorticoids on osteoclasts are complex 
and controversial. However, the preponderance of evidence 
suggests that in the first 3–6 months of glucocorticoid ther-
apy, there is an increase in osteoclastic bone resorption, 
especially in patients with chronic inflammatory diseases, 
followed by a subsequent decrease in bone resorption. This 
might explain, at least in part, the biphasic skeletal response 
to glucocorticoids. The changing pattern of bone remodeling 
with long- term glucocorticoids (initial suppression of bone 
formation and increase in bone resorption, followed by sup-
pression of formation and resorption) raises concern regard-
ing the use of potent antiresorptive medications, such as 
bisphosphonates and denosumab, for treatment of GIO 
beyond the first several years [24]. The observation that frac-
ture risk for patients on glucocorticoids rises early in the 
course of exposure and is greater than expected for the level 
of BMD is consistent with loss of bone strength due to deg-
radation of bone quality (e.g., bone turnover, bone microar-
chitecture) and osteocyte apoptosis [25]. Long-term 
glucocorticoids also have nonskeletal consequences (e.g., 
sarcopenia, falls) that increase fracture risk [26].

Glucocorticoids have indirect negative effects on bone cell 
activity mediated by growth factors than include insulin- like 
growth factor I (IGF-I) and sex steroids [8]. Glucocorticoids 
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also reduce intestinal calcium absorption and inhibit renal 
tubular resorption of calcium. In addition, there are important 
nonskeletal adverse effects of glucocorticoids that influence 
fracture risk, such as loss of muscle mass and strength (sarco-
penia) that can increase the risk of falls [26].

 Assessment of Fracture Risk

Clinicians must be vigilant in assessing fracture risk in 
patients on systemic glucocorticoids. BMD testing by DXA 
is useful for all patients initiating treatment that is expected 
to last for more than 3 months. However, fracture risk may 
increase soon after starting therapy, especially with high 
doses, even before there has been a major decline in 
BMD. The fracture risk algorithm, FRAX [27], assumes an 
average dose of prednisolone (or prednisone) that is 2.5–
7.5  mg daily, or equivalent, for more than 3  months. 
Fracture risk may be underestimated in patients on doses 

higher than 7.5  mg daily. It has been recommended to 
adjust FRAX upward for patients on more than 7.5  mg 
daily by 20% (e.g., from 2.0% to 2.4%) for 10-year proba-
bility of hip fracture and upward by 15% (e.g., from 10% to 
11.5%) for the 1-year probability of major osteoporotic 
fracture [28]. There is limited evidence to suggest that tra-
becular bone score (TBS), a novel grayscale textural analy-
sis of lumbar spine DXA images, might be helpful as an 
independent predictor of fracture risk in patients on gluco-
corticoid therapy [29, 30]. TBS score, if available, can be 
included as a risk factor in the FRAX calculator. Lateral 
spine imaging by  DXA (vertebral fracture assessment - 
VFA) or conventional radiography is recommended to eval-
uate for prevalent vertebral fracture in patients who have 
received glucocorticoid therapy with prednisone 5  mg or 
more daily for at least 3 months [31]. The finding of a pre-
viously unrecognized vertebral fracture may change diag-
nostic classification, assessment of fracture risk, and 
treatment strategies [32].

Glucocorticoids

Bone Neuroendocrine system Calcium metabolism Muscle
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Fig. 26.1 Pathophysiology of GIO [8]. The principal direct skeletal 
effects of long-term glucocorticoid therapy are due to a decrease in 
osteoblastic bone formation. Osteocyte function and lifespan is reduced. 
The effects on osteoclastic bone resorption are biphasic, with an initial 

transient increase in resorption followed by long-term decrease. Other 
indirect skeletal effects and nonskeletal effects contribute to high frac-
ture risk with GIO
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 Management

The initial assessment and treatment of patients starting or 
continuing long-term glucocorticoid therapy is much the 
same as for osteoporosis of other causes [33]. This includes 
a thorough skeletal-related medical history and focused 
physical examination. The patient should be counseled 
regarding healthy lifestyle and good nutrition, with particu-
lar attention to adequacy of calcium and vitamin D intake 
and prevention of falls. Fracture risk should be assessed 
and in appropriately selected patients (see Guidelines) 
pharmacological therapy to reduce fracture risk should be 
started. Medications approved for prevention and/or treat-
ment of GIO include alendronate, risedronate, zoledronic 
acid, denosumab, and teriparatide [34]. Each of these 
agents increases BMD in patients receiving glucocorti-
coids, and some have been associated with a reduction in 
fracture risk [9]. Teriparatide, the only anabolic agent 
approved for treatment of GIO, reduces vertebral fracture 
risk more than alendronate [35]. Teriparatide is the only 

approved drug that directly addresses the primary mecha-
nism of bone loss with GIO – impairment of osteoblastic 
bone formation [36].

 Guidelines

The American College of Rheumatology (ACR) conducted a 
systematic review of the evidence for benefits and harms of 
options for prevention and treatment of GIO and then used a 
group consensus process to develop clinical practice guidelines 
[34]. Patients were stratified according to level of fracture risk 
(low or moderate/high), age (over 40  years or 40  years and 
older), and childbearing potential. Recommendations for spe-
cial populations, such as children and people with organ trans-
plantation, were also included. A summary of selected elements 
of the ACR guidelines and recommendations for a guideline 
framework from a working group of the International 
Osteoporosis Foundation and the European Society of Calcified 
Tissues [37, 38] is provided in Table 26.1. Guidelines can never 

Table 26.1 Recommendations for the management of glucocorticoid- induced osteoporosis (GIO)

Category 2017 ACR guidelines [34] 2012 IOF-ECTS framework [37, 38]
Population addressed Adults and children receiving glucocorticoids (prednisone > 

2.5 mg daily) for ≥3 months
Men and women age ≥18 years receiving any dose 
of oral glucocorticoid therapy for ≥3 months

Initial BMD testing Adults ≥ age 40 years: as soon as possible when starting 
glucocorticoids (at least within 6 months)
Adults < age 40 years: same as above when fracture risk is 
high due to previous fracture or osteoporosis risk factorsa are 
present

BMD testing for intermediate risk patients when 
treatment decisions are not clear according to 
clinical risk factors

Follow-up BMD testing Adults ≥ age 40 years: every 1–3 years when not treated with 
osteoporosis medication; every 2–3 years when treated with 
osteoporosis medication
Adults < age 40 years: every 2–3 years when fracture risk is 
moderate/highb

BMD testing at appropriate intervals

FRAX Adults ≥ age 40 years with adjustment for glucocorticoid dose Use with adjustment for glucocorticoid dose
Nonpharmacological 
therapy

Calcium 1000–1200 mg/day, vitamin D 600–800 IU/day with 
serum level ≥20 ng/mL; lifestyle modifications

Adequate intake of calcium and vitamin D with 
supplements if needed; lifestyle modifications

Initial pharmacological 
therapy

Adults (women not of childbearing potential and men) at 
moderate/high riskb: oral bisphosphonate; if not appropriate, 
consider IV bisphosphonate, teriparatide, denosumab, 
raloxifene for postmenopausal women (in order of preference)
Women of childbearing potential not planning pregnancy 
during osteoporosis treatment at moderate/high riskb: oral 
bisphosphonate; teriparatide as second-line therapy; when 
these are not appropriate, IV bisphosphonate, denosumab (in 
order of preference)

Initiate treatment for postmenopausal women and 
men ≥ age 50 years according to country-specific 
thresholds with FRAX with or without 
BMD. Treatment options include alendronate, 
etidronate, risedronate, zoledronic acid, and 
teriparatide. Bone-protective therapy may be 
appropriate is some premenopausal women and 
men < age 50 years

These are the highlights of recommendations from two sources [37, 38]. They are similar with many of the essential components in the manage-
ment of GIO but differ according to many elements, including the time of release and the scope of the recommendations. For details, see the pri-
mary references
aRisk factors – malnutrition, significant weight loss or low body weight, hypogonadism, secondary hyperparathyroidism, thyroid disease, family 
history of hip fracture, smoking, alcohol use ≥ units/day
bModerate risk – adults < age 40 years, hip or lumbar spine Z-score <−3.0 or rapid bone loss (≥10% at hip or lumbar spine over 1 year) and con-
tinuing glucocorticoid treatment at ≥7.5 mg/day for ≥6 months; adults ≥age 40 years, glucocorticoid-adjusted FRAX major osteoporotic fracture 
risk 10–19%, hip fracture risk >1%, and <3%; high risk = adults < age 40 years, prior osteoporotic fracture; adults ≥ age 40 years, prior osteopo-
rotic fracture, hip or lumbar spine T-score ≤ −2.5  in men age ≥ 50 years and postmenopausal women, glucocorticoid-adjusted FRAX major 
osteoporotic fracture risk ≥20%, hip fracture risk ≥3%
ACR American College of Rheumatology, IOF International Osteoporosis Foundation, ECTS European Calcified Tissue Society, IV intravenous, 
BMD bone mineral density
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accommodate the many variations of clinical circumstances 
occurring with individual patients and evolving concepts in the 
management of skeletal diseases. Concerns regarding the 2017 
ACR guidelines have been raised [39]. These include the de-
emphasis of the use of anabolic therapy compared with the 
2010 ACR guidelines, the recommendation to avoid deno-
sumab for renal transplant patients, failure to recommend VFA 
to evaluate for possible vertebral fracture, and overly stringent 
criteria for defining treatment failure. As always, treatment 
decisions in clinical practice should be individualized.

 Lessons from the Patient Case Report

Evaluation of skeletal health is mandatory for patients receiv-
ing long-term glucocorticoid therapy. Particular attention 
should be directed to optimizing lifestyle and nutrition, assess-
ing fracture risk, and initiating pharmacological therapy 
when appropriate. BMD testing by DXA is a useful tool in the 
assessment of fracture risk, recognizing that these patients 
may fracture at a higher level of BMD than patients not on 
glucocorticoids. Vertebral fractures, the most common type of 
osteoporotic fracture, may not be clinically apparent. Spine 
imaging by VFA or conventional X-rays may identify previ-
ously unrecognized vertebral fractures, which could change 
diagnostic classification, assessment of fracture risk, and 
treatment decisions. Vertebral fractures may have adverse 
effects on pulmonary function, which is especially detrimental 
to patients with preexisting COPD.  While bisphosphonates 
are the most commonly used medications to treat GIO, there is 
some evidence suggesting that anabolic therapy is more effec-
tive at reducing the risk of vertebral fractures.

 Summary

Systemic glucocorticoids are a common cause of drug- 
induced osteoporosis. Fractures due to GIO can occur early 
in the course of therapy and may have devastating conse-
quences. Physicians should be vigilant at evaluating patients 
on glucocorticoids, assessing fracture risk, and initiating 
countermeasures to reduce fracture risk. Evidence-based 
guidelines are available to assist physicians in managing 
patients with GIO. The care of individual patients should be 
customized according to all available clinical information.
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 Osteogenesis Imperfecta

Osteogenesis imperfecta (OI) is a hereditary disorder of the 
connective tissue. It is caused by qualitative or quantitative 
abnormalities involving type I collagen, with varied pheno-
typic presentations. Patients who are affected may suffer 
multiple fractures, at times with little or no trauma. In more 
serious cases, death may occur during the neonatal period. 
Mild and moderate forms can manifest as premature osteo-
porosis or severe mineral loss in the bones during postmeno-
pause. Some patients also exhibit blue sclera. The incidence 
of OI is approximately 1 in every 20,000–25,000 live births 
in the USA [1].

 Pathophysiology

Type I collagen is a structural protein important to the bones, 
tendons, ligaments, skin, and sclera. OI is commonly caused 
by mutations in genes forming the code in the alpha-1 and 
alpha-2 chains within type I collagen, or proteins involved in 
the formation of type I collagen. The fibrils of type I collagen 
are composed of polymers of tropocollagen molecules that 
form a triple helix containing portions of an alpha-1 chain 
and two alpha-2 chains [2, 3].

Most patients with OI exhibit a dominant autosomal 
mutation in COL1A1 (located at 17q21.31-q22) or COL1A2 
(located at 7q22.1) that affects the structure of one of the two 
alpha chains of type I collagen. The clinical severity depends 
on the effect of the mutation. Mutations that lead to reduc-
tion in the amount of collagen result in less severe pheno-
types (OI type I), in contrast to mutations that disrupt the 
formation of triple-helix collagen that lead to lethal forms 
(type II OI). Ten percent of patients have a recessive autoso-
mal genetic defect, as with normal COL1A1 and COL1A2 
genes.

Mutations in the gene of the FK506-binding protein 
(FKBP10 or FKBP65), located at 17q21, were identified 
in samples from five consanguineous families from Turkey 
and Mexican families with hereditary characteristics 
causing moderate-to-severe OI [4]. Mutations in the 
FKBP10 protein, which affect the secretion of type I pro-
collagen, in addition to causing type III OI, may result in 
a severe form of isolated type IV OI that begins during the 
prenatal stage [5].

The recessive form of osteogenesis is caused by a defi-
ciency or a mutation in one of the three components of the 
3-prolyl hydroxylation complex that modifies the structure 
of type I collagen and can cause severe to lethal forms of the 
disease [6]. Mutations causing severe recessive forms can be 
identified in other genes that encode proteins involved in 
bone formation and homeostasis, including SERPINH1 
(located in t 11q13.5), SERPINF1 (located in 17p13.3), and 
SP7/OSX (located in 12q13.13) [7, 8]. The presence of 
abnormal protein structure determines bone fragility.

Disorganized bone structure can be observed histologi-
cally, in many cases with normal mineralization, but with 
significant reduction in cortical thickness, cancellous bone 
volume, and the number and thickness of trabeculae. A 
cross-sectional study compared the microstructure and 
bone density in 39 patients with type I OI with 39 controls. 
Twenty-seven patients had been treated with bisphospho-
nates. High-resolution computerized tomography was per-
formed on the distal radius and tibia, as well as bone 
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densitometry (BMD) of the lumbar spine and femoral neck. 
Patients with OI were shorter in stature but with similar 
body weight. BMD values were lower for the hip and lum-
bar spine in OI patients when compared with control 
patients. The bone area in the radius was 5% lower in 
patients with OI and 18% lower in the cortical bone, and 
the trabecular number was significantly lower in patients 
than in controls [9].

 Clinical Manifestations

The clinical features (Table  27.1) range from intrauterine 
fractures to fractures that normally occur only in adolescence 
and adult life. Fractures are the result of minimal trauma and 
bone deformities may occur. Family members with the same 
mutation may exhibit differing degrees of severity, most 
likely resulting from defects affecting other components of 
the connective tissue.

The types of OI can be divided according to their severity 
(Table 27.2):

• Mild (type I): Patients with type I OI suffer from few or 
no fractures before puberty, or sometimes numerous frac-
tures throughout their lives. The deformities are minimal, 
and the individuals usually have lower than normal stat-
ure. Frequently, no fractures occur before the child begins 
to walk. The long bones of the arms, legs, and ribs are 
most often affected, as well as the small bones of the 
hands and feet. The frequency of fractures decreases after 
puberty. In adults there is premature osteoporosis and 
early hearing loss.

• Moderate to severe (types III–IX): These children have a 
high frequency of fractures, moderate-to-severe bone 

deformities, kyphoscoliosis, short stature, and progres-
sive hearing loss, with some children unable to move 
around. Adults exhibit early osteoporosis and hearing 
loss, more severe when compared with the mild form. 
Pregnant women exhibit accelerated bone loss during 
pregnancy and breastfeeding. Hypermobility of the joints 
can lead to pain and diminished function.

• Lethal form (type II): Patients with the lethal perinatal 
form usually have intrauterine death or die during early 
childhood. Fractures and respiratory insufficiency are fre-
quent causes of death. In such cases, genetic counseling 
should be provided for families affected.

 Diagnosis

A diagnosis of OI should be considered in any child with 
recurrent fractures from minimal trauma [3]. Family history, 
clinical examination, and radiological findings are important 
for diagnostic confirmation. The clinical picture is not always 
characteristic. Extra-skeletal manifestations may be subclin-
ical (hearing loss), nonspecific, or more common at some 
ages (dentinogenesis imperfecta is most notable in the first 
dentition).

• Imaging studies: X-rays of long bones and the spine may 
show fractures, bone calluses, or deformities, and the 
X-rays of the skull may reveal the presence of wormian 
bones.

• Laboratory: Assessment of calcium metabolism (serum 
calcium, phosphorus, alkaline phosphatase, and PTH) is 
useful to rule out any preexisting hypocalcaemia or 
hyperparathyroidism. In cases involving OI, the parame-
ters are usually normal. In type VI OI, increases in alka-
line phosphatase may occur. Hypercalciuria is common 
in children with OI, and the magnitude of the urinary 
calcium loss reflects the severity of bone disease (shorter 
height, and higher rate of fracture). Bone formation 
markers are usually low and markers for bone resorption 
(CTX) usually high, especially in the more severely 
affected patient [10, 11].

Table 27.1 Osteogenesis imperfecta symptoms

Osteogenesis imperfecta symptoms
Atypical fractures Short stature Scoliosis
Blue sclera Hearing loss Dentinogenesis imperfecta
Laxity of the ligaments Wormian bones Laxity of the skin

Table 27.2 Clinical characteristics according to the type of OI

Types of OI Severity of fractures Stature Sclera Hearing loss Dentinogenesis imperfecta
I Slight (<100) Normal–slightly lower Blue Present in 50% Rarely
II Perinatal death—multiple Severely low stature Blue – Yes
III Severe—multiple Very low Blue at birth Frequent Yes
IV Mild to moderate Variable Normal Sometimes Sometimes
V Moderate—multiple Variable Normal No No
VI Moderate Slightly lower Normal—discretely blue No No
VII Moderate Slightly lower Normal—discretely blue No No
VIII Severe/lethal Short members dwarfism Normal Not related No
IX Severe/lethal Short limbs Blue No Yes

M. A. S. Filho et al.
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 Differential Diagnosis

Child victims of trauma, as well as patients with severe OI, 
may exhibit multiple fractures at different stages of fusion. 
In a study involving 39 children (older than 1 year of age) 
with fractured collarbones, 82% were considered to be the 
result of child abuse, 8% accidental injury, and 8% bone fra-
gility, and in one case fractures were the result of osteogen-
esis imperfect itself [12].

Another study evaluated 61 children victims of child 
abuse. After reviewing the medical records, 33 cases were 
confirmed as OI.  The median age at examination was 
7.1 months. All patients had fractures, 14 exhibited pain, 7 
swelling, 5 showed limited movements, and 2 showed an 
abnormal position of their limbs. Radiographic findings con-
sistent with OI were found in 19 of 33 patients (58%); clini-
cal findings were present in 23 of 33 patients (70%) and a 
family history of OI in 55% [13]. Therefore, in cases where 
child abuse is suspected, OI should always be considered, 
since any error in diagnosis can lead to serious consequences 
for the children and their families.

The clinical picture of OI is not always characteristic. 
Patients with mild OI exhibit no fractures until they start to 
move around. Retinal hemorrhage, subdural hematoma, and 
bruising may also occur as indirect signs of trauma.

Rickets may cause slow growth, bone deformities, ele-
vated alkaline phosphatase, defects in bone mineralization, 
and, in some cases, abnormal formation of the teeth. 
Abnormalities in the sclera and hearing loss typically do not 
occur, and on X-rays, epiphyseal plate enlargement is pres-
ent. In the adult patient, osteomalacia may cause bone pain, 
fractures, and elevated alkaline phosphatase, also without 
causing hearing loss or blue sclera. Radiological findings 
include decreased bone density, pseudofractures, and loss of 
trabecular definition.

Other rare skeletal syndromes causing bone fragility and 
deformities should also be considered in the differential 
diagnosis of OI, and these include Bruck syndrome, osteopo-
rosis pseudoglioma syndrome, polyostotic fibrous dysplasia, 
and juvenile Paget’s disease, hypophosphatasia, and idio-
pathic juvenile osteoporosis.

 Treatment

The focus of treatment should be multidisciplinary in order 
to oversee early care and minimize complications. The 
objective is to reduce the rate of fractures, prevent deformi-
ties, decrease chronic pain, and improve functional 
capacity.

Bisphosphonates are the main therapeutic agents used to 
prevent fractures in most forms (except for type VI) although 
none have been approved specifically for use in children and 

adults with OI. Bisphosphonates are stable pyrophosphate 
analogues and are potent inhibitors of bone reabsorption and 
bone turnover.

The majority of studies was conducted in children and did 
not include control groups. Observed benefits included an 
increase in bone mineral density, reduced fracture rate, and 
improvement in mobility and pain [14]. Pamidronate is 
administered intravenously during consecutive 3-day cycles, 
with 2- to 4-month intervals, using 0.5  mg/kg/day up to 
1 mg/kg/day depending on the age (Table 27.3).

Short-term adverse effects on bone quality and fracture 
healing are not present, despite the significant reduction in 
bone turnover with bisphosphonate treatment [15]. Linear 
growth does not appear to be affected and the greatest benefit 
seems to occur within the first 2–4 years of therapy. It is pru-
dent to reserve pamidronate for patients in whom the clinical 
benefits outweigh the risks (deformity of long bones, verte-
bral compression fractures, and three or more fractures per 
year) since the long-term effects as yet are not well under-
stood [16].

In a meta-analysis, oral risedronate (35 mg per week) for 
24 weeks led to bone mineral density increases by 3.9% at 
the lumbar spine without statistical significance in the total 
hip measurements. Bone pain did not improve significantly, 
and the fracture rate remained high [17].

A randomized, placebo-controlled clinical trial measured 
serum sclerostin levels in adults with OI and evaluated the 
effects of teriparatide on osteoanabolic therapy. Compared 
with control participants matched to age and sex, mean lev-
els of sclerostin were lower in those with type I or type III/VI 
OI. Sclerostin levels increased in the group of patients with 
type I OI during therapy with teriparatide. This study sug-
gested that regulation of sclerostin is altered in osteogenesis 
imperfecta and that serum sclerostin may help predict the 
response to anabolic therapies in OI [18].

In most cases, orthopedic care focuses on fractures but 
also should be considered for the correction and prevention 
of deformities, especially in the lower limbs, including surgi-
cal treatment.

 Osteomalacia

Osteomalacia is not a common metabolic bone disease but 
is often neglected especially in its early stages because of 
the nonspecific nature of symptoms such as vague bone 
pain and muscle weakness [19]. The disease is character-

Table 27.3 Administration of pamidronate in children with OI

Age Dose of pamidronate Frequency
<2 years 0.5 mg/kg/day for 3 days 2/2 months
Between 2 and 3 years 0.75 mg/kg/day for 3 days 3/3 months
>3 years 1.0 mg/kg/day for 3 days 4/4 months

27 Metabolic Bone Diseases Other Than Osteoporosis
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ized by a generalized weakening of bone, leading to defor-
mity, and it is often caused by defects occurring at any step 
of the metabolism or action of vitamin D [20]. It occurs 
mostly due to dietary deficiency and exposure to sunlight 
but can also be due to intestinal malabsorption, chronic 
kidney failure, or vitamin D resistance [19] (Table 27.4). 
Osteomalacia can also occur in patients with primary 
hypophosphatasia (Table  27.5) due to one of the syn-
dromes of hereditary hypophosphatemia (X-linked, auto-
somal dominant and with hypercalciuria) or oncogenic due 
to fibroblastic growth factor- 23 (FGF-23) secretion by the 
tumor [21, 22].

There is an increasing prevalence of vitamin D deficiency 
in many countries, even in those close to the equator, and 
those with abundant sunlight [23]. The at-risk population 
includes the elderly with little exposure to sunlight as well as 
patients with poor absorption including those with celiac dis-
ease and those submitted to gastrointestinal bypass surgery. 
Likewise, individuals living in cold weather climates, as well 
as women who wear clothes that cover almost the entire 
body area, are also predisposed to hypovitaminosis D [20].

The main histological findings are an excessive accumu-
lation of bone matrix that is not, or only poorly, mineralized, 
decreased bone volume, increased accumulation of osteoid, 
and increases in the osteoid thickness of bones and the sur-
face area [24].

 Clinical Manifestations

Osteomalacia may be asymptomatic. When symptomatic, 
general symptoms include chronic bone and muscle pain, 
weakness, fatigue, difficulty in walking, and a high risk of 
fractures due to bone fragility. Deformities related to the 
softening of the adult skeleton include kyphosis, pectus cari-

natum, a decrease in stature, genu varum, and acetabular pro-
trusion [25].

Bone pain seems to be caused by hydration of the demin-
eralized bone matrix beneath the periosteum, which is 
extended, causing compression of nerve terminals. It is usu-
ally persistent, diffuse, and symmetrical, starting in the lower 
back and spreading to the pelvic girdle, hip, and ribs. Pain on 
palpation of these sites is an important clinical sign. Muscle 
weakness is usually proximal and associated with hypotonia, 
atrophy, and discomfort during movement [19].

 Diagnosis

The most characteristic laboratory findings are a lower serum 
calcium level, a decrease in urinary calcium levels, hypophos-
phatemia, and increased levels of alkaline phosphatase (ALP) 
(Table 27.6). Increased ALP activity is the most frequent and 
earliest marker for osteomalacia and reflects the activity of the 
osteoblast, which forms the demineralized matrix [25]. The 
key test for the diagnosis of vitamin D deficiency is the dem-
onstration of decreases in serum 26OHD [26].

PTH may be typically increased. As vitamin D deficiency 
increases, the hypersecretion of PTH leads to bone remodel-
ing and endocortical bone reabsorption, resulting in cortical 
bone loss and increased risk of fractures. In addition, bio-
chemical markers for bone turnover may be increased [19].

On X-rays, the most characteristic feature is the Looser’s 
zone, a band adjacent to the periosteum which represents a 
stress fracture (cracks without repetitive posttraumatic dis-
placement). It occurs most commonly in the ribs, pubis, and 
scapula (Fig.  27.1). This is in contrast to the fissures that 
occur in the long bones in Paget’s disease [26]. Bone scintig-
raphy usually shows areas of focal increases in MDP uptake 
(Fig.  27.2). Bone mineral density is usually decreased, 
mainly in the cortical [19].

Although the diagnosis of osteomalacia can be carried out 
on the basis of clinical and laboratory findings, transiliac 
bone biopsy, with tetracycline labeling, can help make a 
definitive diagnosis. This takes less than 30 min, under local 
anesthesia, with minimal discomfort to the patient. The spec-
imen should be stored in 70% alcohol and sent to a special-
ized laboratory for histomorphometric studies. The 
characteristic finding is impaired mineralization with an 
absent two-band tetracycline label [27].

Table 27.4 Etiology of osteomalacia

Causes of osteomalacia
Vitamin D deficiency
Lack of sunlight
Malabsorption syndrome
Liver diseases
Chronic renal insufficiency
Anticonvulsants
Reduced calcium intake
Heavy metals: aluminum, lead, cadmium

Table 27.5 Etiology of hypophosphatemic osteomalacia

Causes of hypophosphatemic osteomalacia
X-linked
Autosomal dominant
With hypercalciuria
Oncogenic osteomalacia

Table 27.6 Laboratory findings in nutritional osteomalacia

Laboratory results for osteomalacia
Elevated PTH 100%
25 (OH) vitamin D <15 ng/ml 100%
Elevated alkaline phosphatase 95%
Low urinary calcium 87%
Low calcium and phosphate levels 27%

M. A. S. Filho et al.
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Low serum 25OHD levels, increased FGF-23 levels, and 
the presence of hypophosphatemia are reliable biomarkers 
for tumor-induced osteomalacia (TIO). FGF-23 is normally 
secreted by osteocytes and is an important regulator of phos-
phate homeostasis due to its action in the kidneys. It may 

also be secreted ectopically by mesenchymal tumors which 
are usually benign, typically very small, and difficult to 
locate. In fact patients with hypophosphatemic osteomalacia 
who have no family history for the disease should be screened 
for TIO. Whole-body Tc-99 sestamibi or I-111-pentetreotide 
scintigraphy as well as FGD-PET or scintigraphy may be 
employed, followed by computerized tomography (CT) and/
or magnetic resonance imaging (MRI) of the suspected 
lesions in an attempt to localize the tumor [28].

Selective venous sampling for FGF-23 measurements 
may be needed as a localizing procedure especially when 
multiple sites are identified by imaging examinations. It is 
also useful when a high degree of certainty is necessary for 
the location of the tumor before surgery [29].

The differential diagnosis should also be made as shown 
in Table 27.7 [30].

 Treatment

Vitamin D is effective in the treatment of nutritional osteo-
malacia, or for malabsorption.

In general, 50,000 units of cholecalciferol (vitamin D3) 
are given once a week for 8 weeks, followed by an adjust-
ment based on 25OHD levels. Bone biopsy may be per-
formed to confirm that osteomalacia has been cured before 
starting antiresorptive or anabolic agents used for treating 
residual associated osteoporosis [31].

TIO is treated with a phosphate supplement (1–3 g/day of 
elemental phosphorus), along with vitamin D, until the tumor 
has been identified and excised [28]. There are reports of 
successful treatment of TIO with percutaneous, CT-guided, 
ethanol, and cryoablation [32].

 Paget’s Disease of Bone

Paget’s disease of bone (PDB) was first described in 1877 
by an English physician, Sir James Paget. It is a chronic 
skeletal disease characterized by increased osteoclastic 
activity that leads to increased bone reabsorption [33]. There 

Fig. 27.1 Looser’s zone at the right pubis in a 32-year-old woman with 
hypophosphatemic osteomalacia

Fig. 27.2 Bone scintigraphy in a 52-year-old woman with primary 
hyperparathyroidism and osteomalacia. Serum 25OHD: 8 ng/ml

Table 27.7 Differential diagnosis

Differential diagnosis
Polymyalgia rheumatica
Polymyositis
Fibromyalgia
Bone metastases
Multiple myeloma
Osteoporosis
Paget’s disease
Myeloproliferative syndromes
Renal osteodystrophy
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is a compensatory increase in the rate of newly formed bone. 
The rate of change in skeletal remodeling leads to architec-
tural modifications characterized by nonlamellar excessive 
more vascularized bone formation which is less compact 
than normal bone. This disease may be localized, mono-
stotic, or polyostotic, and the main sites affected are the ver-
tebrae, long bones of the lower limbs, pelvis, and skull (see 
Fig. 27.3) [34].

 Pathogenesis

Osteoclasts are derived from mononuclear precursor cells 
of monocytic-macrophage lineage, which fuse to form mul-
tinucleated osteoclasts, and are then activated to carry out 

bone resorption. Both local and systemic factors in the 
bone microenvironment are important for regulating the 
formation and activation of osteoclasts. In particular, the 
receptor activator of the nuclear factor-kB ligand (RANKL), 
a member of TNF superfamily, is an important regulator of 
osteoclast differentiation. Most of the factors, including 
1.25-(OH)2D3, IL-1, IL-11, and the parathyroid hormone, 
promote indirect osteoclast activation by binding to stromal 
marrow cells and inducing the expression of RANK in its 
ligand [35, 36].

There are at least seven mapped genetic loci associated 
with Paget’s disease; the best documented is the mutation in 
the P392L in SQSTM1 (PDB3 gene map locus 5q35) [37].

Patients without mutations in the SQSTM1 gene seem to 
have a susceptibility to genetic polymorphisms in regions of 

Skull (25.7%)

Clavicle (4.5%)

Sternum (3.0%)

Thoracic
vertebra (9.0%)

Pelve (92.4%)

Ischium-pubis (3.0%)

Coccyx (1.5%)

Tibia (25.8%)

Metatarsus (1.5%)

Scapula (9%)

Humerus (18.2%)

Vertebra (53%)

Sacrum (3.0%)

Femur (42.4%)

Fig. 27.3 Sites of bone 
involvement in PDB. PDB 
Paget’s disease of bone. (Data 
from reference [37])
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the following genes: CaSR, ESR1, TNFRSF11B (OPG), 
TNFRSF11A (RANK), CSF1 (M-CSF), OPTN, TM7SF4 
(DC-STAMP), VCP, NUP205, RIN3, PML, and GOLGA6A, 
resulting in increased risk for development of PDB.  The 
nature of these genes shows that Paget’s disease is caused by 
the deregulation of osteoclastogenesis [38].

In situ hybridization studies and immune-histochemical 
analysis suggest the possibility of infection of osteoclasts by 
a virus, particularly paramyxovirus, as a contributor etiologi-
cal factor of PDB [34]. The identification of genetic muta-
tions involved in osteoclastogenesis, and characterization of 
the nongenetic factors that may be involved, appears to be 
important in developing ways to understand and control the 
exaggerated bone remodeling in Paget’s disease.

 Histopathology

Osteoclasts with Paget’s disease are multinucleated and 
excessive in numbers. Increased bone turnover results in 
abnormal deposition of lamellar bone inserted into the bone 
tissue. The bone looks disorganized, with thickened trabecu-
lae surrounded by numerous enlarged and multinucleated 
osteoclasts. The disorganization of the bone tissue leads to 

increased bone volume, resulting in the manifold complica-
tions of the disease. The normal bone marrow is replaced by 
a large amount of vascular tissue.

 Epidemiology

Geographical distribution is variable, the disease being more 
common in England, the USA, Australia, and New Zealand, 
but rare in Scandinavia and Asia (see Fig. 27.4). In Brazil, it 
is found predominantly in locations with a long-standing his-
tory of European colonization as in the city of Recife. In this 
location the prevalence reaches 0.7% in people over 45 years 
of age [34, 39].

 Clinical Manifestations

Paget’s disease is usually asymptomatic and discovered inci-
dentally. The main clinical manifestations are bone pain, 
fractures, skeletal deformities, and secondary arthritis. In 
most cases, PDB may be diagnosed from the combination of 
symptoms, radiological findings, and increased concentra-
tion of biochemical markers for bone remodeling.

Fig. 27.4 Geographical distribution of Paget’s disease worldwide. (Data from references [42, 43, 50–54, 55–59])
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Juvenile Paget’s disease is an extremely rare autosomal 
recessive disease, characterized by deafness in infancy, frac-
tures, and deformities as the result of generalized bone turn-
over, normally due to deficiencies in osteoprotegerin (the 
decoy receptor for the RANK) gene [34].

 Diagnosis

PDB can be diagnosed when high serum ALP activity is 
found, or by routine X-ray examination [40].

Other bone turnover markers are often elevated in active 
disease, such as serum C-telopeptide (CTx) or urinary 
N-telopeptide (NTx). Serum calcium and phosphorus are 
normal in most patients. Hypercalcemia or hypercalciuria 
can occur in immobilizations or fractures [41].

Plain radiography and bone scintigraphy are useful in 
patients suspected of having PDB. The radiological findings 
may be diagnostic, showing typical irregular areas of osteo-
sclerosis with adjacent areas of osteolysis, reflecting abnor-
mal bone turnover characteristic of the disease. The osteolytic 
lesion that is seen in the skull in the early stages of the disease 
is known as osteoporosis circumscripta. Bone scintigraphy 
may be more sensitive, albeit less specific, than plain X-rays, 
especially early in the disease. Computed tomography and 
magnetic resonance imaging may be useful in unusual lesions, 
when the diagnosis of malignancy is likely [42].

It is important to obtain a baseline bone scan in all patients 
with PDB to document the extent and location of lesions, 
since the sites involved rarely change over time. Radiography 
should also be performed on the involved sites to identify 
musculoskeletal consequences of the disease, such as frac-
tures, potentially malignant lesions, osteoarthritis, or other 
bone abnormalities [43].

Bone biopsy may be useful in atypical cases, as in young 
adults especially from countries with a low prevalence of the 
disease. Nonetheless, in suspected localized lesions without 
characteristic radiographic findings, bone aspiration some-
times shows the characteristic giant osteoclasts [43].

 Treatment

The objective of treatment is to relieve pain, restore normal 
bone metabolism, decrease bone vascularization, and pre-
vent future complications such as bone deformities, second-
ary osteoarthritis, fractures, and compression of nerve 
structures [44].

Patients whose symptoms are caused by active Paget’s 
disease (often associated with elevated ALP) should be 
treated. The most common symptom is bone pain in Pagetic 
sites, causing headache, or pain in the back, joints, or limbs. 

Asymptomatic PDB is detected in imaging studies per-
formed for other reasons (e.g., nephrolithiasis) or by the 
observation of elevated levels of ALP. The main indication 
for treatment of asymptomatic patients is biochemically 
active disease at sites where complications may occur (e.g., 
skull, spine, and bones adjacent to joints). In other sites, con-
sider treatment if the AP is two to four times above the upper 
limit of normal. Other indications for treatment of asymp-
tomatic patients include planned surgery for active Pagetic 
sites (for the purpose of reducing bone turnover and vascu-
larization, thus minimizing blood loss during the procedure) 
and the rare development of hypocalcaemia in association 
with the immobilization of patients with polyostotic disease. 
If such asymptomatic patients do not meet the above criteria 
for treatment, they should be followed up annually to assess 
disease progression [45].

Calcitonin was the first inhibitor of osteoclast activity to 
be used in the treatment of PDB. Nowadays it is used infre-
quently. It suppresses bone turnover and relieves pain but is 
more expensive and less effective and presents more side 
effects (nausea, metallic taste, and flushing) than bisphos-
phonates. The initial dose is 100 units/day, subcutaneously 
tapering to 50 units/day.

Bisphosphonates are considered the treatment of choice 
for PDB.  They bind to bone surfaces in regions of high 
resorption, reducing osteoclastic activity, thereby reducing 
the bone turnover. When taken orally, they are poorly 
absorbed, especially in the presence of food in the stomach. 
They should therefore be taken when fasting, with water, 
30–60  min before meals, or any other medications [44]. 
They may cause heartburn, dyspepsia, and esophageal 
ulcers and should be used with caution in patients with gas-
tritis or duodenitis. More rarely, they can also cause an 
acute febrile reaction, uveitis, rash, and osteonecrosis of 
the jaw [46]. Normal serum levels of calcium, phosphorus, 
and 25OHD should preferentially be present when bisphos-
phonate therapy is initiated. Calcium should be provided 
(1200 mg/day, preferably through a nutritional diet), along 
with vitamin D (800–2000 units/day), in all patients under-
going treatment.

Etidronate was the first bisphosphonate to be used for 
Paget’s disease, beginning in 1971. The newer and more 
potent bisphosphonates have proven more effective, leading 
to a longer period of remission [44]. Oral alendronate is 
more effective than etidronate. In a regimen of 40 mg/day for 
6 months, it leads to a 77% decrease in ALP levels, versus 
44% for etidronate [47]. Risedronate leads to similar results, 
with 30 mg daily doses given orally for 2 months. It should 
not be used in patients with CrCl <30  ml/min [48]. 
Pamidronate is well tolerated and easily administered in hos-
pitals or clinics, using 2- to 6-h IV infusions of 30–90 mg, 
diluted in 500 ml of 0.9% saline or 5% glucose solution [49].
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Zoledronic acid (zoledronate) has proven to be the most 
potent bisphosphonate for the treatment of PDB. It is 10,000 
times more potent than etidronate and 100 times more potent 
than pamidronate [50]. It can be administered in 5 mg, IV 
infusions, for a shorter time (15–30 min) and in a smaller 
volume of at least 100  ml (saline or glucose). 
Hypophosphatemia, hypocalcaemia, and hypokalemia, as 
with other IV bisphosphonates, may occur, especially in 
patients with vitamin D deficiency at the time of infusion, as 
well as fever, chills, myalgia, and arthralgia [50, 51]. 
Zoledronic acid should also not be used in patients with 
severe renal impairment creatinine clearance  (<30 ml/min) 
[46] (Table 27.8). In clinical trials comparing oral and intra-
venous bisphosphonates, side effects, mainly gastrointesti-
nal, were more prevalent when the oral route was used [50].

Indications for restart treatment with bisphosphonates 
depend on increasing evidence of abnormal bone metabo-
lism, determined by serial measurements of ALP, radiologi-
cal progression of the disease, or recurrent pain. Increased 
ALP alone is not always an indication for retreatment. For 
retreatment, the dose and duration of therapy are the same as 
the initial treatment [45, 52].

It has been suggested that normalization of bone turn-
over may improve the clinical outcome in Paget’s disease, 
preventing complications such as fractures and develop-
ment of osteoarthritis [53]. The PRISM trial evaluated the 
long-term efficacy of intensive treatment with bisphospho-
nates versus symptomatic treatment. Initially, the main 
results of an intention- to-treat analysis showed that inten-
sive bisphosphonate therapy was more effective at normal-
izing ALP than symptomatic therapy, with 81% of patients 
receiving intensive care reaching normalized ALP levels at 
2 years.

However, there was no significant difference between 
the groups in terms of fracture, quality of life, or pain [54]. 
The study extension concluded that long-term intensive 
bisphosphonate therapy did not confer a clinical benefit in 
comparison with symptomatic treatment and was associ-
ated with a nonsignificant increase in the risk of fractures, 
orthopedic events, and serious adverse events. The results 
of this study suggest that, in patients with an established 
diagnosis of Paget’s disease, bisphosphonate therapy 
should focus on symptom control rather than suppression 
of bone turnover [53].
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Abbreviations

2hPG 2-hour plasma glucose
ADA American Diabetes Association
BMI Body mass index
DKA Diabetic ketoacidosis
DM Diabetes mellitus
FPG Fasting plasma glucose
GAD  Glutamic acid decarboxylase
GDM Gestational diabetes mellitus
HbA1c Hemoglobin A1c
IADPSG International Association of Diabetes and 

Pregnancy Study Groups
ICA Islet cell antibody
IFG Impaired fasting glycemia
IGT Impaired glucose tolerance
LADA Latent autoimmune diabetes of adulthood
MODY Maturity-onset diabetes of the young
OGTT Oral glucose tolerance test
WHO World Health Organization

 Introduction

Diabetes mellitus is a metabolic disorder of various etiolo-
gies, characterized by chronic hyperglycemia and disruption 
to carbohydrate, protein, and fat metabolism. Diabetes 
results from impairment of insulin secretion, insulin action, 

or usually a combination of the two. The long-term compli-
cations of these metabolic derangements are a major cause of 
morbidity and mortality. The prevalence of diabetes is 
increasing globally and the associated economic burden is 
significant. The sequelae of diabetes include the microvascu-
lar complications of retinopathy, neuropathy and nephropa-
thy, as well as the macrovascular complications of ischemic 
heart disease, stroke, and peripheral vascular disease. 
Cardiovascular disease is the leading cause of mortality in 
diabetes.

Diabetes can present with classic symptoms of polyuria, 
polydipsia, blurred vision, and weight loss or with a poten-
tially fatal hyperglycemic emergency such as diabetic keto-
acidosis or hyperosmolar hyperglycemic state. However, in 
many cases it is detected in asymptomatic individuals. 
Diagnosis is thus often very reliant on biochemical testing. It 
is important that clinicians have a working understanding of 
the different etiologies of diabetes as well as an appreciation 
of the various diagnostic measures employed and how they 
developed.

 Part II: Classification of Diabetes Mellitus

The World Health Organization (WHO) and American 
Diabetes Association (ADA) classify diabetes into four main 
categories (Table 28.1) [1, 2]:

• Type 1
• Type 2
• Gestational
• Other specific types

Type 1 accounts for about 5–10% of cases and is charac-
terized by insulin deficiency largely due to autoimmune pan-
creatic beta cell destruction [2]. There are also rare cases of 
“idiopathic” type 1 diabetes, predominantly seen in people 
of African and Asian ancestry, in which no known autoim-
mune marker is detected, but patients are insulinopenic and 
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prone to ketoacidosis. Type 2 accounts for 90–95% of all 
diabetes and includes people with peripheral insulin resis-
tance and relative insulin deficiency. Multiple factors con-
tribute to the development of type 2, and in general the 
etiology is not well understood. It is often associated with 
overweight and obesity.

Gestational diabetes mellitus (GDM) incorporates diabe-
tes that is first diagnosed in the second or third trimester of 
pregnancy where testing does not clearly indicate preexisting 
type 1 or type 2 diabetes. Other specific types of diabetes 
include cases due to another particular cause such as known 
genetic disorders, diseases of the exocrine pancreas, and 
adverse effects of medication.

 Historical Perspective on Diabetes 
Nomenclature

Though diabetes mellitus was recognized several centuries 
ago, it was Himsworth who first proposed that diabetes could 
be differentiated into insulin-sensitive and insulin- insensitive 
types in 1936 [3]. Bornstein and Lawrence found insulin bio-
activity in the plasma of people with maturity-onset but not 
juvenile-onset diabetes [4]. Berson and Yalow conclusively 
demonstrated this distinction by developing an insulin radio-
immunoassay [5]. This formed the basis of the initial classi-
fication of diabetes. During that time, patients with diabetes 
were classified according to the age of onset into juvenile- 
onset and maturity-onset subtypes, juvenile-onset being 
insulin-sensitive, and maturity-onset being insulin- 
insensitive. In 1980, recognizing that age of onset did not 
necessarily correlate with insulin dependency, the WHO 
Expert Committee on Diabetes removed age of onset from 
the classification, instead using the terms: insulin-dependent 
(type 1) and non-insulin-dependent (type 2) [6]. In 1997, an 
international expert committee recommended removal of the 
terms insulin-dependent and non-insulin-dependent given 
that many patients with type 2 diabetes have progressive beta 
cell failure and subsequently require insulin therapy. This 
was adopted by the ADA that year and by the WHO in 1999 
[7, 8].

There have been substantive changes over the years in the 
classification of GDM also. As early as the 1940s, it was 
noted that women who were diagnosed with diabetes years 
after pregnancy had had higher rates of fetal loss and neona-
tal mortality with prior pregnancies [9]. The first oral glucose 
tolerance test (OGTT) criteria for diagnosis of gestational 
diabetes were put forward by O’Sullivan and Mahan in 1964 
[10]. Until relatively recently, GDM incorporated any degree 
of glucose intolerance first recognized during pregnancy [7]. 
Given the increasing prevalence of impaired glucose regula-

Table 28.1 Etiologic classification of diabetes mellitus

Type 1
   Autoimmune
   Idiopathic
Type 2
Gestational
Other specific types
   Genetic defects of β-cell function:
    MODY types 1–6, 9, 10
    Mitochondrial DNA
   Genetic defects in insulin action:
    Type A insulin resistance
    Leprechaunism
    Lipoatrophic diabetes
    Rabson–Mendenhall syndrome
   Disorders of the exocrine pancreas:
    Pancreatitis
    Pancreatic neoplasm
    Pancreatic surgery
    Cystic fibrosis
    Hemochromatosis
   Endocrinopathies:
    Cushing’s syndrome
    Acromegaly
    Pheochromocytoma
    Hyperthyroidism
    Glucagonoma
    Somatostatinoma
   Medication-induced:
    Glucocorticoids
    Checkpoint inhibitor immunotherapy
    Nicotinic acid
    Calcineurin inhibitors
    Pentamidine
    Diazoxide
    Phenytoin
    β-Adrenergic agonists
    Thiazides
    α-Interferon
   Posttransplantation
   Infections:
    Congenital rubella
    Cytomegalovirus
   Uncommon forms of immune-mediated diabetes:
    “Stiff-man” syndrome
    Anti-insulin receptor antibodies
   Other genetic syndromes sometimes associated with diabetes:
    Down syndrome
    Klinefelter syndrome
    Turner syndrome
    Wolfram syndrome
    Friedreich ataxia
    Huntington chorea
    Laurence–Moon–Biedl syndrome
    Myotonic dystrophy
    Prader–Willi syndrome
    Porphyria cutanea tarda
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tion at earlier ages, current guidelines use the terms “overt 
diabetes” or “diabetes in pregnancy” for women meeting 
standard OGTT cut points for diabetes, using the term GDM 
for lesser degrees of glucose intolerance [11, 12].

 Case Examples Illustrating Different 
Classifications of Diabetes

Diabetes is a heterogenous disease; clinical presentation and 
disease progression can vary greatly between individuals. 
Assigning a type of diabetes to a patient frequently depends 
on his/her phenotype and the circumstances present at the 
time of diagnosis. Sometimes, the type may not be evident at 
diagnosis, and many patients do not easily fit into a single 
class. Usually, the diagnosis becomes more clear over time. 
These cases discussions illustrate some of the different types 
of diabetes and the challenges that can exist in determining 
the specific diagnosis.

 Case 1
A 19-year-old student with no past medical history was 
admitted for diabetic ketoacidosis (DKA), precipitated by 
urinary tract infection. She had been lethargic, with weight 
loss, polydipsia, and polyuria for 2  months. Prior to her 
admission, she complained of 3 days’ history of fever, dys-
uria, frequency, and abdominal pain. She did not have any 
family history of diabetes. She was of slim build, with a body 
mass index (BMI) of only 17.3 kg/m2.

Laboratory investigations on admission:

• Total white cell count: 16.4 × 103 U/L (4–10)
• Serum sodium: 128 mmol/L (135–145)
• Serum glucose: 34.5 mmol/L (3.1–7.8)
• Serum bicarbonate: 13.8 mmol/L (19–31)
• Serum creatinine: 171 μmol/L (65–125)
• Arterial blood pH: 7.23 (7.35–7.45)
• Serum ketones: 4.6 mmol/L (<0.6)
• Glycated HbA1c: 9.2%
• Glutamic acid decarboxylase (GAD) antibody: 117.4 U/

mL (0–0.8)
• Islet cell antibody (ICA): negative
• Urine microscopy: 450 white blood cells

This is a typical case of a newly diagnosed type 1 diabe-
tes, presenting with DKA. Type 1 DM is usually diagnosed 
before 30–40 years of age, most commonly during childhood 
or adolescence. However, it can occur throughout life and is 
sometimes misdiagnosed as type 2 DM when it presents in 
older age groups. The lean body habitus of Case 1 is also 
typical of a patient with type 1 DM. Type 1 DM is usually 

characterized by the presence of anti-GAD (glutamic acid 
decarboxylase), anti-islet cell (ICA), or anti-insulin antibod-
ies, which reflect the autoimmune processes that cause β-cell 
destruction. Patients with type 1 DM require insulin for sur-
vival and to prevent DKA.

 Case 2
A 26-year-old man was diagnosed with diabetes 5 years ago 
during a routine health screen. Both his parents developed 
diabetes in their 40s. He was overweight with a BMI of 
28.3 kg/m2 and waist circumference of 110 cm. He is cur-
rently on two oral hypoglycemic agents (metformin and sita-
gliptin). He does not suffer from any macrovascular or 
microvascular complications of DM.

Laboratory investigations during his latest outpatient 
clinic review:

• HbA1c: 7.6%
• Triglycerides: 2.0 mmol/L (<1.7)
• Low-density lipoprotein (LDL): 3.2 mmol/L (<2.6)
• High-density lipoprotein (HDL): 0.9 mmol/L (1–1.6)

This is a case of a relatively young patient with type 2 
DM. Most people with type 2 DM are overweight or obese. 
Adiposity contributes to insulin resistance. Though type 2 
DM was traditionally described in older individuals, there is 
a growing incidence of type 2 DM in young adults and even 
children, which is thought to largely relate to increasing rates 
of obesity. More than in type 1 DM, type 2 DM shows strong 
familial aggregation. DKA seldom occurs in this type of dia-
betes unless there is a significant precipitating illness such as 
infection. Type 2 diabetes is usually diagnosed late as it 
develops gradually and patients remain asymptomatic during 
the initial stages. Lifestyle modification and weight reduc-
tion can decrease insulin resistance in these patients. Initial 
treatment usually involves oral hypoglycemic agents. The 
UK Prospective Diabetes Study (UKPDS) [13] showed that, 
over time, despite lifestyle modification and pharmacother-
apy, there is progressive loss in β-cell function, and insulin 
may ultimately be needed for control of these patients’ 
 glycemic deterioration (Table 28.2, differences between type 
1 DM and type 2 DM).

 Case 3
A 40-year-old man with generalized vitiligo was diagnosed 
with diabetes 2 years ago when he was admitted to hospital 
for lower limb cellulitis. There was no family history. He was 
of slim build with a BMI of 18.6 kg/m2. His physician started 
him on metformin and gliclazide with improvement in his 
glycemic control. However, despite compliance to diet and 
increasing doses of his medication, he was unable to keep his 
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HbA1c below a target of 7% (53  mmol/mol). His fasting 
C-peptide was 0.1 nmol/L, indicating inadequate pancreatic 
β-cell reserve. His anti-GAD antibodies and ICA were both 
positive. He was started on insulin 15 months after his pre-
sentation, with prompt improvement in his glycemic control.

The age of Case 3 at presentation and initial lack of insu-
lin dependence pointed toward a diagnosis of type 2 
DM. However, he had several features more typical of type 1 
DM, including his lean body mass, lack of family history of 
diabetes, and subsequent rapid progression to insulin depen-
dency. The diagnosis was confirmed by the presence of GAD 
and ICA antibodies. The presence of vitiligo also suggested 
a predisposition for autoimmunity. This is an atypical form 
of diabetes known as latent autoimmune diabetes of adult 
onset (LADA). LADA is defined by three features, including 
adult age at diagnosis (usually above the age of 30), the pres-
ence of diabetes-associated autoantibodies, and a delay in 
the progression to insulin dependency (more than 6 months, 
up to 10–12 years) [14]. Case 3 fulfilled all these three crite-
ria. Studies have shown that among patients with phenotypic 
type 2, LADA occurs in 10% of people above 35 years old 
and 25% below that age [15]. It is important to distinguish 
patients with LADA from type 2 DM, as treatment of choice 
is early insulin therapy to prevent the progression to com-
plete β-cell failure from glucose toxicity. Sulfonylureas, 
which are commonly used to treat type 2 DM, have been 
thought to promote β-cell failure due to their stimulatory 
effect of insulin secretion by the pancreas and should gener-
ally be avoided in LADA [16].

 Case 4
A 36-year-old overweight man of African-American ethnic-
ity, diagnosed with type 2 diabetes 3 years ago (anti-GAD 
and ICA negative, HbA1c 8.5% (69 mmol/mol)), noncom-

pliant to his treatment with metformin and gliclazide, was 
admitted to the hospital with DKA. There was no evidence 
of infection or other precipitants for his DKA.  He was 
switched to biphasic insulin (30  units pre-breakfast and 
20  units pre- dinner) before his discharge from hospital. 
However, he started experiencing hypoglycemic events at 
home which persisted even after he had progressively 
reduced the dosage of biphasic insulin to 18  units pre-
breakfast and 8 units pre- dinner. His fasting C-peptide was 
0.8  nmol/L, indicating presence of sufficient pancreatic 
reserve. He was subsequently switched back to sustained 
release metformin 1000  mg twice daily and gliclazide 
60 mg once daily. His hypoglycemic episodes resolved, and 
his overall glycemic control improved with his HbA1c drop-
ping to 7.2%.

This illustrates a seemingly typical case of type 2 DM in 
an overweight individual. However, it is unusual for patients 
with type 2 DM to develop DKA, particularly in the absence 
of precipitants. This is an example of another atypical form 
of diabetes, known as ketosis-prone type 2 DM. It is more 
common in African-American and Hispanic patients. Hence, 
it is also known as Flatbush diabetes, in recognition of the 
place from where many of the first-described cases came 
from [17]. Patients with ketosis-prone type 2 are usually 
young to middle-aged overweight individuals with a history 
of acute, unprovoked episodes of DKA.  Unlike in type 1 
DM, DKA in these patients is not due to irreversible β-cell 
damage but hypothesized to be due to increased susceptibil-
ity to β-cell desensitization due to glucose toxicity [18]. 
Upon reversal of glucose toxicity with insulin therapy, the 
β-cell function partially recovers. Basal and stimulated 
C-peptide levels of more than 0.33 nmol/L and 0.5 nmol/L, 
respectively, shortly after presentation of DKA, as well as 
more than 0.5 nmol/L and 0.75 nmol/L, respectively, during 
follow-up, have been shown to be good predictors of remis-
sions [17–19]. It is advisable to keep patients with ketosis- 
prone type 2 DM on oral hypoglycemic agents (usually 
low-dose sulfonylurea and metformin), as normoglycemic 
remission periods are significantly shortened (to within 
2 years) if they are treated with diet control alone after dis-
continuation of insulin therapy [19–21].

 Case 5
A 19-year-old student presented with a few months of poly-
dipsia and polyuria and was diagnosed with diabetes. In 
view of his young age and lean build (BMI 19.8 kg/m2), he 
was treated as having type 1 DM and was commenced on 
subcutaneous insulin therapy. During one of his outpatient 
reviews, it was realized that he had a very significant family 
history of young-onset diabetes (Fig. 28.1, family tree show-
ing affected individuals). He underwent genetic testing for 
maturity-onset diabetes of the young (MODY) which con-
firmed mutation in HNF1α, one of the transcription factors 

Table 28.2 Differences between type 1 DM and type 2 DM

Type 1 DM Type 2 DM
Frequency 5–10% of all DM >90% of all DM
Etiology Immune-mediated islet 

cell destruction, leading 
to absolute insulin 
deficiency; can be 
idiopathic

Insulin resistance with 
relative insulin deficiency

Age at 
presentation

Usually during 
childhood or 
adolescence

Usually after middle age

Body habitus Usually slim Usually overweight
Family 
history of 
DM

Usually no Usually yes

Treatment Need insulin at 
diagnosis

Usually treated with 
lifestyle modification and 
oral hypoglycemic agents 
but may require insulin 
later
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that affect β-cell development and function. He was switched 
to gliclazide and has maintained satisfactory glycemic con-
trol since then.

MODY is the most common form of monogenic diabetes. 
It is characterized by early age of onset (typically less than 
25 years), initial non-insulin dependence and an autosomal 
dominant pattern of inheritance [22]. Several different 
genetic abnormalities have been identified. The most com-
monly affected genes are those encoding for glucokinase 
(GCK) and three transcription factors: hepatic nuclear factor 
1 alpha (HNF1A), hepatic nuclear factor 4 alpha (HNF4A), 
and hepatic nuclear factor 1 beta (HNF1B). In predominantly 
Europid populations, MODY accounts for between 1.2% and 
3.0% of diabetes cases diagnosed in childhood [22].

Clinical presentation (including age of onset, severity 
and progression of hyperglycemia) varies greatly depend-
ing on the underlying genetic mutation, but affected 
patients are non-insulin-dependent at the onset of the dis-
ease. In addition, they are usually of lean body habitus 
with no or minimal insulin resistance. Patients with gluco-
kinase dysfunction MODY have mild fasting hyperglyce-
mia (fasting plasma glucose, FPG, 5.5–8.0 mmol/L) from 
birth. Their glycemic excursion during an OGTT is often 
also very mild (increment of less than 4.6 mmol/L) [23]. 
As their hyperglycemia is mild, they generally do not have 
symptoms, do not require treatment, or develop microvas-
cular complications. However, insulin treatment may be 
required during pregnancy but is often of limited efficacy 
[24]. In contrast, patients with transcription factor MODY 
(of which HNF1A is most common) are usually born with 
normal glucose regulation but develop progressive β-cell 
dysfunction leading to diabetes onset between the age of 
10–30 years old. At presentation, they usually have normal 
fasting plasma glucose but markedly elevated glucose 
excursion during an OGTT.  Patients with HNF1A and 
HNF4A–MODY tend to respond well to low- dose sulfo-

nylurea therapy, whereas those with HNF1B–MODY gen-
erally require insulin therapy [22].

MODY should be considered in patients with diabetes 
diagnosed before 25 years old, who do not fully fit into the 
phenotypes of type 1 or type 2 DM and who have a strong 
family history of young-onset diabetes. A MODY probabil-
ity calculator has been developed and validated. It is avail-
able online and as a smart phone application [25]. 
Differentiating MODY from type 1 DM is particularly 
important as these patients can often be effectively treated 
without insulin therapy. Genetic testing is important, not 
only to guide appropriate treatment and predict clinical 
course but also to provide genetic counseling for their fami-
lies, since there is a 50% risk of first-degree relatives having 
the same gene mutation due to its autosomal dominant 
inheritance.

 Part II: Clinical Stages of Diabetes

Patients who ultimately develop diabetes typically pass 
through a spectrum of clinical stages during its progression 
(Fig.  28.2). Initially, glucose regulation is normal, and 
patients remain normoglycemic even if they are subjected to 
an OGTT.  This stage is followed by a variable period of 
intermediate hyperglycemia, sometimes referred to as “pre-
diabetes.” This can be defined as impaired fasting glycemia 
(IFG) using FPG criteria or impaired glucose tolerance (IGT) 
using 2-hour plasma glucose (2hPG) criteria. The ADA, but 
not the WHO, also recognized an intermediate range of 
HbA1c. Even intermediate hyperglycemia is associated with 
increased cardiovascular risk and retinopathy. Patients with 
intermediate hyperglycemia have a 5–10% risk of progres-
sion to actual diabetes annually, compared to 0.7% in normo-
glycemic people [26]. It is also possible for people with 
intermediate hyperglycemia to regress back to normoglyce-

26
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Case 5

Fig. 28.1 Family tree 
showing people with DM in 
Case 5’s family. Note: The 
numbers indicate the age of 
onset of DM in affected 
family members
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mia. Once diabetes develops, lifestyle modification or oral 
hypoglycemic agents may be sufficient for some patients, 
depending on the type of diabetes. On the other hand, some 
may require insulin for survival or control.

Separate staging of type 1 DM has also been proposed 
based around worsening dysglycemia and reduction in func-
tioning ß-cell mass through the stages [27]:

• Stage 1: ß-cell autoimmunity with normoglycemia and 
pre-symptomatic

• Stage 2: ß-cell autoimmunity with dysglycemia but 
pre-symptomatic

• Stage 3: ß-cell autoimmunity with dysglycemia and 
symptomatic

 Part III: Laboratory Diagnosis of Diabetes 
Mellitus

Since the twentieth century, the diagnosis of all types of dia-
betes mellitus has been based on detection of hyperglycemia. 
Prior to the development of methodologies for quantifying 
blood glucose levels, the diagnosis was largely based on the 
detection of glycosuria in a patient with the appropriate clini-
cal syndrome. At present, in the setting of marked symptom-
atic hyperglycemia or a hyperglycemic crisis, a single 
elevated random plasma glucose level above 11.1  mmol/L 
can be considered diagnostic of diabetes. However, diabetes 
is commonly diagnosed in asymptomatic individuals, par-
ticularly with type 2 DM and GDM. In these cases, the diag-
nosis is essentially biochemical and relies on accepted 
diagnostic thresholds. Three measures are currently accepted 
diagnostic tests for diabetes: FPG, OGTT, and hemoglobin 

A1c (HbA1c). A patient with an elevated diagnostic marker 
should have the same test repeated on a separate occasion to 
confirm the diagnosis of diabetes.

 Determining Diagnostic Thresholds

Over time, two main approaches have been utilized for deter-
mining diagnostic cut points for diabetes (Fig. 28.3). In some 
populations, a bimodal distribution of glycemia has been 
found, suggesting a “normal” and an “abnormal” population. 
The intersection between the two curves can be used as a 
point of differentiation between those with diabetes and 
those without. Such distributions were observed in the 1970s 
in populations with high prevalence of diabetes, such as the 
Pima Indians and the Micronesian population of Nauru. 
These data formed the basis of the 1979 National Diabetes 
Data Group (NDDG) criteria and subsequent 1980 WHO cri-
teria for the diagnosis of diabetes [28]. These criteria 
remained as the foundation for the diagnosis of type 2 diabe-
tes for almost two decades.

The second approach is to examine the relationship 
between a diagnostic marker and a significant clinical out-
come to see if there is a threshold value at which the risk of 
the clinical outcome increases above the baseline population 
risk. To an extent, such threshold values are seen with reti-
nopathy and glycemia, whether measured with FPG, 2hPG, 
or HbA1c [29]. Such data form the basis of current ADA and 
WHO diagnostic criteria [28]. It should be noted that the 
relationship between cardiovascular risk and glycemia is 
approximately linear. Similarly, in pregnancy, the relation-
ship between glycemia and adverse outcomes such as macro-
somia, requirement for C-section, and neonatal hypoglycemia 
are essentially linear [30]. Therefore, the diagnostic cut 
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Fig. 28.2 Disorders of 
glycemia: clinical stages and 
etiologic types. *Even after 
being treated for a 
hyperglycemic emergency, 
patients with type 1 and rarely 
type 2 diabetes can, for a 
period, return to 
normoglycemia (sometimes 
referred to as “honeymoon” 
remission); **in rare 
situations, other types of 
diabetes may require insulin 
for survival. (Adapted with 
permission from: Definition 
and diagnosis of diabetes 
mellitus and intermediate 
hyperglycemia—Report of a 
WHO/IDF consultation. 2006; 
Page 38 Appendix 4)
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points for diabetes are somewhat arbitrary, dichotomizing 
degrees of glycemia into two groups: those with diabetes and 
those without.

 Tests of Glycemia for Diabetes Diagnosis

Among the diagnostic armamentarium used for diabetes, 
OGTT has traditionally been the test of choice. However, 
current international criteria allow for the use of either FPG, 
2hPG, or HbA1c in diabetes diagnosis. The same tests are 
used to identify patients with intermediate hyperglycemia, 
although there is some disagreement about the use of HbA1c 
for this purpose and it is not recognized by the WHO. The 
current ADA and WHO criteria are presented in Table 28.3. 
The criteria are much the same, aside from different thresh-
olds to define impaired fasting glycemia (IFG). In 2003, the 
ADA reduced the threshold for IFG to 5.6 mmol/L to improve 
the correlation with impaired glucose tolerance (IGT) and to 
improve the sensitivity and specificity for predicting future 
diabetes [31].

Criteria for the diagnosis of GDM have been the source of 
considerable debate and discussion in recent years. Current 
WHO guidelines recommend the OGTT for the diagnosis of 
gestational diabetes [11]. It is generally only performed once 
as a screening test in the third trimester, and a repeat test is 
not considered necessary to confirm the diagnosis. Additional 
first trimester screening is recommended for women with 
risk factors for type 2 diabetes. The ADA guidelines still 
accommodate the option of a two-step screening process in 
which women undergo a 1-hour 50 g glucose challenge test 
and then, if positive, proceed to a 2-hour 75 g glucose toler-
ance test. HbA1c is not recommended for GDM diagnosis 

due to changes in red cell turnover in pregnancy. The original 
OGTT criteria for GDM were determined on the basis of the 
mother’s risk of subsequent type 2 diabetes. The specific cut 
points were adjusted over the years due to changes in assay 
methodology, particularly with the move from whole blood 
glucose to plasma glucose levels. The 1999 WHO guidelines 
recommended the use of the same criteria for GDM as for all 
other forms of impaired glucose regulation, creating signifi-
cant discordance between various criteria around the world.

In 2010, the International Association of Diabetes and 
Pregnancy Study Groups published recommendations for 
standardizing the approach to GDM diagnosis using OGTT 
criteria based on outcome data from the observational 
Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) 
study [12]. These recommendations have been adopted by 
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Fig. 28.3 Determining diagnostic thresholds. Graph a shows a 
bimodal distribution of glycemia in a population, as is seen for plasma 
glucose levels in some high-risk groups. The asterisk indicates the 
intersection of the two apparent curves, which can be used as a thresh-
old level to differentiate between “normal” and “diabetes.” Graph b 
shows an example of a nonlinear association between risk of a particu-

lar complication and degree of glycemia, somewhat like the relation-
ship between prevalent retinopathy and plasma glucose levels. Again 
the asterisk depicts a threshold value at which the risk of this complica-
tion begins to rise above the baseline population risk. This could also be 
used a diagnostic cut point

Table 28.3 Current ADA and WHO criteria for diabetes and interme-
diate hyperglycemia [1, 2]

ADA WHO
Diabetes mellitus
   FPGa ≥7.0 ≥7.0
   2hPGb ≥11.1 ≥11.1
   HbA1cc ≥6.5 (48) ≥6.5 (48)
Intermediate hyperglycemia
   IFGd 5.6–6.9 6.1–6.9
   IGTe ≥7.8 and <11.1 ≥7.8 and <11.1
   Defined by HbA1c

c 5.7–6.4 (38–46) NA
aFPG, fasting venous plasma glucose, mmol/L
b2hPG, 2-hour plasma glucose, (venous plasma glucose 2 hours after 
75 g glucose load), mmol/L
cHbA1c, hemoglobin A1c,% (mmol/mol)
dIFG, impaired fasting glucose, defined using fasting plasma glucose, 
mmol/L
eIGT, impaired glucose tolerance, defined using 2hPG, expressed in 
mmol/L
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the WHO and variably by other national organizations 
(Table 28.4). The lowered glycemic thresholds for diagnosis 
have led to significant increases in rates of GDM.

 Serum Glucose and OGTT

The test for FPG requires patients to be fasted for minimum of 
8 h. It is a simple and economical test. However, the blood 
specimen must be spun down quickly in the laboratory as 
there is steady loss of glucose with time even if fluoride blood 
tubes are used due to ongoing glycolysis. This is because glu-
cose consumption takes place within blood cells shortly after 
sampling, but fluoride inhibits glycolysis only in its more dis-
tal steps [32]. It has been estimated that glucose concentration 
decreases 5–7% (i.e., around 0.5 mmol/L) per hour [32, 33]. 
This rate may increase further in the setting of high ambient 
temperature [32, 33]. The pre-analytical variability of FPG is 
around 5–10% [29]. In addition, there can be significant intra-
individual variability in FPG due to factors other than diabe-
tes, such as concurrent illness (e.g., sepsis).

OGTT also requires patients to be fasted for 8 h. A blood 
sample is taken at baseline for plasma glucose before giving 
a glucose load (75 g of glucose in 300 ml of water to be con-
sumed over 5 min). Plasma glucose is repeated after 120 min 
(2hPG). The use of a standard 75 g glucose load in all indi-
viduals irrespective of age, body habitus, or other factors has 
been questioned. There is some evidence that differences in 
2hPG between men and women are explained by height [34].

 Glycated Hemoglobin (HbA1c)

HbA1c is a molecule of normal adult hemoglobin (HbA) 
with glucose bound at the N-terminal valine. The glycation 

of hemoglobin is a nonenzymatic process, which is instead 
driven by blood glucose concentrations. It was first recog-
nized as a component of human hemoglobin by Allen in the 
late 1950s and subsequently associated with diabetes by 
Rahbar a decade later [35]. The concentration of HbA1c is 
usually expressed as a proportion of HbA (either as a per-
centage or in mmol/mol). An individual’s HbA1c level cor-
relates with average blood glucose levels over the preceding 
3 months, which is the average life span of a red blood cell. 
However, the contribution of preceding glycemia across that 
3-month period is not equal. Tahara et al. have shown that the 
immediate past 30 days of glycemia accounts for 50% of the 
HbA1c level, the next 30 days (30–60 days before) accounts 
for 25%, and then 60–120  days before accounts for the 
remaining 25% [36].

HbA1c has been a cornerstone of diabetes management 
over the past few decades as a marker of glycemic control, 
guiding treatment decisions. As early as the 1980s, it was 
suggested that HbA1c could be a valuable marker for the 
diagnosis of diabetes. However, its restricted availability and 
lack of assay standardization prevented its introduction. Over 
the following decades, significant progress was made, par-
ticularly by the National Glycohemoglobin Standardization 
Program (NGSP) which originated in the USA [37]. This 
program utilized a direct comparison method, standard-
izing assays to the reference assay used in the seminal 
Diabetes Control and Complications Trial (DCCT). Since 
then an international reference system has been developed 
by the International Federation of Clinical Chemistry and 
Laboratory Medicine (IFCC) [38]. This system standard-
izes assays to a highly specific reference method using high 
performance liquid chromatography and either spray mass 
spectrometry or capillary electrophoresis. Assays calibrated 
to these highly specific methods produce lower HbA1c 
values due to less interference. Therefore, HbA1c is now 
reported in three different units: the standard international 
units of mmol/mol, NGSP/DCCT equivalent values (%), and 
estimated average glucose. The estimated average glucose 
(eAG) can also be derived from HbA1c (%) using this for-
mula [39]: eAG (mmol/L) = (HbA1c × 1.59) − 2.59.

In 2009 an expert committee recommended the inclusion 
of HbA1c into diagnostic criteria for diabetes at a cut point 
of 6.5% (48 mmol/mol) [31]. This recommendation was sub-
sequently adopted by the ADA and WHO [2, 40]. More and 
more clinicians are using HbA1c for diagnosis because it is 
convenient to perform as patients do not need to be fasted. 
There is greater pre-analytical stability (compared to plasma 
glucose testing) and less variation with factors such as stress 
and illness [41]. HbA1c correlates well with microvascular 
(and to a lesser extent, macrovascular) complications of dia-
betes. On the other hand, HbA1c is a costlier test and may 
not be available in certain developing countries. In addition, 
care must be taken in the interpretation of HbA1c results, as 

Table 28.4 IADPSG recommendations for screening and diagnosis of 
diabetes in pregnancy

Timing Tests Criteria
1st antenatal 
visit

If risk factors for 
diabetes, check FPG, 
random PG, or HbA1c

Overt/preexisting diabetes 
if:
   FPG ≥7.0 mmol/L
   RPG ≥11.1 mmol/L
   HbA1c ≥6.5%
GDM if:
   FPG ≥ 5.1 but 

<7.0 mmol/L
24- to 
28-week 
gestation

75 g OGTT GDM if:
   FPG ≥5.1 mmol/L
   1hPG ≥10 mmol/L
   2hPG ≥8.5 mmolL
Overt diabetes if:
   FPG ≥7.0 mmol/L

6–8 weeks 
post-partum

75 g OGTT for 
women with GDM

Usual WHO/ADA 
diagnostic criteria for 
diabetes

M. J. L. Hare and D. J. Topliss
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they can be misleading in patients with anemia, hemoglobin-
opathies, or other causes of abnormal red cell turnover, as 
well as following blood transfusions (Table 28.5) [35].

 Case 6
A 28-year-old primigravida, who was diagnosed with diabe-
tes at 26-week gestation, had been overweight since child-
hood. Her prepregnancy BMI was 29.4  kg/m2. Both her 
parents were diagnosed with type 2 DM in their 50s. Her 
fasting plasma glucose (FPG) done during her first antena-
tal consultation was 4.9  mmol/L.  OGTT done at 26-week 
gestation showed an elevated 2-h plasma glucose of 
9.2 mmol/L. She was started on insulin therapy for her GDM 
and subsequently delivered a healthy 3.2  kg baby boy at 
38-week gestation. Results of the OGTT performed 8 weeks 
postpartum were normal.

The woman in this example had risk factors for type 2 
DM and was thus screened for preexisting diabetes in the 
first trimester. Her first trimester FPG was normal. However, 
she subsequently developed GDM which was diagnosed on 
OGTT at 26 weeks. Women with GDM have a 35–60% risk 
of developing type 2 DM; hence an OGTT should be repeated 
6–8  weeks postpartum [42]. While Case 6 had a normal 
repeat OGTT, she continues to be at higher risk of develop-
ing GDM in any subsequent pregnancies and for type 2 DM 
in future.

 Case 7
A 62-year-old man with end-stage renal failure on hemodi-
alysis was found on routine blood tests during dialysis, to 
have random blood glucose ranging from 10.6 to 
14.1 mmol/L. He did not have any osmotic symptoms such as 
polydipsia and polyuria. His HbA1c was 5.6%, but OGTT 
showed elevated FPG and 2hPG readings of 7.4 mmol/L and 
12.8 mmol/L, respectively.

This is a case with discordant HbA1c and OGTT results. 
HbA1c is an unreliable test in patients with significant renal 
impairment due to a few factors. The presence of carba-
mylated hemoglobin in patients with renal failure can inter-
fere with some of the HbA1c assays, giving rise to falsely 
high HbA1c levels [43, 44]. On the other hand, uremia causes 
loss of erythrocyte surface lipids, leading to reduced deform-
ability and shorter survival and hence falsely low HbA1c lev-
els. This is particularly so in patients on hemodialysis [45]. 
In addition, many patients with renal failure are on erythro-
poietin therapy, and this causes erythrocytosis which also 
gives rise to falsely low HbA1c levels. In view of these fac-
tors, plasma glucose is a more suitable test to use for the 
diagnosis of diabetes in patients with renal failure. On the 
same note, regular self-monitoring of capillary blood glu-
cose is also more reliable in the assessment of glycemic con-
trol in these patients, compared to HbA1c. So this case does 
have diabetes despite normal HbA1c.

 Tests to Aid Determination of Diabetes Type

 C-Peptide
Like insulin, connecting peptide (C-peptide) is a cleaved 
product of proinsulin. It is secreted in equimolar concentra-
tions with insulin into the circulation but has no definite 
effects on carbohydrate metabolism. Its plasma half-life is 
30  min, much longer than that of insulin (around 4  min). 
Unlike insulin, it is not extracted by the liver and is excreted 
almost entirely by the kidneys. It also has constant peripheral 
clearance at different plasma concentrations and during 
changes in plasma glucose concentrations. C-peptide is not a 
diagnostic test for diabetes, but in view of the characteristics 
mentioned above, it is commonly used as a marker of β-cell 
function or reserve, as it reflects endogenous insulin produc-
tion of the pancreatic islet cells. A fasting C-peptide of 
<0.2 nmol/L has been shown to reflect severe insulin defi-
ciency, indicating the need for exogenous insulin therapy 
[46]. C-peptide can be stimulated by the administration of 
1 mg of glucagon intravenously. Its levels are measured at 
baseline and 6 and 10  min after intravenous glucagon. 
Normal stimulation of C-peptide is a 150–300% elevation 
over basal levels [47]. A stimulated C-peptide of <0.5 nmol/L 
is suggestive of severe insulin deficiency [46]. Even though 
C-peptide cannot be used in diagnosis, it is useful in cases 
where the type of diabetes is not clear as it can help clini-
cians decide if these patients require insulin therapy. This has 
been illustrated in Cases 3 and 4 earlier in this chapter.

 Autoantibodies
There are four main autoantibodies associated with type 1 
DM, namely, islet cell autoantibodies (ICA), glutamic acid 

Table 28.5 Conditions associated with falsely low/high HbA1c 
levels

Falsely low HbA1c Falsely high HbA1c
Associated with increased 
erythrocyte turnover:

Associated with decreased 
erythrocyte turnover:

Hemolysis Iron-deficiency anemia
Hemorrhage Postsplenectomy
Venesection
Hypersplenism
Treatment of iron-deficiency anemia
G6PD deficiency (with or without 
hemolysis)
Drugs, e.g., antiretrovirals, ribavirin, 
dapsone, erythropoietin
Pregnancy
Hemoglobinopathies, e.g., 
beta-thalassemia

28 Classification and Laboratory Diagnosis of Diabetes Mellitus
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decarboxylase autoantibodies (GAD), islet antigen-2 autoan-
tibodies, and insulin autoantibodies [48]. Again, these are 
not diagnostic tests for diabetes but can help to differentiate 
type 1 DM from other types of diabetes. Up to 90% of 
patients with type 1 DM have at least one positive autoanti-
body. However, the prevalence of positive autoantibodies is 
dependent on ethnicity, with the highest prevalence among 
Caucasians. In certain non-white populations, the prevalence 
of known autoantibodies may be as low as 40–50% [49].

Autoantibodies against GAD are most commonly to the 
GAD65 isoform (GAD65Ab). GAD65Ab are more sensitive 
than ICA autoantibodies. Unlike ICA autoantibodies, they 
remain detectable for many years even after substantial loss of 
β-cell function [50]. In addition, their detection rate increases 
with age in new-onset type 1 DM. This is in contrast to insulin 
autoantibodies whose predictive value for type 1 DM seems to 
be higher among younger children, possibly due to a higher 
rate of β-cell destruction. Insulin autoantibodies are detectable 
in 90% of children who have type 1 DM before the age of 5, 
compared to only 40–50% of adolescents older than 15 years 
old [51]. Islet antigen-2 autoantibodies are detected in about 
60–70% of patients with new-onset type 1 DM [52]. They are 
often preceded by insulin autoantibodies, GAD65Ab and ICA 
autoantibodies, respectively [53], and the frequency decreases 
with increasing age of onset.

 Conclusion

Diabetes mellitus is a heterogeneous collection of disorders 
of various etiologies, characterized by hyperglycemia due to 
impairment of insulin action and secretion. It is important to 
ascertain the etiology behind each patient’s diabetes in order 
to understand and predict its clinical course as well as guide 
management. Age at onset, clinical presentation, phenotype, 
medical history, and family history all play important roles in 
helping to determine the diagnosis. Measurement of 
C-peptide and autoantibodies can also be of assistance.

Though OGTT was traditionally used as the gold- standard 
diagnostic test for diabetes, more clinicians are now switch-
ing to HbA1c or FPG, largely for convenience. It is of value 
for clinicians to understand how the various diagnostic crite-
ria were developed and the potential factors, other than gly-
cemia, which may affect the different tests.
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Gestational Diabetes

H. David McIntyre and Jeremy J. N. Oats

 Diagnosis of Gestational Diabetes

The diagnosis and indeed the existence of gestational diabe-
tes mellitus (GDM) have been debated for many years. 
Historically, the first description of diabetes that had its onset 
during and symptomatically disappeared after the pregnancy 
was made by Bennewitz in 1824 [1]. However, it was not the 
1940s when Miller documented the increased frequency of 
prior adverse obstetric outcomes in women who later devel-
oped diabetes that recognition of GDM as an entity began to 
gain credence [2]. At that stage, it was considered to be a 
pregnancy-limited condition which resolved in the postpar-
tum period [3]. Its importance as a form of “prediabetes” was 
recognized by O’Sullivan and Mahan in 1964 [4]. They iden-
tified GDM as a precursor and predictor of later permanent 
diabetes. These two important strands of the epidemiologic 
importance of GDM have become increasingly interwoven 
since that time.

Current understanding of the pathophysiology of GDM 
includes two key components. These are the existence of 
pancreatic β-cell dysfunction (generally inferred to be pres-
ent before pregnancy) and the unmasking of this problem by 
the development of insulin resistance during pregnancy, 
which requires enhanced insulin production to maintain nor-
moglycemia. The etiologic factors underlying GDM, namely, 
β-cell dysfunction and insulin resistance, are not routinely 
measured in routine clinical practice, which relies on identi-
fication of their major consequence, hyperglycemia, for 
diagnosis of GDM.  This is generally measured under the 

additional stress of an oral glucose load, in the form of an 
oral glucose tolerance test (OGTT), which serves to unmask 
more subtle degrees of hyperglycemia. The major effects of 
maternal hyperglycemia are seen through stimulation of fetal 
growth by mild fetal hyperglycemia and consequent fetal 
hyperinsulinemia as outlined by Pedersen and refined by 
Freinkel to include the role of other nutrients [5]. The 
Pedersen hypothesis and modifications are represented in 
Fig. 29.1.

Prior diagnostic pathways and nomenclature for diagno-
sis of GDM have been heterogeneous. However, the recently 
published results of the Hyperglycemia and Adverse 
Pregnancy Outcome (HAPO) study [6] and subsequent con-
sensus development process organized by the International 
Association of Diabetes in Pregnancy Study Groups 
(IADPSG) [7] have led to a clearer and more uniform 
approach, grounded primarily in the risk of adverse preg-
nancy outcomes associated with mild hyperglycemia in 
pregnancy. The IADPSG criteria [7], now also endorsed by 
the World Health Organization [8] and the International 
Federation of Gynecology and Obstetrics (FIGO) [9], pro-
vide the primary point of reference for diagnosis of GDM in 
this paper.

The HAPO study [6] demonstrated a continuous and 
essentially linear relationship between maternal glycemia, 
measured during a three sample (fasting, 1 hour, 2 hours) 75 
gram OGTT performed between 24- and 32-week gestation 
and a series of clinically important pregnancy complications, 
including excessive fetal growth (both large for gestational 
age babies and those with excess body fat), risk of neonatal 
hyperinsulinemia, primary caesarean section, and risk of pre 
eclampsia. Similar associations were also seen with a range 
of secondary outcomes including neonatal hypoglycemia, 
premature birth, shoulder dystocia and birth trauma, hyper-
bilirubinemia, and need for intensive neonatal care.

The independent associations of glucose with these out-
comes persisted after adjustment for multiple potential con-
founders, including maternal body mass index (BMI) [6, 10]. 
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HAPO also considered the potential role of glycosylated 
hemoglobin (HbA1c) in the detection of GDM but concluded 
that HbA1c was not sufficiently discriminatory to be of value 
in this setting. Further, HAPO confirmed the Pedersen 
hypothesis [11] by clearly demonstrating the association 
between even mild degrees of maternal hyperglycemia and 
the fetal consequences of LGA, increased adiposity, and 
hyperinsulinemia.

Importantly, the HAPO study demonstrated no threshold 
for glucose associations with adverse outcomes, suggesting 

that new diagnostic criteria for GDM would need to be 
developed through a consensus process, a conclusion reached 
one and a half decades previously by Sacks et al. [12]. The 
consensus process organized by IADPSG subsequently 
developed a two-stage protocol for diagnosis of GDM and 
related disorders, summarized in Fig.  29.2. The recom-
mended diagnostic values for GDM were determined by 
consensus and are by definition arbitrary. They were based 
on the risks of fetal outcomes related to maternal glycemia, 
specifically LGA, neonatal adiposity (body fat >90th cen-
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macrosomia” Modified by 
Freinkel to include nutrients 
other than glucose (lipids and 
amino acids)

First antenatal visit
(all women or just those at hugh risk)

24-28 weeks gestation
(if no previous GDM diagnosis)

One test of
glucose status

Fasting
glucose

HbA1c Random
glucose

Confirm
with fasting
glucose or

HbA1c

GDM GDMOvert diabetes

≥92 but
<126mg/dL
(≥5.1 but

<7.0mmol/L)

≥126mg/dL
(7.0 mmol/L)

≥200mg/dL
(11.1mmol/L)
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Fig. 29.2 IADPSG 
recommended diagnostic 
pathway for overt diabetes in 
pregnancy and gestational 
diabetes
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tile), and neonatal hyperinsulinemia. The diagnostic glucose 
thresholds chosen (fasting, 1  hour or 2  hour at 75 gram 
OGTT) were those associated in continuous statistical mod-
els with odds ratios of 1.75 compared to the HAPO cohort 
mean for the three outcomes mentioned above, after exten-
sive adjustment for other confounders [7].

In recognition of the increasing prevalence of prepreg-
nancy diabetes (principally Type 2 diabetes) and obesity in 
women of reproductive age across many populations, 
IADPSG recommended early pregnancy testing for undiag-
nosed, severe hyperglycemia in early pregnancy. 
Implementation of early pregnancy testing on a universal or 
selective (risk factor based) basis was left open in the 
IADPSG recommendations due to the lack of firm data in 
this field and the widely varying diabetes prevalences in dif-
ferent populations around the world. The IADPSG Guidelines 
recommend that testing be undertaken using any of the fol-
lowing: fasting glucose, HbA1c, or random glucose (with 
confirmation), and that the results should be assessed using 
existing non pregnancy specific diagnostic criteria (see 
Fig. 29.2). Subsequently, the WHO recommendations intro-
duced the term “Diabetes in Pregnancy” to characterize 
hyperglycemia, first noted in pregnancy, that would have 
been consistent with a diagnosis of diabetes if detected prior 
to pregnancy [8].

Importantly, hyperglycemia of this severity, if detected in 
early pregnancy, is likely to have antedated the diagnosis of 
pregnancy. Clinically, these women have been shown to have 
high rates of established microvascular diabetes complica-
tions [13] and thus demand urgent attention, both for their 
pregnancy care and for management of their diabetes and 
associated complications.

The IADPSG and WHO recommend that all women not 
previously identified as having abnormal glucose metabo-
lism should undergo a formal 75 gram OGTT at 24- to 
28-week gestation. Non-fasting glucose challenge tests, 
favored in some previous diagnostic algorithms, are not rec-
ommended due to limited sensitivity [14] and lack of clear 
associations with pregnancy outcomes. Following the 
IADPSG/WHO criteria, GDM is diagnosed if any one of the 
three relevant glucose values (fasting, 1 hour or 2 hour post 
75 gram glucose load) equals or exceeds the thresholds noted 
in Fig. 29.1. If a fasting test is performed in early pregnancy, 
some women may be diagnosed as GDM at this stage. 
Otherwise, the diagnosis would generally be made at 
24–28 weeks.

Given the fine distinctions to be drawn between normal 
and abnormal results, standardization and calibration of glu-
cose measurements at the OGTT and at other testing points 
in pregnancy are critical. Venous plasma glucose should be 
used for all measures, and laboratories should pay careful 
attention to methodology and quality control [7].

 Differential Diagnosis/Other Considerations

Since GDM is most commonly an asymptomatic condition 
diagnosed on the basis of glucose concentrations during the 
exogenous stress of an OGTT, differential diagnosis is not 
generally an important clinical consideration. However, it is 
important to consider other aspects of the condition includ-
ing (1) other specific forms of abnormal glucose metabolism 
which may present as GDM and (2) important maternal and 
pregnancy factors which predispose to GDM.

Monogenic causes of diabetes are increasingly recog-
nized, and though they tend to comprise only a small propor-
tion of cases, they may be first detected in pregnancy due to 
increased glucose testing. Autosomal mutations causing dia-
betes are commonly grouped under the heading of maturity- 
onset diabetes of the young (MODY). Collectively, MODY 
variants may account for up to 10% of cases of GDM [15].

The example of glucokinase gene (GCK) mutations caus-
ing MODY2 [16] is particularly instructive. GCK mutations 
in the mother are associated with mild fasting hyperglyce-
mia, generally without other abnormalities on the oral glu-
cose tolerance test. If the fetus carries the same mutation, 
birthweight tends to be normal as both mother and fetus are 
adapted to “sensing” glucose at the same level. By contrast, 
if the mother carries the GCK mutation (and therefore is 
mildly hyperglycemic) and the fetus is normal, birthweight 
is increased. Conversely, if the mother is normal and the 
fetus carries the GCK mutation, birthweight is reduced. This 
elegant experiment of nature demonstrates the potential 
importance of both genes and environment in determining 
fetal growth.

Autoimmune diabetes, including early Type 1 diabetes and 
Latent Autoimmune Diabetes of Adult Life (LADA) may also 
be detected due to glucose testing in pregnancy. The definitive 
diagnosis is not always clear in this instance. In a recent case 
series from France, this form of diabetes, described as “Type 
1 diabetes masquerading as GDM” was associated with preg-
nancy complications [17]. Prevalence of GAD or islet cell 
antibodies has been reported to be as high as 6% in some 
GDM cohorts [18] and is associated with a higher incidence 
of progression to overt diabetes postpartum.

The use of clinical risk factors for prediction of GDM is 
of limited utility, and this forms one argument in favor of 
universal diagnostic testing in pregnancy. Increased placen-
tal size, as seen in multiple pregnancies, is associated with a 
higher risk of GDM in some studies [19]. While a number of 
demographic and anthropometric factors, such as maternal 
age, ethnicity, body mass index, and previous history of 
GDM or macrosomia, are associated with higher risk of 
GDM, no one factor or combination of factors offers suffi-
cient discriminatory power to eliminate the need for bio-
chemical assessment.
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Reported recurrence rates of GDM in subsequent preg-
nancies vary from 36% to 69% [20]. Recurrence risk appears 
higher in the presence of maternal obesity, early diagnosis of 
GDM in the index pregnancy, and excessive inter pregnancy 
weight gain. It remains unclear why recurrence rates for 
GDM are not higher than observed, given that women are by 
definition older and frequently heavier at the time of subse-
quent pregnancies. This observation does suggest that vari-
ability in the interaction between a woman and a particular 
fetus (or fetoplacental unit) may play a role in the etiology of 
GDM.

 Current and Future Therapies

Current therapy for GDM is largely “glucocentric.” The 
major therapeutic goal is achievement of glucose levels as 
close to normal pregnancy values as possible. Our discussion 
will include the current definition of normoglycemia in preg-
nancy, evidence favoring treatment, available therapeutic 
modalities, recent evidence for the use of ultrasound estima-
tion of fetal growth to guide the intensity of treatment, and 
decisions regarding the mode and timing of delivery. 
Postpartum follow-up for the woman with GDM will also be 
addressed.

Normoglycemia in pregnancy The definition of normal 
pregnancy glucose levels, both fasting and in the postpran-
dial state, has been investigated by a variety of methods, 
including detailed hospital inpatient studies, ambulatory 
studies using capillary glucose meters and continuous glu-
cose monitoring (CGMS) over many years. A comprehen-
sive analysis of this literature was published by Hernandez 
et al. in 2011 [21] and concluded that mean glucose levels in 
normal weight pregnant women were lower than previously 
described (mean  ±  SD fasting 71  ±  8  mg/dL or 
3.9  ±  0.4  mmol/L; 1  hour post-meal 109  ±  10  mg/dL or 
6.1  ±  0.6  mmol/L; 2  hours post-meal 99  ±  10  mg/dL or 
5.5 ± 0.6 mmol/L). The commonly used statistical upper lim-
its of these observations (mean + 2 SD) are also substantially 
lower than current, largely empirical, glucose treatment tar-
gets advocated in GDM [22–27] (Table 29.1) . The determi-
nation of optimal glucose targets remains contentious, 
although the current recommendations of major professional 
bodies are largely congruent. The values mentioned in 
Table 29.1 are the maximal glucose values in the fasting and 
postprandial states considered acceptable by the relevant 
organizations, or reported as treatment targets by the ran-
domized controlled trials. The abbreviations and data sources 
for Table  29.1 are as follows: ADA, American Diabetes 
Association [23]; ADIPS, Australasian Diabetes in Pregnancy 
Society [27]; ACOG, American College of Obstetricians and 
Gynecologists [23]; NICE, National Institute of Clinical 

Excellence (UK) [23]: DIPSI, Diabetes in Pregnancy Society 
India [24]: CDA, Canadian Diabetes Association [26]; 
ACHOIS, Australian Carbohydrate Intolerance Study [28]; 
and MFMN, Maternal Fetal Medicine Networks study [29].

Evidence for treatment of GDM Although the clinical 
importance of treating GDM was hotly debated for many 
years, two large randomized controlled trials have now been 
conducted, with largely congruent results. The ACHOIS 
study [28], conducted principally in Australia, randomized 
490 women to an intervention including dietary advice, 
home blood glucose monitoring, and insulin therapy as 
required and compared them to 510 women assigned to stan-
dard care. The primary composite outcome of serious perina-
tal complications (death, shoulder dystocia, bone fracture, or 
nerve palsy) was reduced from 4% to 1% (p = 0.01) with 
intervention. Only 20% of women required adjunctive insu-
lin treatment. The rates of LGA and macrosomia (defined as 
birthweight ≥4000 grams) were also reduced, with no 
increase in small for gestational age (SGA) babies. Quality 
of life was improved with treatment, and hypertensive com-
plications of pregnancy were less frequent. Treated women 
had higher rates of induction of labor but similar rates of 
caesarean delivery. Admission of neonates to the neonatal 
nursery was more frequent with intervention, possibly related 
to hospital policies.

The US-based Maternal-Fetal Medicine Units Network 
trial of the treatment of mild GDM [29] randomly assigned 
485 women to intervention vs. 473 assigned to standard care. 
This study excluded women with fasting glucose ≥95 mg/dL 
(5.3 mmol/L) but required them to have 2/3 other OGTT val-

Table 29.1 Glucose targets recommended by major national organiza-
tions in gestational diabetes or reported in major randomized controlled 
trials

Organization
Fasting
(≤)

1 hour post-meal
(≤)

2 hours post-meal
(≤)

ADA 95 mg/dL
5.3 mmol/L

140 mg/dL
7.8 mmol/L

120 mg/dL
6.7 mmol/L

ADIPS 90 mg/dL
5.0 mmol/L

133 mg/dL
7.4 mmol/L

120 mg /dL
6.7 mmol/L

ACOG 95 mg/dL
5.3 mmol/L

130 mg /dL
7.2 mmol/L

NICE 106 mg/dL
5.9 mmol/L

140 mg/dL
7.8 mmol/L

DIPSI 90 mg/dL
5.0 mmol/L

120 mg/dL
6.7 mmol/L

CDA 95 mg/dL
5.3 mmol/L

140 mg/dL
7.8 mmol/L

120 mg/dL
6.7 mmol/L

Trial
ACHOIS 99 mg/dL

5.5 mmol/L
126 mg /dL
7.0 mmol/L

MFMN 95 mg/dL
5.3 mmol/L

120 mg/dL
6.7 mmol/L
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ues in excess of ADA thresholds for the diagnosis of gesta-
tional diabetes [23]. The composite outcome used in this trial 
included both perinatal mortality and neonatal outcomes 
associated with maternal hyperglycemia (hypoglycemia, 
hyperbilirubinemia, hyperinsulinemia, and birth trauma). 
The vast majority (92%) of treated women were managed by 
lifestyle interventions, with only 37/485 or 7.6% needing 
adjunctive insulin therapy. As with the ACHOIS study, the 
rates of LGA and macrosomia were reduced with treatment 
as was neonatal fat mass. Hypertensive disorders of preg-
nancy, caesarean section, maternal weight gain from 
 enrolment, and shoulder dystocia were all reduced by active 
intervention. The composite neonatal outcome did not differ 
between the treatment groups.

Both of these studies demonstrate that active treatment of 
women with GDM reduces serious pregnancy complications 
including hypertensive disorders of pregnancy and excessive 
fetal growth and its consequences. Thus, after many years of 
debate, active treatment of GDM appears justified.

Current therapy of GDM Lifestyle modification, including 
medical nutrition therapy and encouragement of physical 
activity, forms the primary mode of therapy for GDM.  As 
noted above, such therapy proved sufficient in 80–90% of 
women enrolled in the two major randomized trials. The 
American Dietetic Association evidence-based nutrition prac-
tice guidelines for GDM [30] provide a sound overall frame-
work for nutritional interventions. They advocate review by a 
registered dietitian within 1 week of GDM diagnosis and a 
minimum of two follow-up visits. While dietary recommenda-
tions are individualized, the general guidance favors mild 
energy restriction to approximately 70% of recommended 
daily intake for overweight/obese women and reduction of 
total carbohydrate intake to less than 45% of total caloric 
intake. Other recent studies have specifically examined the 
role of glycemic index in nutritional therapy for GDM [31] 
and have suggested that this may enhance the effects of stan-
dard treatment and assist some women in meeting glycemic 
targets and obviating the need for pharmacotherapy, although 
overall pregnancy outcomes have been reported as similar to 
those achieved with a high-fiber diet [32].

Insulin therapy remains the cornerstone of treatment for 
women who fail to meet glycemic goals after lifestyle modi-
fication. The glucose targets currently recommended by vari-
ous international organizations and those used in the two 
major randomized trials are listed in Table 29.1. The choice 
of insulin regimen for an individual woman depends on the 
pattern of elevated glucose readings seen on home glucose 
monitoring. Women with predominant fasting hyperglyce-
mia may respond well to a single evening injection of inter-
mediate (NPH) or long-acting (glargine or detemir) insulin. 
Those with predominant elevation of postprandial glucose 

are generally treated with soluble insulin or a rapid acting 
analogue (aspart or lispro) insulin prior to meals. Women 
with a mixed pattern of elevated glucose readings may also 
be treated with premixed insulins, generally twice daily at 
breakfast and dinner time. A recent detailed review [33] has 
concluded that there is minimal evidence available to choose 
between specific insulin regimens.

Other therapeutic options Oral hypoglycemic agents, 
principally glibenclamide (glyburide in the USA) and met-
formin, have also been trialled in gestational diabetes. The 
first major randomized controlled trial of glyburide, con-
ducted by Langer and colleagues [34], reported equivalent 
glucose control and no substantial differences in outcomes in 
women treated with glyburide as compared to insulin after 
failure of lifestyle management. Langer’s study was not 
powered to examine major pregnancy outcomes. 
Subsequently, a systematic review of this and subsequent 
randomized trials [35] reported no differences in terms of 
glycemic control or pregnancy outcomes when comparing 
glyburide and insulin therapy. However, a large recent (non- 
randomized) cohort study of 10,682 women from the “Sweet 
Success” program in California reported increased rates of 
LGA and neonatal intensive care unit admission in those 
women treated with glyburide [36], and a more recent sys-
tematic review has concluded that glyburide is inferior to 
metformin and insulin in the treatment of GDM [37].

Metformin has also been evaluated in the large “metfor-
min in gestational diabetes (MiG)” study [38] and two 
smaller randomized trials [39, 40]. These studies included 
women who failed to meet glycemic targets after lifestyle 
interventions for GDM. They demonstrated very similar glu-
cose control and pregnancy outcomes with metformin ther-
apy when compared to standard insulin treatment. The rate 
of supplemental insulin therapy was high overall – 46% in 
the MiG study and 32% in the Finnish report, but surpris-
ingly no patients in the study from New Mexico USA 
required supplemental insulin therapy. Patient preferences 
were clearly in favor of metformin therapy.

Uncontrolled reports suggested that metformin reduces 
pregnancy complications in women with polycystic ovarian 
syndrome treated during pregnancy [41–43], but a recent 
randomized trial failed to confirm any benefit [44].

Two randomized trials [45, 46] comparing metformin 
with glyburide/glibenclamide in the treatment of GDM have 
shown somewhat discordant results. In a report from Brazil 
[45, 47], Silva et al. reported comparable efficacy between 
these two medications, with supplemental insulin required in 
around 25% of each group. In contrast, Moore et  al. [46] 
reported that 35% of metformin-treated women required 
supplemental insulin as compared to 16% of those treated 
with glyburide.
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The use of oral hypoglycemic agents in the treatment of 
GDM varies widely on a country by country basis, with gly-
buride favored in the USA [48], while metformin is recom-
mended more widely in the UK and Australasia [49–51]. 
Some practitioners remain concerned by the possibility of 
adverse fetal effects of oral drugs. Glyburide was initially 
reported to be absent or at very low levels in cord blood, due 
to limited transplacental passage and active counter transport 
[52, 53]. However, a more recent report using a more sensi-
tive assay describes variable transplacental transport with 
cord blood levels higher than maternal plasma concentra-
tions in 37% of cases [54]. Metformin crosses the placenta 
readily [55–57] but has shown no adverse fetal or early 
childhood effects to date [58, 59].

As noted above, many of the adverse effects of GDM 
relate to excessive fetal growth, driven by nutrient excess and 
consequent fetal hyperinsulinism as outlined in the Pederson 
hypothesis [11] and its subsequent modification by Freinkel 
and Metzger [5]. These have also been presented in Fig. 29.1. 
Direct assessment of amniotic fluid insulin concentrations, 
pioneered by Weiss et al. [60] demonstrated that fetal hyper-
insulinemia was associated with increased risks of pregnancy 
complications. In turn, Schafer Graf et  al. [61] noted that 
fetal abdominal circumference (AC) on ultrasound could be 
used to noninvasively predict fetal hyperinsulinism and iden-
tify those babies most at risk of diabetic fetopathy.

Subsequently, an alternative approach to treatment of 
GDM, based on ultrasound assessment of fetal growth, in 
particular fetal AC, has been proposed and evaluated in four 
randomized studies [62–66]. According to this approach, 
summarized by Kjos et al. [64], glucose-lowering treatment 
may be intensified in those pregnancies where the fetus 
shows evidence of accelerated growth, generally determined 
by fetal AC > 75th centile for gestational age on ultrasono-
graphic assessment. These protocols suggest that “low-risk” 
pregnancies, as defined by normal (<75th centile) fetal AC, 
may require less stringent glycemic control and conversely 
that detection of an increased AC should lead to intensifica-
tion of glucose-lowering therapy.

A summary of the traditional (glucocentric) and alterna-
tive (USS-guided) pathways for GDM therapy is presented 
in Fig. 29.3.

Fetal surveillance and timing of delivery Despite a lack of 
high-level evidence of definite benefit, fetal ultrasound is fre-
quently used to assess fetal well-being and to estimate fetal 
weight to assist in determining the timing and mode of deliv-
ery. Most units have extrapolated their practices in this area 
from those developed for pregestational or preexisting 
diabetes.

The experience reported by the Diabetes Unit at the 
National Maternity Hospital Dublin in1983 and again in 

1992 is particularly instructive [67]. They noted that the only 
deaths in normally formed infants occurred when there was 
clinical (rather than ultrasonographic) evidence of fetal mac-
rosomia, polyhydramnios, or poor metabolic control. 
Consequently in their absence, this group of experienced cli-
nicians allowed the otherwise uncomplicated pregnancies to 
go to full term (40 completed weeks of gestation) [68]. This 
noninterventionist approach produced a caesarean section 
rate of 7%, and vaginal delivery was achieved in 90% of 
women!

The widespread practice of cardiotocographic fetal moni-
toring in GDM in the absence of other obstetric indications 
such as fetal growth restriction and the hypertensive disor-
ders is likewise poorly supported by evidence. The current 
protocols are largely empiric and driven by expert opinion. 
The report of Landon et al. [69], which considered women 
with Type 1 diabetes, noted that fetal surveillance most com-
monly led to intervention in women with associated vascular 
disease, such as hypertension or nephropathy.

Gabbe and colleagues recommended that in uncompli-
cated GDM pregnancies, CTG monitoring should be com-
menced after 40-week gestation while awaiting spontaneous 
onset of labor [70]. However, there is again a paucity of high- 
level evidence in this area to guide the clinician.

A 2001 Cochrane review [71] found that there was only 
one randomized controlled trial [72] comparing planned 
elective delivery at 38-week gestation vs. expectant manage-
ment (awaiting the onset of spontaneous labor up to 42-week 
gestation, with twice weekly CTG and amniotic fluid volume 
surveillance). This trial included a range of insulin treated 
women, rather than simply women with gestational diabetes. 
The review concluded that induction at 38  weeks did not 
result in an increase in caesarean section RR 0.81 (95% CI 
0.52–1.26). However, the risk of macrosomia (birthweight 
≥4000  g) was lessened in the elective delivery group RR 
0.56 (95% CI 0.32–0.98), and there were three cases of mild 
shoulder dystocia in the expectant group. The authors con-
cluded that there was insufficient evidence to make a conclu-
sive recommendation. Similar conclusions were reached by 
Witkop et al. in 2009 [73].

Mode of delivery The major concern regarding vaginal 
delivery in women with gestational diabetes is the potential 
risk of shoulder dystocia and in particular resultant brachial 
plexus palsy. Ultimately, the relative size of the fetal shoul-
ders and the maternal pelvis, the strength of the uterine con-
tractions and the mother’s expulsive efforts, and the fetal 
diameters determine the likelihood of successful vaginal 
delivery. None of these can be reliably measured and/or 
predicted.

Although increasing fetal weight is positively associated 
with an increasing risk of shoulder dystocia, many cases 
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occur in babies with birthweight less than 4000 g as those 
who are classified as being macrosomic (i.e., birthweight 
>4000 g). Furthermore 50% of cases of brachial plexus palsy 
occur in the absence of shoulder dystocia, suggesting that 
ante- and intrapartum factors also play an important etiologi-
cal role in its genesis [74].

Despite overall uncertainties, it is common practice to 
offer elective caesarean delivery if the estimated fetal weight 
is 4000 g or 4250 g or more [75].

Postpartum follow- up The diagnosis of GDM carries 
long-term health implications for both mother and baby. In 
particular, the risk of future diabetes for the mother is sub-

stantial, and the diagnosis of GDM offers an opportunity for 
diabetes prevention. While the fetal/neonatal effects for 
GDM are important, we consider them to be outside the 
scope of the current discussion.

Women with GDM should be encouraged to breast feed. 
In addition to benefits for their offspring [76], there is evi-
dence that this may reduce their own risk of progression to 
diabetes [77, 78].

In the immediate postnatal period, maternal glycemia 
returns to normal in most cases. However, women first 
detected as having “diabetes in pregnancy” clearly require 
close monitoring as they are likely to have ongoing hyper-

‘Glucocentric’ pathway: insulin and oral hypoglycemics

Diagnosis of GDM

Monitor BGLs fasting, post-prandial
Institute dietary therapy

Reassess after 1-2 weeks

All BGLs at target >2 BGLs above taget in
1 week but mild-mod
hyperglycemia only

BGLs not at taget with
severe hyperglycemia

BGLs still not at taget
despite maximun dose

Continue monitoring

But consider reducing
frequency or ceasing

after some time

Consider metformin or
glyburide (depending

local context)

Commence insulin (+/-
metformin) & titrate
until BGLs at target

Alternative USS-guided pathway (in addition to above)

Monitor fetal AC
on USS 4-weekly

AC ≥75th

percentile

AC <75th

percentile

Growth
restricted

Tighten BGL targets, eg
Fasting <80mg/dL

Postprandial <100 mg/dL
(<4.4 and <5.5mmol/L)

Pharmacotheraoy if needed
Use standard
BGL targets

Consider relaxing BGL targets
(depending on other factors)

Avoid pharmacotherapy unless
moderate-to-severe

hyperglycemia

Fig. 29.3 Treatment 
pathways for GDM – 
“glucocentric” pathway 
including treatment with 
insulin and oral hypoglycemic 
agents and alternative 
“USS-guided” pathway. For 
details see text
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glycemia. For many of these women, the clinical diagnosis 
of diabetes will be obvious, though in borderline cases repeat 
testing may improve diagnostic clarity.

For the majority of women with GDM, glucose status 
should be re assessed at 6–8  weeks postpartum, generally 
with a repeat 75 gram OGTT [79, 80]. Those women identi-
fied as having overt diabetes at this time clearly require 
immediate care. Those with milder persisting abnormalities 
in glucose metabolism (IGT and/or IFG) at this time require 
annual follow-up and may benefit from interventions 
designed to prevent progression to diabetes. Women with 
normal OGTT results at this stage should be tested every 
2 years while in the reproductive age range and ideally pre-
pregnancy for any further planned gestations [79, 80].

The absolute risk of a woman with GDM progressing to 
overt diabetes over time varies substantially between popula-
tions, with Kim et al. noting cumulative incidence rates of 
Type 2 DM varying from 2.6% to 70% in various studies 
[81], with fasting glucose at the time of the diagnostic OGTT 
a major determinant. More recently, a meta-analysis by 
Bellamy et al. [82] has shown a relative risk of around ten for 
progression to Type 2 diabetes following GDM (compared to 
non-GDM women) across a broad range of studies. Thus, 
identification of these women at the time of pregnancy offers 
a unique opportunity for future diabetes prevention [83].

 Summary and Conclusions

The importance of gestational diabetes in obstetric practice 
has evolved rapidly with the global increase in maternal obe-
sity and age at delivery. New diagnostic criteria have been 
developed, and potentially important underlying etiologies 
such as monogenic and autoimmune diabetes have been 
identified in particular populations.

While universal acceptance of the new diagnostic strate-
gies has yet to be achieved, widespread recognition of the 
value of a uniform approach to diagnosis and classification 
of hyperglycemia in pregnancy is evolving. Ongoing points 
of contention in treatment of GDM include the potential role 
of oral hypoglycemic agents and the use of “customized” 
glycemic treatment targets adjusted according to assess-
ments of fetal growth.

Many aspects of therapy of GDM remain steeped in tradi-
tion, but high-level evidence is slowly accumulating to guide 
future practice. Evidence in the area of optimal fetal surveil-
lance, timing, and mode of delivery remains sparse, with 
clinical decisions based more on local preferences and proto-
cols than on high-level evidence.

A diagnosis of GDM identifies a pregnant woman as 
being at risk of future diabetes and offers the opportunity for 
prevention of this potentially devastating disease. It may also 

serve to identify “at-risk” families and offer broader oppor-
tunities for prevention of obesity and Type 2 diabetes in her 
offspring.
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 Introduction

Diabetes is an important health problem not only in the USA 
but all over the world. It is responsible for numerous compli-
cations, such as blindness, amputation, and kidney disease. 
Various studies have demonstrated the importance of glyce-
mic control to avoid developing these chronic complications 
[1]. More recently, the concept of glycemic memory has 
been implicated to highlight the need for better glycemic 
control since the diagnosis [2].

In recent years, several new drugs have become available 
for the treatment of type 2 diabetes. Not only are these thera-
pies new, but they also act by new mechanisms, thus target-
ing several defects involved in the pathophysiology of 
diabetes. In addition to newer therapeutics, older drugs such 
as metformin are still available and used to achieve glycemic 
control. Furthermore, several additional drugs are in devel-
opment, some of which will likely be available in the future. 
In this chapter, we will discuss the mechanisms of action, 
doses, side effects, efficacy, indications, and contraindica-
tions of the available oral drugs for type 2 diabetes. Injection 
drugs and insulin will be discussed elsewhere in this book.

 Present and Future Therapies

Insulin resistance in the liver and muscle and β-cell failure 
in the pancreas are the traditional pathophysiologic defects 
of type 2 diabetes. Metformin, which acts primarily in the 
liver; thiazolidinediones, which primarily acts in the mus-
cle; and sulfonylureas, which increase β-cell secretion of 
insulin, are examples of drugs that are used to correct or 
minimize these defects. Incretin deficiency and resistance, 
which can be treated by DPP-4 inhibitors, are also observed 
in diabetes. DPP-4 inhibitors improve α-cell function and 

decrease hyperglucagonemia, which contributes to hyper-
glycemia. Fast-acting bromocriptine is available to treat 
insulin resistance in the brain [3]. α-Glucosidase inhibitors 
decrease the intestinal absorption of glucose [4], whereas 
reabsorption of glucose in the kidney can be inhibited by 
SGLT2 inhibitors [5].

 Metformin

Metformin is a biguanide drug. Because insulin resistance is 
considered the main defect in type 2 diabetes, metformin is 
considered a first-line drug in the management of hypergly-
cemia [6, 7]. If there is no contraindication to metformin, it 
is considered by several guidelines to be a first-line treat-
ment option immediately after diagnosis [6, 8]. History. 
Metformin was first synthesized in the 1920s but, due to the 
discovery and availability of insulin at the same time, it was 
not studied in clinical trials until the 1950s, when the first 
trial was published [8]. Together with phenformin, metfor-
min was introduced into clinical practice in 1957 [9]. 
Phenformin was later withdrawn from the market due to an 
association with lactic acidosis. Although there was an ini-
tial delay in the approval of metformin in the USA (1995), it 
is currently the most prescribed antidiabetic drug in the 
USA and around the world. Mechanism of action. Metformin 
acts by different mechanisms and can be used to both pre-
vent and to treat diabetes. Its main target is the liver, where 
it decreases basal hepatic glucose output, activates AMPK 
(AMP-activated protein kinase), and inhibits gluconeogen-
esis [8, 9]. Its action in the skeletal muscle is not as signifi-
cant. There are some observational data that suggest that 
metformin may protect against cancer [10]. 
Pharmacokinetics. Metformin is absorbed in the small 
intestine and reaches its maximal concentration (Cmax) 
1–2 hours after ingestion, with a half-life ranging between 
1.5 and 4.9 hours. Unlike sulfonylureas, metformin is not 
bounded to plasma proteins [9]. It is eliminated primarily 
(90%) by the kidney via glomerular filtration or tubular 
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secretion. Administration. Metformin should initially be 
administered in small doses (500  mg or 850  mg after the 
largest meal of the day) to minimize the occurrence of gas-
trointestinal adverse effects. Afterward, the dose should be 
increased, with increments of one tablet every week until 
the maximal dose of 2550 mg/day is achieved. The extended- 
release formulation is generally administered once per day 
during the evening meal and also requires titration. 
Metformin is also available in combination with glipizide, 
glyburide, pioglitazone, repaglinide, and sitagliptin. 
Efficacy. Metformin decreases HbA1c by 1.5% and fasting 
glycemia by approximately 20% [11]. The typical effective 
dose is 1500–2000 mg/day. Adverse effects. Nausea, vomit-
ing, flatulence, anorexia, and diarrhea are the most frequent 
adverse effects observed with metformin. These effects can 
be avoided if the dose is adequately titrated, as described 
above. Approximately 3% of patients experience a metallic 
taste; this effect usually resolves spontaneously. Lactic aci-
dosis can occur because metformin blocks gluconeogenesis, 
resulting in the accumulation of lactate. However, this com-
plication is very rare (1 case/100,000 person-years of expo-
sure), as long as the drug is not administered to those with 
contraindications. Lactic acidosis is an extremely serious 
condition with a mortality rate of up to 50%. Symptoms, 
such as nausea, vomiting, abdominal pain, anorexia, and 
hypotension, are nonspecific. Metformin reduces intestinal 
absorption of vitamin B12, and inadequate levels of this vita-
min have been shown to occur in less than 10% of patients 
[12]. This deficiency rarely causes megaloblastic anemia 
and usually reverses after discontinuation of metformin. 
Measurements of serum vitamin B12 every 2–3 years may be 
useful to prevent complications due to B12 deficiency. 
Contraindications. Any condition in which the risk of aci-
dosis is increased contraindicates the use of metformin. 
These conditions include congestive heart failure class 3 or 
4, renal disease (men with a serum creatinine ≥1.5 mg/dl or 
women ≥1.4 mg/dl), impaired hepatic function, acute myo-
cardial infarction, septicemia, cardiovascular collapse, and 
age > 80 years (unless creatinine clearance is adequate). If 
the patient requires any radiological studies with iodinated 
contrast, metformin should be discontinued temporarily 
48 hours before and after the procedure because the contrast 
agent can cause renal dysfunction. Metformin should also 
be discontinued for any major surgery. Advantages and dis-
advantages. Metformin does not cause weight gain and can 
cause weight loss. It acts directly on the main defect of type 
2 diabetes (insulin resistance) and also affects lipid metabo-
lism, decreasing triglycerides and LDL.  It can be used in 
combination with many other oral drugs, as well as with 
insulin. It is considered a nonexpensive drug. The only dis-
advantage is the possibility of adverse events, mainly gas-
trointestinal side effects.

 Sulfonylureas

Despite some disadvantages, sulfonylureas have been used 
to manage type 2 diabetes for more than 50  years and, 
together with metformin, are the most widely used class of 
drugs for the treatment of type 2 diabetes. There are six sul-
fonylureas currently available in the USA: first-generation 
chlorpropamide, tolbutamide, and tolazamide, and second- 
generation glyburide (glibenclamide), glipizide, and 
glimepiride. Mechanism of action. Sulfonylureas target the 
receptor SUR, which is found on the surface of β cells. This 
receptor is one of two subunits in the ATP-dependent potas-
sium channel (the other subunit is the channel itself). After 
binding to the SUR receptor, sulfonylureas cause the ATP- 
dependent potassium channel to close, resulting in an accu-
mulation of potassium inside the β cell and a subsequent 
influx of calcium, ultimately leading to depolarization of the 
cell. Higher concentrations of intracellular calcium stimulate 
the migration of insulin granules to the cell surface, where 
they fuse to the membrane and release insulin into the blood-
stream. Sulfonylureas do not seem to have a direct effect on 
the liver, peripheral tissues, or muscle. Instead, the effects on 
these tissues are realized via increased insulin secretion. 
Pharmacokinetics. After oral administration, sulfonylureas 
are almost completely absorbed and metabolized by the liver. 
First-generation sulfonylureas are extensively protein bound 
and excreted exclusively by the kidney. Second-generation 
sulfonylureas do not bind to circulating proteins and are 
excreted in different proportions in the urine and feces (glipi-
zide 80% urine and 20% feces; glyburide 50% urine and 
50% feces; glimepiride 60% urine and 40% feces). The onset 
and duration of action differ among the different drugs. All 
sulfonylurea agents except chlorpropamide have a short 
plasma half-life (4–10  hours). The half-life of chlorprop-
amide is longer than 24 hours. Administration. Usually, sul-
fonylureas are not prescribed first line. Instead, they are 
commonly used in combination with other drugs. The com-
bination with metformin can decrease the possibility of 
weight gain. Thiazolidinediones, α-glucosidase inhibitors, 
and insulin can also be given in combination with sulfonyl-
ureas. Due to the risk of hypoglycemia, patients should be 
started on a low dose of sulfonylurea, which should be 
increased gradually every 7 days depending on the level of 
glycemia. If the patient adheres to his/her diet and/or loses 
weight, it is likely that the dose can be decreased. 
Chlorpropamide is administered once daily due to its longer 
half-life, whereas tolbutamide is administered two to three 
times a day, due to its very short half-life. Second-generation 
drugs can usually be given once a day, but maximal doses 
must sometimes be given in two daily doses. Efficacy. 
Sulfonylureas can decrease HbA1c by 1–2%. Like other 
antidiabetic drugs, the poorer the glycemic control, the 
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greater the improvement. Glimepiride and glyburide have 
the highest affinity for the SUR receptor and are the most 
potent sulfonylureas. Tolbutamide seems to be the least 
potent. The best candidate to receive a prescription of a sul-
fonylurea is a patient who is insulin-deficient with sufficient 
residual β-cell secretion capacity. UKPDS and other studies 
have shown that the response to sulfonylureas diminishes 
over time, most likely because of the progressive decline in 
β-cell function. Monitoring glycemia and HbA1c are impor-
tant to change treatment as soon as needed to avoid clinical 
inertia and the deterioration of diabetes control. Weight gain, 
poor compliance, a sedentary lifestyle, intercurrent illness 
(surgery, infection, and trauma), and inadequate dosage can 
also interfere with the efficacy. Adverse effects. Hypoglycemia 
is the most serious adverse event of sulfonylureas, and doc-
tors and patients have to be aware of and watchful for this 
possibility [13]. Age, concomitant use of some drugs 
(β-blockers, coumarins, chloramphenicol, probenecid, inhib-
itors of MAO), impaired liver or kidney function, alcohol 
use, combined use with insulin, and prolonged exercise are 
risk factors for hypoglycemia. The risk of hypoglycemia is 
higher with glyburide than with glimepiride or gliclazide 
[14]. Weight gain can occur, as well as headache, asthenia, 
dizziness, and nausea. Hematological complications (hemo-
lytic anemia, agranulocytosis, and thrombocytopenia) are 
rare and less likely to occur with second-generation sulfonyl-
ureas. Chlorpropamide can lead to hyponatremia due to 
water retention. Tolbutamide and chlorpropamide can cause 
flush if the patient drinks alcohol. Because ATP-dependent 
potassium channels are also present in cardiac cells and cor-
onary vessels, sulfonylureas may decrease vasodilatation 
during myocardial infarction and cause more severe myocar-
dial damage [15]. Gliclazide is more selective for pancreatic 
receptors and seems to have less cardiac adverse effects [15, 
16]. Recently, the TOSCA IT trial showed similar long-term 
cardiovascular effects of sulfonylureas versus pioglitazone, 
given in addition to metformin, although a higher incidence 
of hypoglycemia with sulfonylureas [17]. Contraindications. 
Sulfonylureas cannot be used during pregnancy, and there 
are no studies establishing safety and effectiveness in pediat-
ric patients. Because sulfonylureas are metabolized in the 
liver, they should be avoided in patients with hepatic dys-
function. Kidney dysfunction is also a relative contraindica-
tion, mainly to first-generation drugs that are excreted in the 
urine. Advantages and disadvantages. Understanding the 
mechanism of sulfonylureas can also shed light on sulfonyl-
ureas as a secretagogue class. On the one hand, sulfonylureas 
increase insulin secretion and decrease glycemia. On the 
other hand, long-term use could increase the possibility of 
β-cell failure. Furthermore, the increase in insulin secretion 
is independent of the level of glycemia and raises the risk for 

hypoglycemia. Another disadvantage of this class is the pos-
sibility of weight gain.

 Thiazolidinediones (TZD)

Thiazolidinediones activate peroxisome proliferator- 
activated receptor gamma (PPAR-γ) and improve insulin 
resistance, primarily in muscle [18, 19]. PPAR-γ is a nuclear 
receptor that triggers various downstream effects. While the 
three drugs in this class have common effects, they also have 
unique effects [20]. Troglitazone (Rezulin), the first PPAR-γ 
agonist, is no longer available due to concerns with hepato-
toxicity. Rosiglitazone (Avandia) and pioglitazone (Actos) 
are currently on the market, but adverse cardiovascular out-
comes have been observed with rosiglitazone [21, 22]. 
Pioglitazone, on the other hand, has a better activity on lipid 
metabolism, and the PROACTIVE study [23] showed some 
cardiovascular benefits with this drug [18, 24, 25]. The IRIS 
(Insulin Resistance Intervention after Stroke) trial showed 
pioglitazone in nondiabetic patients with insulin resistance 
(HOMA-IR > 3.0), and previous stroke or transient ischemic 
attack decreased the chance of a new event by 24% [26]. 
Mechanism of action. Classically, TZDs are insulin sensitiz-
ers that primarily act on muscle insulin resistance, in contrast 
to metformin, which primarily acts on the liver. Activation of 
PPAR-γ by TZDs can stimulate expression of several genes, 
including those responsible for production of glucose trans-
porters (GLUT). These changes improve insulin activity. 
Decreases in TNF-α and hepatic glucokinase help to lower 
hyperglycemia. TZDs can also modulate lipid metabolism 
and adipocyte differentiation. Different affinities for PPAR-α 
and PPAR-δ can explain the different clinical effects of the 
TZDs [24]. Pharmacokinetics. The main structure 
(thiazolidine- 2-4-dione) of TZDs is common to all drugs in 
this class, and modifications in the side chain are responsible 
for differences in pharmacokinetics. TZDs are extensively 
bound to serum protein (>99%). Cytochrome P450 enzymes 
are important for the metabolism of rosiglitazone (CYP2C8 
and CYP2C9) and pioglitazone (CYP3A4). Administration. 
TZDs can be taken without regard to meals. They can be 
prescribed as monotherapy or in combination with metfor-
min, DPP-IV inhibitors, sulfonylureas, or insulin [27]. 
Rosiglitazone is available in 2, 4, and 8  mg tablets to be 
given once or twice a day. There are 15, 30, and 45 mg tablets 
of pioglitazone and should always be taken once daily. 
Although no studies have demonstrated alterations in liver 
function tests, as was observed with troglitazone, it is recom-
mended to measure liver function prior to initiating therapy 
and periodically thereafter. Dose adjustments are not needed 
in patients with kidney dysfunction, but if there is any active 
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liver disease or if serum ALT levels are >2.5 times the upper 
limit of normal, TZDs should not be prescribed. Efficacy. 
TZDs can decrease HbA1c by between 0.5 and 1.5%. This 
decrease is similar for both pioglitazone and rosiglitazone 
[25, 28]. Because pioglitazone has a higher affinity for 
PPAR-α, it has a better lipid profile and has been shown to 
lower triglyceridemia and increase HDL [24, 25]. Adverse 
effects. Weight gain (1–4  kg) can occur due to changes in 
adipocyte differentiation. Metabolically, this increase in 
weight is not a large problem, because it generally correlates 
with a decrease in visceral fat and an increase in subcutane-
ous fat and a reduction in the number of large adipocytes and 
an increase in the small adipocytes, which results in lower-
ing free fatty acids and reducing insulin resistance. The acti-
vation of PPAR-γ can increase adipocyte formation rather 
than osteoblasts, which can increase the risk of osteoporosis 
and fractures [21, 26]. Hypoglycemia is not a concern with 
TZDs but may be in patients taking a TZD with a sulfonyl-
urea or a TZD and insulin. Due to volume expansion, edema, 
anemia, and heart failure can occur [22, 26]. Edema gener-
ally occurs if TZDs are combined with insulin. There are 
some data suggesting that pioglitazone may increase the 
risk of bladder cancer [24], but this is still controversial, and 
a recent meta- analysis did not show this association [29]. 
Contraindications. TZDs can exacerbate heart failure and 
should be avoided in patients with NYHA class 3 or 4. 
Advantages and disadvantages. TZDs are good options for 
the treatment of type 2 diabetes. They are generally not used 
as monotherapy but can add benefits if prescribed in combi-
nation with others drugs. Anemia, heart failure, and osteo-
porosis, as well as controversy regarding cardiovascular 
risk, are some limitations of this class. Pioglitazone is a 
good choice for patients who need to improve their lipid 
profile (triglycerides and HDL) [30].

 DPP-4 Inhibitors

In the last few years, a better understanding of the effects of 
incretin has identified new targets for diabetes treatment 
[31]. Glucose-dependent insulinotropic polypeptide (GIP) 
and glucagon-like peptide 1 (GLP-1) are incretins produced 
by intestinal K and L cells. Their activity in islets cells 
depends on glycemia. During hyperglycemia, they can stim-
ulate β cell and inhibit α-cell function, thus increasing insu-
lin and decreasing glucagon, resulting in normal glycemia. 
During hypoglycemia, insulin secretion decreases and gluca-
gon increases to restore normoglycemia. The major problem 
to using GIP and GLP-1 in the treatment of diabetes is the 
fact that they are degraded by the DPP-4 enzyme and, conse-
quently, have very short half-lives. GLP-1 agonists/analogs 

with longer half-lives or DPP-4 inhibitors can be used as 
clinical tools [31]. Sitagliptin, linagliptin, and saxagliptin are 
DPP-4 inhibitors available in the USA. Vildagliptin is avail-
able in other countries around the world. Mechanism of 
action. Oral intake of glucose can induce a higher increase in 
insulin secretion than venous glucose administration. This is 
called the incretin effect and is mediated by intestinal hor-
mones, mainly GIP and GLP-1. Gliptins act by inhibiting the 
enzymatic breakdown of GIP and GLP-1, thereby prolong-
ing their effects in several tissues. Pharmacokinetics. 
Gliptins are quickly absorbed after oral administration. 
Sitagliptin is metabolized in the liver by CYP3A4, and 79% 
is excreted unchanged in the urine. Patients with kidney fail-
ure need dosage adjustments of saxagliptin, sitagliptin, and 
vildagliptin. There is no clinically relevant interaction with 
other drugs. Administration. Oral administration with or 
without food is recommended [saxagliptin (2.5 or 5.0 mg/
day), linagliptin (5 mg/day), alogliptin (25, 12.5, or 6.25 mg/
day), and sitagliptin (100, 50, or 25 mg/day)], except if given 
in combination with metformin, when the dose is divided 
and taken twice daily. Vildagliptin 50  mg is given twice 
daily. In patients with kidney failure, dosage adjustments 
must be made for saxagliptin (2.5 mg/day if GFR <50 mL/
min/1.73  m2), alogliptin (12.5  mg if GFR 30 to 60  mL/
min/1.73 m2 and 6.25 mg if <30 ml/min/1.73 m2), sitagliptin 
(50  mg if GFR 30 to 50  mL/min/1.73  m2 and 25  mg if 
<30 ml/min/1.73 m2), and vildagliptin. Efficacy. These drugs 
cause a modest decrease in HbA1c (0.4–0.9%) [32], and all 
the DPP-4 inhibitors appear to have similar efficacy [33]. 
The decrease in postprandial glycemia is more prominent 
than in fasting glycemia. For this reason, combination of 
DPP-4 inhibitors with metformin is a good option because 
metformin decreases nocturnal hepatic glucose output, 
whereas gliptin decreases postprandial increments. The 
unique mechanism of action, which does not promote hypo-
glycemia, weight gain or serious adverse effects [32], and the 
possibility (not yet proven in humans) of β-cell proliferation 
or protection make this class quite useful. Adverse effects. 
Patients taking gliptin usually do not complain about side 
effects [31]. DPP-4 is not specific for GLP-1, and, while the 
effects of DPP-4 inhibition on other DPP-4 substrates are 
unknown, they do not seem to be clinically relevant. Effects 
on immune function remain a concern; in clinical trials, 
nasopharyngitis, upper respiratory tract infection, and head-
aches occurred more often in patients treated with DPP-4 
inhibitors [34]. When administered as monotherapy, the inci-
dence of hypoglycemia with DPP-4 inhibitors was similar to 
that of placebo, but if administered in combination with a 
sulfonylurea, it is important to remember that sulfonylureas 
have a higher probability to cause hypoglycemia. If DPP-4 
inhibitors are combined with metformin or pioglitazone, 
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there is no additional risk of hypoglycemia. Cases of acute 
pancreatitis have been reported in patients on sitagliptin [35] 
as well as in patients treated with exenatide, but upon review-
ing these cases, the incidence is similar to that in the diabetic 
control group [36]. Safety. Saxagliptin (SAVOR-TIMI 53), 
linagliptin (EXAMINE), and sitagliptin (TECOS) have 
already published trials evaluating cardiovascular events 
[37–39]. None of these drugs increase or decrease the risk of 
major adverse cardiovascular events. Saxagliptin increase 
the rate of heart failure hospitalization [39]. Advantages and 
disadvantages. The major advantage of the DPP-4 inhibitors 
is achieving good glycemic control without hypoglycemia. 
Effects beyond glycemia are still being studied and need to 
be confirmed. Preservation of β-cell function is also a possi-
ble advantage. The small decrease in HbA1c and the high 
cost are disadvantages. DPP-4 inhibitors are commonly used 
in combination with metformin and most of the other types 
of antidiabetic drugs, but if there is intolerance or any 
 contraindication to metformin, pioglitazone, or sulfonyl-
ureas, the gliptins can be used as monotherapy.

 α-Glucosidase Inhibitors

Some studies have suggested that post-prandial glycemia 
(PPG) is a better predictor of cardiovascular risk than fasting 
glycemia [40]. In this context, the α-glucosidase inhibitors 
offer the possibility to decrease PPG while decreasing car-
diovascular risk. This class was first available to reduce PPG, 
but due to the adverse gastrointestinal effects and the avail-
ability of DPP-4 inhibitors, it is not commonly used. These 
drugs are a third-line choice for treating diabetes. There are 
two medications available: acarbose (Precose) and miglitol 
(Glyset). Mechanism of action. α-Glucosidase inhibitors 
reversibly bind to α-glucosidases (sucrase, maltase, glu-
coamylase, isomaltase) found in the brush border and delay 
the absorption of carbohydrates in the small intestine, 
decreasing the PPG peak [4]. These enzymes assist in the 
digestion of oligosaccharides and disaccharides into mono-
saccharides. Pharmacokinetics. Acarbose only acts in the 
small intestine and is not absorbed, while miglitol is almost 
entirely absorbed and could have some additional extraintes-
tinal effects, decreasing hepatic glycogenolysis (in vitro 
studies). Approximately 1–2% of active acarbose is absorbed, 
and, after metabolism in the liver, it is excreted by the kid-
neys. The bioavailability of miglitol ranges from 50% to 
100%, and absorption does not affect the hypoglycemic 
effectiveness. Miglitol is not metabolized and is excreted 
unchanged by the kidneys or, if not absorbed, in the feces. 
Administration. These drugs must be given with each meal, 
and, because of the gastrointestinal side effects, patients 

should gradually increase the dose to maximize effectiveness 
and decrease side effects. For example, patients can start 
with 25 mg tid and slowly increase the dose to 50–100 mg 
tid. Some patients will need to begin with a once-daily dose. 
Because the drugs only work in the presence of dietary car-
bohydrate, the doses should be given with the first bite of 
each meal. Acarbose is approved as monotherapy or in com-
bination with metformin, sulfonylureas, or insulin. Miglitol 
is approved as monotherapy or in combination with sulfonyl-
ureas. Efficacy. There is a modest decrease in HbA1c (0.5 a 
1.0%) with these drugs [4]. The improvement in PPG (40–
50 mg/dl) is better than the improvement in fasting glycemia 
(25–30 mg/dl). There is no head-to-head comparative study 
of the two α-glucosidase inhibitors, but the efficacies of acar-
bose and miglitol seem to be similar. Adverse effects. Side 
effects are mainly gastrointestinal and depend on the correct 
administration and titration of the dose. Because these drugs 
delay the absorption of carbohydrates, production of gas by 
the natural flora of the large intestine can lead to flatulence, 
abdominal distention, and diarrhea [41]. These side effects 
are usually transient but can occur in up to 60% of patients 
and are one limitation to the use of this class. During clinical 
trials, elevation in liver enzymes occurred in patients taking 
doses of 200–300 mg tid of acarbose, and the manufacturer 
recommends measuring liver function every 3 months during 
the first year [42]. The α-glucosidase inhibitors do not cause 
hypoglycemia but can do so if used in combination with sul-
fonylureas or insulin. If a patient taking combination therapy 
experiences an episode of hypoglycemia, he needs to use 
glucose tablets or a glucagon injection instead of food 
because complex carbohydrate absorption will be blocked. 
Neither acarbose nor miglitol caused weight loss. The ACE 
(Acarbose Cardiovascular Evaluation) trial studied patients 
with impaired glucose tolerance and coronary heart disease, 
comparing acarbose 50 mg three times a day or matched pla-
cebo. After almost 6 years, there was no significant cardio-
vascular difference between groups [43]. Contraindications. 
Because miglitol is eliminated by the kidney, it should not be 
used if creatinine clearance is lower than 25 ml/min/1.73 m2 
or if plasma creatinine is higher than 2.0 mg/dl. Both acar-
bose and miglitol are contraindicated in pregnancy and nurs-
ing as well as in diabetic ketoacidosis, inflammatory bowel 
disease, intestinal obstruction, colonic ulceration, and hyper-
sensitivity to acarbose or miglitol.

 Glinides

The only glinides currently available are nateglinide and 
repaglinide. Glinides are secretagogue agents such as sulfo-
nylureas, but they have a reduced risk of hypoglycemia due 
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to their short half-life and can be taken only when the patient 
eats. Mechanism of action. Like sulfonylureas, glinides bind 
to a membrane receptor found in β cells and close the ATP- 
dependent potassium channel, resulting in depolarization of 
the cell and opening of calcium channels [44]. The influx of 
calcium induces insulin secretion. Although their mecha-
nism is very similar to that of sulfonylureas, the onset is 
faster, and the duration is shorter (fast on, fast off). 
Pharmacokinetics. Inactive metabolites of repaglinide are 
excreted in the feces after metabolization via oxidative bio-
transformation. Nateglinide is metabolized in the liver by 
CYP3A4 (30%) and CYP2C9 (70%), and approximately 
16% is excreted unchanged by the kidneys. Administration. 
Repaglinide is available in tablets of 0.5, 1, and 2 mg, and 
nateglinide is available in 60 and 120  mg tablets. 
Administration with food does not affect the bioavailability 
of repaglinide but decreases that of nateglinide. Repaglinide 
can be taken at the start of each meal or 15–30  minutes 
before, while nateglinide is better taken 1–30 minutes before 
each meal [45]. If a meal is skipped or added, a dose of repa-
glinide must be skipped or added. Efficacy. Glinides act 
mainly on postprandial glycemia, and reduction of HbA1c is 
between 0.7 and 1.5% [46]. Glinides can be used with other 
antidiabetic drugs, except for sulfonylureas. Because the 
efficacy and action are similar to that of sulfonylureas, if a 
patient is already on sulfonylureas, there is no advantage to 
change to glinides. Adverse effects. Like sulfonylureas, 
hypoglycemia can occur but is less frequent. Weight gain can 
occur because glinides increase insulin secretion. Other 
adverse effects such as headache, arthralgia, nausea, upper 
respiratory infections, and constipation are rare. 
Contraindications. Glinides cannot be used during preg-
nancy or by nursing mothers. There are no studies in chil-
dren, and the use of glinides in this population is not 
recommended. Advantages and disadvantages. Because of 
the lower incidence of hypoglycemia, older patients can 
experience some benefits with the glinides. The efficacy and 
action are similar to sulfonylureas, but because there is no 
sulfa moiety, patients with allergies to sulfa can use these 
drugs. The administration immediately before each meal is 
also an advantage for patients who do not eat at regular times 
throughout the day. Higher cost and lower HbA1c reduction 
than sulfonylureas are some disadvantages. No dose adjust-
ment is necessary for patients with moderate renal failure. 
Nateglinide can also be used without adjustment in patients 
with moderate hepatic failure, but the dose of repaglinide 
may need to be reduced.

 Bromocriptine

Bromocriptine mesylate quick release was approved by FDA 
in May 2009 and is the only antidiabetic drug that acts not in 
the pancreas, liver, or muscle but in the hypothalamus. 
Mechanism of action. Bromocriptine is an ergot derivate 
sympatholytic D2-dopamine agonist that acts centrally to 
modulate glucose and energy pathways, resulting in an 
increase in hypothalamic dopamine and inhibition of sympa-
thetic and serotonergic activities. As a result, hepatic glucose 
output, insulin resistance, free fat acids, triglyceridemia, and 
glycemia are reduced. Pharmacokinetics. After oral adminis-
tration, 65–95% of an administered dose is absorbed, but 
only 7% reaches the systemic circulation after first-pass 
hepatic metabolism. Bromocriptine is metabolized by 
CYP3A4 and excreted primarily in the bile, with only 2–6% 
excreted in the urine. Administration. The quick-release bro-
mocriptine is administered once daily, 2 hours after waking, 
in the morning, with food to reduce the possibility of nausea. 
Patients start with one tablet (0.8 mg) and increase the dose 
by one tablet/week as needed, until the maximal dose of six 
tablets (4.8 mg) is reached. Efficacy. Bromocriptine reduces 
HbA1c by 0.4–0.8% and can be used alone or in combina-
tion with any other antidiabetic drug [47]. Adverse effects. 
Nausea is the most common adverse effect (32%) and can be 
reduced with dose titration. Asthenia, constipation, dizzi-
ness, and rhinitis can occur [47]. Contraindications. There 
are no studies in patients with renal or hepatic failure. 
Bromocriptine quick release is different from the 2.5–5.0 mg 
bromocriptine that is used for pituitary adenomas. Psychosis, 
type 1 diabetes and syncopal attacks are contraindications. 
Advantages and disadvantages. The mechanism of action is 
different from all other drugs used to type 2 diabetes. 
Therefore, bromocriptine can be an option for patients 
already on other drugs who are not able to achieve glycemic 
control. Bromocriptine can also reduce weight, and a study 
has shown that it may also reduce cardiovascular events [3]. 
Adverse effects, mainly nausea, can limit its use.

 Gliflozins

The gliflozins, also known as SGLT2 (sodium-glucose 
cotransporter-2) inhibitors, are a new class antihyperglyce-
mic agents. There are three drugs currently approved by the 
FDA to treat type 2 diabetes: empagliflozin (approved in 
August 2014), canagliflozin (approved in March 2013), and 
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dapagliflozin (approved in January 2014). Mechanism of 
action. The SGLT2 proteins are located in renal tubules and 
are responsible for reabsorbing glucose and sodium back 
into the blood. The gliflozins inhibit those proteins, increas-
ing the excretion of glucose and sodium. As a result, they 
lower glucose levels and blood pressure and cause weight 
loss, because of the calories lost as glucose. The mechanism 
of action does not depend on beta-cell function and insulin 
secretion, and the risk of hypoglycemia is very low. 
Pharmacokinetics. Gliflozins are quickly absorbed after 
oral administration, and peak plasma concentration occurs 
within 1–2  hours post-dose. Patients with kidney failure 
cannot use this class of drugs because it will not be effec-
tive, due to its renal mechanism of action. Coadministration 
of these drugs with diuretics can increase urine volume and 
enhance the potential for volume depletion, and coadminis-
tration with insulin or sulfonylureas can increase the risk of 
hypoglycemia, which can be minimized by lowering the 
dose of the insulin/sulfonylureas. Glycemic control with 
1,5- anhydroglucitol assay is not recommended because 
SGLT2 inhibitors can interfere with the results. 
Administration. Oral administration with or without food is 
recommended: dapagliflozin (5 or 10  mg/day), empa-
gliflozin (10 or 25  mg/day), and canagliflozin (100 or 
300  mg/day). In patients with kidney failure, no dosage 
adjustments are necessary, but the drug will not be effective, 
due to its renal action. Canagliflozin should not be initiated 
if glomerular filtration rate (GFR) < 45 ml/min/1.73 m2, and 
its dose should be limited to 100 mg/day if GFR between 45 
and 60 ml/min/1.73 m2. Dapagliflozin should not be used if 
GFR < 60 ml/min/1.73 m2 and empagliflozin if GFR < 45 ml/
min/1.73 m2. Efficacy. These drugs cause a modest decrease 
in HbA1c (0.7–1.0%) after 24 weeks of usage. Safety and 
effectiveness in pediatric patients have not been evaluated. 
In patients with high cardiovascular risk, empagliflozin had 
a lower rate of death for cardiovascular causes (38% risk 
relative reduction), hospitalization for heart failure (35% 
risk relative reduction), and death from any cause (32% risk 
relative reduction) [48]. Cardiovascular effects with cana-
gliflozin have also been studied: the risk of major adverse 
cardiovascular events (MACE) decreased by 13% compared 
to placebo [49]. Adverse effects. Some of the adverse effects 
are common to all of the drugs in this class, such as symp-
tomatic hypotension, increase in creatinine and decrease in 
GFR, hypoglycemia if associated with insulin or secreta-
gogues, genital mycotic and urinary tract infections, and 
LDL increase. The symptomatic hypotension occurs due to 

the intravascular volume contraction. It can occur particu-
larly in patients with impaired renal function, elderly, and 
patients using loop diuretics, so these symptoms must be 
monitored especially in these groups. They also can 
increase serum creatinine and decrease GFR, so the renal 
function should be evaluated before initiating the therapy 
and monitored periodically, especially in patients with 
moderate renal impairment and in the elderly. The FDA has 
warned of the risk of acute renal failure with canagliflozin 
and dapagliflozin. Patients with decreased blood volume, 
chronic kidney insufficiency, congestive heart failure, or 
taking other medications such as diuretics, angiotensin-
converting enzyme inhibitors, angiotensin receptor block-
ers, and nonsteroidal anti-inflammatory drugs are more 
predisposed [50]. Patients with previous history of genital 
mycotic infections are more likely to develop this condition 
when using the gliflozins. Urinary tract infections are less 
frequent. Inhibitors of SGLT2 can increase glucagon and 
cause euglycemic diabetic ketoacidosis (DKA), especially 
in patients with insulin- deficient diabetes [51]. So if a 
patient has clinical symptoms of DKA, it should be sus-
pected and treated appropriately, and the gliflozin must be 
suspended until the resolution of this condition. 
Canagliflozin use doubles leg and foot amputations [49], 
but this was not observed with empagliflozin [52]. 
Contraindications. The gliflozins should not be prescribed 
if there is severe renal impairment and end-stage renal dis-
ease or patients are on dialysis. This class is pregnancy cat-
egory C. Advantages and disadvantages. These drugs have 
a completely new mechanism of action that consists in 
increasing renal elimination of glucose and sodium. 
Therefore, it can also decrease blood pressure control and 
body weight, with a low risk of hypoglycemia. Empagliflozin 
and canagliflozin decrease the risk of cardiovascular events 
in patients with elevated risk.

 Conclusion

Some years ago we did not have so many drugs to treat dia-
betic patients. Currently, we have several options (Table 30.1). 
A thorough understanding of the mechanism of action of 
each drug, as well their advantages, contraindications, and 
side effects, is essential to choosing the best drug or combi-
nation of drugs to achieve good glycemic control with mini-
mal side effects, thus preventing acute and chronic 
complications of type 2 diabetes.

30 Oral Therapies for Type 2 Diabetes



332

References

 1. Intensive blood-glucose control with sulphonylureas or insulin 
compared with conventional treatment and risk of complications 
in patients with type 2 diabetes (UKPDS 33). UK Prospective 
Diabetes Study (UKPDS) Group. Lancet. 1998;352:837–53.

 2. Effects of intensive glucose lowering in type 2 diabetes. N Engl J 
Med. 2008;358:2545–59.

 3. Gaziano JM, Cincotta AH, O’Connor CM, Ezrokhi M, Rutty D, Ma 
ZJ, Scranton RE. Randomized clinical trial of quick-release bro-
mocriptine among patients with type 2 diabetes on overall safety 
and cardiovascular outcomes. Diabetes Care. 2010;33:1503–8.

 4. Holman RR, Cull CA, Turner RC. A randomized double-blind trial 
of acarbose in type 2 diabetes shows improved glycemic control 
over 3 years (U.K. Prospective Diabetes Study 44). Diabetes Care. 
1999;22:960–4.

 5. Bolinder J, Ljunggren O, Kullberg J, Johansson L, Wilding J, 
Langkilde AM, Sugg J, Parikh S. Effects of dapagliflozin on body 
weight, total fat mass, and regional adipose tissue distribution in 
patients with type 2 diabetes mellitus with inadequate glycemic 
control on metformin. J Clin Endocrinol Metab. 2012;97:1020–31.

 6. Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, 
Sherwin R, Zinman B.  Medical management of hyperglycemia 
in type 2 diabetes: a consensus algorithm for the initiation and 
adjustment of therapy: a consensus statement of the American 

Table 30.1 Oral drugs to treat type 2 diabetes

Drug Daily dose
Reduction 
in HbA1c Side effects Contraindications

Metformin
(500 mg, 850 mg, 1000 mg. 
Extended-release: 
500 mg/750 mg, 1000 mg)

Initial small dose and 
titrate. Max 2550 mg/
day

1–2% Nauseas, vomiting, flatulence, 
anorexia, abdominal pain, diarrhea

Congestive heart failure (class 3 or 
4), serum creatinine ≥1.5 mg/dl 
(man) ≥ 1.4 mg/dl (woman), 
impaired hepatic function, acute 
myocardial infarction, septicemia

Chlorpropamide
(Diabinese)
100 mg, 250 mg

Initial: 250 mg. Max: 
750 mg

1–2% Hypoglycemia, weight gain, 
photosensitivity

Type 1 diabetes; pregnancy and 
nursing

Glimepiride
(Amaryl) 1 mg, 2 mg, 4 mg

Initial: 1–2 mg.Max: 
8 mg

Glyburide (Diabeta) 1.25 mg, 
2.5 mg, 5 mg

Initial: 2.5–5 mg. 
Max: 20 mg

Glipizide
5 mg, 10 mg. Extended- 
release 2.5 mg, 5 mg, 10 mg

Initial: 5 mg
Max: 20 mg

Pioglitazone (Actos) 15 mg, 
30 mg, 45 mg

Initial: 15–30 mg. 
Max: 45 mg

0,5–1,5% Weight gain, osteoporosis/fracture, 
bladder cancer (pioglitazone), 
cardiovascular event (rosiglitazone)

Heart failure NYHA classes 3 and 4

Rosiglitazone (Avandia) 
2 mg, 4 mg, 8 mg

Initial: 2 mg bid or 
4 mg qd. Max: 8 mg

Sitagliptin (25 mg, 50 mg, 
100 mg); saxagliptin (2.5 mg, 
5 mg), linagliptin (5 mg), 
alogliptin (25 mg, 12.5 mg, 
6.25 mg).

According to renal 
function (except 
linagliptin)

0.4–0.9% Increase heart failure 
hospitalization (saxagliptin)

–

Acarbose (Precose) 25 mg, 
50 mg, 100 mg

Initial: 25 mg tid. 
Max: >60 kg–100 mg 
tid; <60 kg–50 mg tid

0.4–1.0% Flatulence, abdominal distention, 
diarrhea. If in combination with 
other drug and patient develop 
mild hypoglycemia, use dextrose, 
not sucrose (cane sugar) to treat

Renal failure (clearance Cr < 25 ml/
min or creatinine >2 mg/dl. 
Ketoacidosis, bowel disease, colonic 
ulcerationMiglitol (Glyset) 25 mg, 

50 mg, 100 mg
Initial: 25 mg tid. 
Max: 100 mg tid

Nateglinide (Starlix) 60 mg, 
120 mg

Initial/Max: 120 mg 
tid

0.7–1.5% Hypoglycemia, headache, 
arthralgia, nausea, upper 
respiratory infections, constipation

Children, pregnancy, nursing, type 1 
diabetes, ketoacidosis

Repaglinide (Prandin) 0.5 mg, 
1 mg, 2 mg

Initial (depends on 
HbA1c): 0.5–1 mg 
tid. Max: 16 mg/day

Bromocriptine (Cycloset) 
0.8 mg

Initial: 0.8 mg 2 h 
after waking in the 
morning. Max: 
4.8 mg

0.4–0.8% Nausea, fatigue, constipation, 
dizziness, rhinitis, headache

Renal and hepatic failure, psychosis, 
type 1 diabetes, syncopal attacks, 
migraine headache

Dapagliflozin (Farxiga); 
canagliflozin (Invokana); 
empagliflozin (Jardiance)

Dapagliflozin 5 mg, 
10 mg
Canagliflozin 
100 mg, 300 mg
Empagliflozin 10 mg, 
25 mg

0.7–1.0% Genital and urinary tract infections, 
hypotension, increase of LDL, 
euglycemic diabetic ketoacidosis

Severe renal impairment
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 The Incretin Effect

The observation that the insulin secretion response was 
approximately two to three times greater with an oral glu-
cose intake in comparison with the same amount adminis-
tered intravenously gave rise to the term “incretin effect” [1].

Incretin hormones are “derived” from the intestine and 
belong to the glucagon superfamily. Two hormones are 
related to the incretinic effect: glucose-dependent insulino-
tropic polypeptide (GIP) and GLP-1. The GIP is produced 
by K cells in the distal ileum and colon, while GLP-1 is 
secreted in L cells in the distal jejunum, ileum, and colon. 
Both are released in response to food intake and two- to 
threefold increases in plasma levels, with peak values 
dependent on the amount and type of food [2]. The GLP1 
plasma levels increase a few minutes after the ingestion of 
food, suggesting that neural and endocrine mechanisms 
stimulate GLP-1 secretion even before L-cell stimulation by 
nutrients [3]. The incretins are rapidly degraded by the 
DPP-IV enzyme found on the surface of epithelial and 
endothelial cells, as well as in plasma [4]. The half-life of 
GLP-1 is less than 2 minutes, while that of the GIP is around 
5–7 minutes [2]. The action of incretin occurs through its 
binding to specific receptors distributed systemically (pan-
creatic cells, gastrointestinal tract, central nervous system, 
heart, lungs, and kidneys) [2–5].

 Biological Effects of GLP-1

 Pancreatic Effects

GLP1 binds to specific receptors on pancreatic beta (β) cells 
and stimulates insulin-glucose production in a glucose- 
dependent manner [6]. It also regulates the production of 
other β-cell substances such as glucokinase and type 2 glu-
cose transporter (GLUT-2) that enhance cell sensitivity to β 
glucose [7].

It has also been demonstrated that GLP-1 stimulates the 
differentiation of precursor cells into mature β cells, pro-
motes their proliferation, and increases their resistance to 
apoptosis [8, 9]. However, it is important to remember that 
these effects were demonstrated by short-term studies. More 
data are needed to confirm whether chronic therapy with 
GLP-1 promotes sustained improvement in the quantity and 
function of the pancreatic β cells [10].

GLP-1 acts on alpha (α) cells by inhibiting pancreatic 
glucagon secretion, also in a glucose-dependent manner 
[10]. More importantly, the counter-regulatory mechanisms 
are not affected, as a result of which glucagon release in the 
presence of hypoglycemia is preserved [11].

 Extra-Pancreatic Effects

Due to the broad distribution of GLP-1 receptors on various 
tissues, their activation is associated with a variety of extra- 
pancreatic effects, some of which are essential for glycemic 
control [10].

In animal models, GLP-1 inhibits hepatic glucose produc-
tion and increases the production of glycogen [12]. There is 
an improvement in hepatic insulin sensitivity and reversal of 
hepatic steatosis. In humans, there is an enhancement of the 
markers of hepatic damage [13, 14].

GLP-1 and GLP1 agonists exert their inhibitory actions 
on acid secretion and delay postprandial gastric emptying in 
a dose-dependent manner. The mechanisms involved in 
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gastrointestinal effects are complex and have yet to be fully 
clarified. The decrease in the rate of gastric emptying is asso-
ciated with lower levels of postprandial glucose and insulin, 
thus having an important impact on the normalization of gly-
cemia [15].

The GLP-1 molecules are small, so they can cross the 
blood-brain barrier and activate specific brain receptors, par-
ticularly at the hypothalamic nucleus. Their actions in the 
central nervous system (CNS) include increased satiety and 
appetite suppression, resulting in weight loss [2]. 
Complementary mechanisms are suggested, such as vagal 
inhibition, induced gastric distension, and an increased feel-
ing of fullness, contributing to the inhibition of hunger and 
weight loss [2, 5].

The cardiovascular effects of GLP-1 are probably cardio- 
protective, with actions such as a significant reduction of the 
cardiac infarct area, an improvement in glucose uptake by 
the myocardium, and an improved left ventricular function 
[16]. GLP-1 also results in an improvement in endothelial 
dysfunction and attenuation of atherosclerotic plaque pro-
gression [17]. The effects on blood pressure are still uncer-
tain, with some studies reporting small decreases in systolic 
and diastolic pressures and others showing no benefits [10].

In relation to lipid metabolism, GLP-1 and GLP1 RA may 
have minor benefits, with a small reduction in LDL choles-
terol and triglycerides and a moderate increase in HDL, 
probably related to weight loss [10].

 The Incretin Effect on Type 2 Diabetes

Unlike what was observed in healthy individuals, in diabetic 
patients, there are no significant differences in C-peptide 
concentration (indirect measure of insulin production) 
between oral and intravenous glucose administrations [1]. 
This finding led to the conclusion that the incretin effect was 
absent or markedly reduced in type 2 diabetes and that this 
mechanism might be involved in the disease’s pathophysiol-
ogy and progression.

There have been many studies of GIP secretion in diabetic 
patients, and although no changes in its plasma concentra-
tion have been found, there is a clear reduction in the capac-
ity to stimulate insulin secretion in DM2 [18]. There is a lot 
of controversy regarding changes to the GLP-1  in diabetic 
patients. Most studies indicate no reduction in the levels of 
GLP-1  in this population, but some subgroups, especially 
those with long-standing diabetes, may have changes in the 
postprandial secretion of this polypeptide [18].

 Exenatide

In the 1990s, certain molecules that could cause hypoglyce-
mia were described in the saliva of venomous lizards of the 

helodermatideum family. Those molecules were called 
“exendins.” Exendin-3 was present in the saliva of Heloderma 
horridum (lizard) and exandin-4 in that of Heloderma sus-
pectum (Gila monster). The molecules were nearly identical 
in their chemical structure, differing only in two amino acids. 
From the standpoint of biological activity, both acted on pan-
creatic acini, leading to cAMP production, but, unlike exen-
din- 3, exendin-4 did not stimulate amylase or VIP release 
[19]. The therapeutic potential of these drugs has now begun 
to be considered. Exenatide is a synthetic version of exendin-
 4 [20, 21]. It is a peptide containing 39 amino acids and 
shares 53% homology with native GLP1. It was the first drug 
of a new class of anti-hyperglycemic drugs known as GLP1 
RA which, together with the DPP-IV inhibitors, are known 
as “incretinomimetics” [22]. Exenatide has the same affinity 
for the GLP1 receptor as the native GLP1, but is much more 
resistant to degradation by the DPP-IV enzyme, and its pres-
ence can be detected in circulation 10 h after administration, 
while GLP1 is inactivated after 2 min [21–23]. This mecha-
nism of exenatide allows it to be used twice daily.

It is marketed under the name Byetta [20], with 5 and 10 
mcg doses. It was recently marketed as an extended-release 
preparation, under the brand name Bydureon, 2 mg with the 
same pharmacological properties. This is administered at 
weekly intervals [24].

The biological actions of exenatide are [21–23]:

 1. Stimulating the production of insulin—Exenatide stimu-
lates insulin secretion in a glucose-dependent manner 
recovering both first-phase (rapid initial 10–15 min) and 
second-phase insulin secretion. However, as previously 
mentioned, its insulinotropic effect is suppressed when 
blood glucose approaches 72 mg/dL, so the risk of hypo-
glycemia is very low, a property that clearly differentiates 
this class of drug from other hypoglycemic drugs.

 2. Suppression of glucagon secretion—Glucagon secretion 
is inappropriately elevated in type 2 diabetes and is 
deleted in a glucose-dependent manner by exenatide. In 
other words, when the patient has hyperglycemia, gluca-
gon secretion is suppressed, while in the presence of 
hypoglycemia, it is stimulated, enhancing the counter- 
regulatory response.

 3. Delayed gastric emptying.
 4. Reduction in food intake.
 5. Reduction in body weight
 6. Beta-cell proliferation—In animal models, exenatide 

stimulated beta-cell proliferation and neogenesis.
 7. Possible cardiovascular benefits (see extra-pancreatic 

effects of the GLP1 agonist)—Exenatide is administered 
subcutaneously 30–60 min before meals, with an interval 
of 6 h between doses. Following subcutaneous adminis-
tration, the median concentration of exenatide was 
211 pg/mL, and the area under the curve was 1036 pg.h/
mL. Its half-life was 2.5 h, and the drug was detectable 
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in the circulation 10 h after dosing. There was no differ-
ence in drug bioavailability whether injected in the arms, 
abdomen, or thighs. Likewise age, gender, weight, and 
ethnicity apparently did not significantly alter the kinet-
ics of the drug. Elimination occurred predominantly by 
glomerular filtration followed by subsequent proteolytic 
degradation.

The slow-release exenatide (Bydureon) consists of micro-
spheres of exenatide associated with a biodegradable poly-
mer—“poly” (lactide-co-glycolide). The miscrospheres 
undergo a process of erosion, allowing a slow and continu-
ous release of the drug. Its administration is weekly, and the 
dose is 2 mg [23, 24].

 Side Effects

Gastrointestinal effects—nausea, vomiting, and diarrhea—
usually mild, were the most common side effects observed in 
clinical trials with exenatide, especially in the first month of 
treatment. Starting with low doses and gradually increasing 
the dose minimizes the frequency and intensity of symptoms 
[21, 23].

The risk of hypoglycemia was low when exenatide was 
used in isolation or associated with insulin sensitizers such 
as metformin or glitazones [25, 26]. Its use concomitantly 
with sulfonylureas increased the risk of hypoglycemia. When 
this association is the therapeutic option, the dose of sulfo-
nylurea should always be decreased [27, 28].

An increase in reported cases of pancreatitis, in both its 
edematous and hemorrhagic forms, was associated with 
exenatide [29], but large recent databases did not confirm 
this association. It is well established that obesity and type 
2 diabetes are risk factors for pancreatitis. Moreover, in this 
group of patients, the presence of comorbidities such as 
hypertriglyceridemia and gallstones, other classic risk fac-
tors for pancreatitis, is quite common. That is, this popula-
tion is already at high risk for the condition. There is, 
however, a possible mechanism by which obesity and dia-
betes increase the risk of pancreatitis, namely, the replica-
tion of pancreatic microduct stimulation, which triggers the 
formation of partially obstructed and distorted ducts, with 
flow obstruction, leading to inflammation and pancreatitis 
[30]. Since 2008, the FDA has been warning that patients 
on exenatide who experience abdominal pain, nausea, or 
vomiting should always be investigated for this condition 
[20, 22, 23].

In mice, an increased incidence of medullary thyroid car-
cinoma, hitherto not understood in humans, was described. 
This finding could be explained by an increase in the GLP1 
receptors of C cells in mice, which is about 10–12 times 
higher than that found in humans, which leads to the possi-
bility of this effect being specific to mice [20, 21, 29].

Between 2005 and 2008, 78 cases of kidney failure asso-
ciated with exenatide were reported, which generated an 
alert about the use of the drug in high-risk populations and 
pre-existing renal disease, especially for patients with CrCl 
between 30 and 60 ml/min/m2. The drug is contraindicated in 
patients with CrCl below 30 ml/min/m2 [21, 23].

Approximately 45% of patients who used exenatide 
developed antibodies against the molecule. The clinical sig-
nificance of this finding is not yet fully understood. The 
occurrence of headache has also been more frequent with the 
use of exenatide [21, 23, 24]. To date, there is no evidence 
that exenatide increases cardiovascular risk [31]. In fact, it 
seems that the drug has cardio-protective effects: some ani-
mal studies have shown an improvement in cardiac output, 
an increase in left ventricle ejection fraction, a decreased 
mean arterial pressure, increases in nitric oxide production 
with better myocardial perfusion, and a diminished ischemic 
area. There are ongoing clinical studies designed to test this 
hypothesis. A meta-analysis published in The American 
Journal of Cardiology assessing the cardiovascular risk asso-
ciated with the use of DPP-IV inhibitors, another class of 
drugs that also acts primarily in the “incretin system,” sug-
gested cardiovascular protection [32].

 Exenatide Twice Daily and Extended Release

In a head-to-head comparison between exenatide 10 mcg 
twice daily and extended-release exenatide, 2  mg once a 
week, with 295 patients with type 2 diabetes, lasting 
30 weeks, there were more patients with adequate control 
defined as HbA1c <7% in the extended-release arm than in 
the conventional arm (two daily applications), with no dif-
ferences in relation to the risk of hypoglycemia or weight 
loss [33].

Exenatide caused greater reductions in HbA1c than 
glimepiride, sitagliptin, and glitazone when used in combi-
nation with metformin. Again, additional benefits were evi-
denced, such as weight loss and a low risk of hypoglycemia. 
Furthermore, side effects, especially gastrointestinal ones, 
were more frequent with exenatide, and there were more 
dropouts in the group of patients who used the drug. 
Nevertheless, despite the greater number of dropouts, there 
were no observed differences regarding the occurrence of 
serious adverse effects [25–28, 34] (Tables 31.1 and 31.2).

Compared with insulin glargine and premixed insulin, 
exenatide was no less effective in achieving good glycemic 
control, with the best results in terms of hypoglycemia risk 
and weight loss. Once again, the patients using exenatide 
showed more side effects, especially nausea and vomiting 
[35–37].

A small trial evaluated the possibility of replacing glargine 
insulin with exenatide in type 2 diabetes patients. 61% of 
patients who switched drugs were able to maintain good 
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glycemic control. A shorter duration of type 2 diabetes and 
the use of low doses of insulin were significantly associated 
with a greater chance of success [38].

 Liraglutide

Liraglutide was the second GLP-1 RA approved for use in 
type 2 diabetes. The native hormone has been modified to 
develop a compound with pharmacokinetic properties suit-
able for once-daily administration.

It is available for subcutaneous use in a single daily 
dose. It exhibits a 97% structural similarity to endogenous 
GLP-1 and has a half-life of approximately 13 h. This phar-
macokinetic profile is due to the combination of prolonged 
absorption at the site of injection, a rate of albumin binding 
greater than 98%, and a high resistance to degradation by 
DPP-IV [39].

The trials for the approval of liraglutide comprised the 
LEAD (Liraglutide Effect and Action in Diabetes) program, 

which included 6 large randomized controlled trials, with a 
total of over 4000 patients, conducted in over 600 centers in 
40 countries [40–45]. The objectives of the LEAD studies 
were to evaluate the efficacy and safety of liraglutide and 
compare it with other treatments available for type 2 diabe-
tes. The summary of the studies is found in Table 31.3.

In relation to glycemic control, a significant and sustained 
HbA1c reduction of around 1.1–1.5% was obtained in all 
studies. Liraglutide also showed a lower risk of hypoglyce-
mia. All the LEAD studies showed a significant reduction in 
body weight of approximately 1.0–3.2  kg. A reduction in 
systolic blood pressure of about 2.1–6.7  mmHg was also 
observed. The possibility of an improvement in metabolic 
control associated with decreased body weight is of para-
mount importance in the current scenario of a growing global 
prevalence of obesity and the forecast significant increase in 
the number of diabetics.

Liraglutide is, in general, well tolerated. The most com-
mon adverse events were related to the gastrointestinal tract, 
including nausea, vomiting, and diarrhea, occurring in 

Table 31.1 Exenatide plus another T2DM drug: results of main trials

Drug Rationale Study design Follow-up Main results Side effects
Metformin 
[25]

Metformin plus placebo × 
metformin plus exenatide

Cohort. N = 150 82 weeks Lower Hba1c and weight 
reduction with exenatide

More nausea and vomiting with 
exenatide

Sulfonylurea 
[27]

Sulfonylurea plus placebo 
× sulfonylurea plus 
exenatide

Randomized, 
double-blind. 
N = 337

30 weeks Lower Hba1c and weight 
reduction with exenatide

More nausea, vomiting, 
diarrhea, and dose-dependent 
hypoglycemia with exenatide

Glitazones 
[34]

Exenatide plus glitazones 
× exenatide or glitazones 
plus metformin

Randomized, 
open. N = 137

20 weeks Lower HbA1c and improved 
insulin sensitivity with 
exenatide plus glitazone

More nausea and vomiting with 
exenatide

Glargine 
insulin [36]

Exenatide × glargine 
insulin plus metformin or 
pioglitazone

Randomized, 
double-blind. 
N = 262

24 weeks Weight loss and no 
hypoglycemia with exenatide: 
no HbA1c differences

More nausea, vomiting, diarrhea 
with exenatide

Table 31.2 Head-to-head trials: exenatide × other drugs for T2DM

Drug Rationale Study design Follow-up Main results Side effects
Sulfonylurea 
[28]

Exenatide × sulfonylurea 
plus metformin

Randomized, 
single-blind. 
N = 1029

236 weeks Lower Hab1c, weight loss, and less 
hypoglycemia with exenatide

More nausea, 
vomiting, diarrhea, and 
dropouts with 
exenatide

Pioglitazone 
[26]

Exenatide plus metformin × 
pioglitazone plus metformin

Randomized, 
double-blind. 
N = 491

26 weeks Lower Hba1c and weight loss with 
exenatide

More nausea and 
diarrhea with exenatide

Sitagliptin [26] Exenatide plus metformin × 
sitagliptin plus metformin

Randomized, 
double-blind. 
N = 491

26 weeks Lower Hba1c and weight loss with 
exenatide

More nausea and 
diarrhea with exenatide

Insulin, 
glargine [35]

Exenatide plus metformin × 
glargine insulin plus 
metformin

Randomized, 
single-blind. 
N = 69

52 weeks No differences in HbA1c between 
drugs. Weight loss and improved 
insulin secretion with exenatide

More nausea, 
vomiting, diarrhea with 
exenatide

Insulin, 
glargine [38]

Switching glargine insulin 
plus metformin for 
exenatide plus metformin

Randomized, open. 
N = 49

16 weeks 61% patients could maintain a good 
glycemic control after switching from 
glargine insulin to exenatide

More nausea and 
vomiting with 
exenatide

Premixed 
insulin [37]

Exenatide plus metformin × 
premixed insulin plus 
metformin

Randomized, open. 
N = 501

52 weeks No differences in HbA1c between 
drugs. Weight loss and less 
hypoglycemia with exenatide

More nausea, 
vomiting, diarrhea, and 
dropouts with 
exenatide
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10–40% of patients participating in the studies cited above. 
Most cases were mild and transient, occurring early in treat-
ment and rarely resulting in discontinuation of the 
medication.

The effect on thyroid C cell in humans is unclear, since 
there are fewer C thyroid cells than in mice and the expres-
sion of GLP-1 receptors on those cells is very low [46]. A 
study was carried out to compare the levels of plasma calci-
tonin in humans using liraglutide versus a control group, and 
after 2 years of follow-up, there were no consistent differ-
ences between the two groups, supporting the hypothesis 
that this drug does not increase the risk of follicular thyroid 
carcinoma in humans [47]. Until more definite data become 
available, the US Food and Drug Administration (FDA) does 
not recommend its use in patients with a past or family his-
tory of medullary carcinoma of the thyroid or multiple endo-
crine neoplasia (MEN) type 2A or 2B.

Among the LEAD studies, there were 7 cases of pancre-
atitis reported in 4257 patients using liraglutide, while in the 
comparator group, there were 2 cases. The small number of 
events hinders a proper conclusion involving causality. As 
previously mentioned, it is well established that diabetic 
patients show an increased risk of pancreatitis, a risk that can 
be three times higher than in the nondiabetic population, 
complicating data interpretation. The current recommenda-
tion of the FDA is to monitor the occurrence of abdominal 
pain and to immediately suspend the use of liraglutide use if 
pancreatitis is suspected.

In the LEAD studies, liraglutide was associated with a 
lower rate of major cardiovascular events compared with 
other therapies which served as comparators. It is possible 
that the beneficial effects of liraglutide on glycemic control, 
weight loss, and reduction in systolic blood pressure contrib-

uted to this result, but long-term studies are still being con-
ducted to establish whether there are any real cardiovascular 
benefits.

Liraglutide is used initially at a dose of 0.6 mg, with pro-
gression to 1.2 mg. This gradual progression helps to mini-
mize the side effects. To achieve a better glycemic control, it 
can be used at a dose of 1.8 mg. There is no need for dose 
adjustment according to age, gender, or ethnicity. It should 
be used with caution in patients with liver and kidney failure, 
although its pharmacokinetics do not change significantly in 
the presence of advanced renal failure.

In the SCALE program, studies with liraglutide 3.0 mg, 
along with diet and physical activity, induced significant 
weight loss vs placebo, regardless of BMI, diabetic or 
pre- diabetic. In addition, there was an improvement in 
glycemic parameters, blood pressure, lipid profile, cardio-
vascular risk markers, and quality of life (including men-
tal health). The liraglutide dose of 3.0  mg was well 
tolerated. The most common adverse events were nausea, 
diarrhea, and constipation, usually mild-moderate and 
transient. However, even the events of pancreatitis and 
gallbladder disorders were low. There was a higher fre-
quency in this dosage [48].

 Dulaglutide

Dulaglutide is a long-acting GLP-1 for its resistance to deg-
radation by DPP-IV, and due to the increased size, it has its 
reabsorption in the gastrointestinal tract and renal excretion 
delayed. Because of these characteristics, it has a prolonged 
half-life of about 5 days, making weekly administration pos-
sible [49–51].

Table 31.3 Summary of LEAD trials

Trial
Liraglutide- 
associated drug Comparison Study design

Main end 
point/
follow-up Summary

LEAD 
1 [42]

Glimepiride Liraglutide versus rosiglitazone 
or placebo plus glimepiride

Double-blind, 
randomized. 
N = 1041

HbA1c—
26 weeks

Lower HbA1c with liraglutide (1.2 or 
1.8 mg) than placebo or rosiglitazone 
when added to glimepiride

LEAD 
2 [40]

Metformin Liraglutide plus metformin 
versus metformin plus 
glimepiride

Randomized, 
controlled, open. 
N = 1091

HbA1c—
26 weeks

Lower HbA1c with liraglutide than 
glimepiride when added to metformin

LEAD 
3 [43]

Placebo Glimepiride 8 mg versus 
liraglutide 1.2 or 1.8 mg plus 
placebo

Double-blind, 
randomized. 
N = 746

HbA1c—
52 weeks

Lower HbA1c and with liraglutide than 
glimepiride. More side effects with 
liraglutide

LEAD 
4 [45]

Metformin plus 
rosiglitazone

Liraglutide 1.2/1.8 mg versus 
placebo metformin, plus 
rosiglitazone and metformin

Double-blind, 
randomized. 
N = 533

HbA1c—
26 weeks

Lower HbA1c, increase in C peptide, 
and dose-dependent weight loss with 
liraglutide than placebo

LEAD 
5 [44]

Metformin plus 
glimepiride

Liraglutide versus placebo 
versus glargine insulin plus 
metformin and glimepiride

Randomized, open, 
multicenter. N = 581

HbA1c—
26 weeks

Lower HbA1c, more weight loss, and 
less hypoglycemia with liraglutide. 
More side effects with liraglutide

LEAD 
6 [41]

Metformin, 
glimepiride, or 
both drugs

Liraglutide versus exenatide 
plus metformin, glimepiride, or 
both drugs

Randomized, open, 
multicenter. N = 464

HbA1c—
26 weeks

Liraglutide reduced mean HbA1c 
significantly more than exenatide
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According to the AWARDS studies (Table 31.4), dulaglu-
tide showed a significant reduction of glycemic levels, with 
HBA1c falling from 0.71% to 1.5%. A modest reduction of 
SBP was also seen, but with a slight increase in heart rate 
without hemodynamic repercussions. There was a loss of 
1.3–3 kg with use of this drug. Beta-cell function and insulin 
sensitivity have increased in these studies.

Total and LDL cholesterol levels decreased without alter-
ations in HDL. Adverse events were the same in the other 
GLP-1 with gastrointestinal symptoms being the most com-
monly reported such as nausea, vomiting, and diarrhea being 
the most mild to moderate and transitory. It can be given in 
doses of 0.75 and 1.5 mg weekly subcutaneous.

 Semaglutide

Semaglutide is a GLP-1 analog with a prolonged half-life of 
approximately 1  week, allowing its administration at the 
dose of 1 mg weekly subcutaneously. The SUSTAIN study 
evaluated cardiovascular outcomes in type 2 diabetic sub-
jects in long-term use of semaglutide (Table 31.5). The result 
of this study presented a reduction in the risk for primary 
outcome of death from cardiovascular causes (non-fatal AMI 
and non-fatal stroke) without significant difference in the 
rate of cardiovascular deaths. The systolic blood pressure 
presented a reduction ranging from 1.3 to 2.6 mmHg. The 
mean level of HBA1c reduction was 1.1% to 1.4%. There 

Table 31.4 Summary of AWARD trials

Trial Dulaglutide-associated drug Comparison Study design Main end point/follow-up Summary
AWARD-1 Metformin

Pioglitazone
Dulaglutide versus
exenatide or
placebo

Randomized,
multicenter.
N = 976

HbA1c—52
weeks

Lower HbA1c with
Dulaglutide (0.75 or 1.5
mg) than exenatide or
placebo

AWARD-3 Placebo Dulaglutide versus
metformin

Randomized,
double-blind.
N = 807

HbA1c—52 weeks Lower HbA1c, more
weight loss with
liraglutide than
metformin

AWARD-5 Metformin Dulaglutide and
metformin versus
sitagliptin and
metformin

Multicenter,
randomized.
N = 657

HbA1c—104 weeks Lower HbA1c, more
weight loss with
liraglutide 1.5 mg

Table 31.5 Summary of SUSTAIN trials [58–65]

Trial
Semaglutide- 
associated drug Comparison Study design

Main end point/
follow-up Summary

SUSTAIN 
1

Placebo Semaglutide versus 
placebo

Randomized,
double-blind
N = 388

HBA1c—30 weeks Semaglutide significantly improved HbA1c 
and body weight in patients with type 2 
diabetes compared with placebo

SUSTAIN 
2

Sitagliptin Semaglutide versus 
sitagliptin

Randomized,
double-blind
N = 1231

HBA1c—56 weeks The weekly semaglutide was superior to 
sitagliptin in improving glycemic control and 
reducing body weight in participants with type 
2 diabetes

SUSTAIN 
3

Exenatide ER Semaglutide versus 
exenatide ER

Randomized,
double-blind
N = 813

HbA1c—56 weeks Semaglutide 1.0 mg was superior to exenatide 
ER 2.0 mg in improving glycemic control and 
reducing body weight

SUSTAIN 
4

Insulin glargine Semaglutide versus 
insulin glargine

Randomized,
double-blind
N = 1809

HbA1c—30 weeks Compared to insulin glargine, semaglutide 
resulted in greater reductions in HbA1c and in 
weight, with fewer hypoglycemic episodes

SUSTAIN 
5

Basal insulin and 
placebo

Semaglutide versus 
basal insulin + 
placebo

Randomized,
double-blind
N = 601

HbA1c—56 weeks Semaglutide was well tolerated. Significantly 
reduced HbA1c and body weight versus basal 
insulin and placebo

SUSTAIN 
6

Placebo Semaglutide versus 
placebo

Randomized,
double-blind
N = 3297

Cardiovascular 
risk—104 weeks

Reduction of cardiovascular outcomes with 
non-fatal AMI and stroke. There was no 
difference between groups in cardiovascular 
mortality

SUSTAIN 
7

Dulaglutide Semaglutide versus 
dulaglutide

Randomized,
open-label, 
active-controlled, 
parallel group
N = 1201

Cardiovascular risk, 
HbA1c—40 weeks

At low and high doses, semaglutide was 
superior to dulaglutide in improving glycemic 
control and reducing body weight
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was a loss of body weight around 3.6 to 4.9 kg. Patients pre-
sented a lower risk of new or worsening nephropathy, accord-
ing to differences in macroalbuminuria. However, there was 
a higher risk of complications of diabetic retinopathy than 
those receiving placebo [52].

 The Role of GLP1 RA in the Modern 
Treatment of T2DM

At the 2012 ADA/EASD position statement, the indications 
for incretin-based therapies were greatly expanded in com-
parison with the previous document. In patients poorly con-
trolled despite a proper diet, physical activity, and 
monotherapy with metformin, if the main objectives are to 
achieve good glycemic control with a low risk of hypoglyce-
mia and leading to weight loss, GLP1 RA should be the first 
choice, although the costs and potential side effects should 
always be taken into consideration [53].

 GLP-1 RA in the Treatment of Obesity

The World Health Organization estimates that the worldwide 
prevalence of overweight is 1.5 million adults, while 500 
million are believed to be obese. It is known that the risk of 
developing T2DM is directly proportional to excessive body 
weight, increasing approximately 3-fold in overweight 
patients and 20-fold in obese ones when compared to indi-
viduals with a normal body mass index (BMI) [54]. Obesity, 
particularly when associated with increased visceral adipose 
tissue, is an independent risk factor for coronary heart dis-
ease, contributing to a substantial increase in cardiovascular 
morbidity and mortality. Considering that there is a global 
trend toward an increased prevalence of obesity and T2DM 
and that the therapies most widely available for T2DM 
induce weight gain (insulins, thiazolidinediones, sulfonyl-
ureas), the prospect of drugs that act in glycemic control, 
leading to a better metabolic profile, is quite encouraging.

Studies with GLP-1 in diabetic patients showed metabolic 
benefits, including weight loss, with a negligible risk of 
hypoglycemia when used as monotherapy, due to glucose- 
dependent insulin release. The proposed mechanisms to 
induce weight loss involve delayed emptying gastric, leading 
to early satiety and appetite suppression at the level of the 
CNS. Such features have raised the possibility of using these 
agents for treating obesity in nondiabetic patients, driven by 
the limited therapeutic arsenal currently used for this 
purpose.

A meta-analysis of 21 studies involving GLP-1 analogs in 
obese or overweight diabetic and nondiabetic patients was 
performed, and it was found that there was a weight loss in 

all studies [55]. The mean weight reduction obtained with 
the highest dose of GLP-1 RA ranged from −0.2 to −7.2 kg. 
Patients without diabetes had a greater weight loss than dia-
betics (mean, −3.2 kg versus 2.8 kg). There were no differ-
ences in change in body weight between exenatide and 
liraglutide or between short-acting exenatide and slow- 
release exenatide. The results suggest that treatments with 
GLP-1 agonists are an effective intervention for overweight 
or obese patients, irrespective of the presence of T2DM.

The study on long-term safety, tolerability, and sustained 
weight loss with liraglutide in nondiabetics was reported 
after 2  years of follow-up [56]. The patients studied were 
obese (BMI 30–40), nondiabetic, aged 18–65, and enrolled 
in a program of diet and exercise associated with liraglutide 
(2.4/3.0 mg), placebo, or orlistat. Weight loss with liraglutide 
was 7.8 kg, which is better than placebo and orlistat, and sus-
tained over 2 years. Over 70% of patients taking liraglutide 
maintained a weight loss greater than 5% relative to baseline, 
which was associated with an improvement in cardiovascular 
risk factors and metabolic changes. There were an improve-
ment in systolic blood pressure, a decreased prevalence of 
diabetes (over 50%), and an improvement in body composi-
tion, with loss of adipose tissue and decreased waist circum-
ference. Tolerability was good, and adverse events were 
mostly mild or moderate, in particular nausea and vomiting, 
which were much more common than with placebo, as 
described in other studies. There was no decrease in adher-
ence due to the fact that it is an injectable medication. The 
results of this study are very important in corroborating the 
safety and efficacy of liraglutide.

 Lixisenatide

Lixisenatide is a GLP-1 receptor agonist derived from exena-
tide which is available in Europe for clinical use [57]. It has 
a more pronounced effect on PPG, mainly after the first meal 
of the day, and is labeling for once-daily 20 micrograms sub-
cutaneous injections. The effects on decreasing HbA1c and 
body weight however are less than with liraglutide adminis-
tration. Lixisenatide is undergoing clinical development as a 
combination product with insulin glargine. This treatment 
combination has been shown to substantially improve 
HbA1c, without significant weight gain, in the GetGoal-L, 
the GetGoal-L-Asia, and the GetGoal-Duo 1 studies. At 
present, unless lixisenatide is priced lower than the already 
available GLP-1RA alternatives, it appears that the main 
place in therapy for lixisenatide is in the combination with 
insulin glargine. There is also an ongoing multicenter study 
for the evaluation of cardiovascular outcomes in patients 
with type 2 diabetes after acute coronary syndrome during 
treatment with lixisenatide.
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Insulin Therapy

Balduino Tschiedel and Marcia Puñales

 Insulin Therapy in Type 1 Diabetes and Type 
2 Diabetes Inpatient

The benefits achieved in the long term, with a more rigorous 
metabolic control in preventing and reducing chronic com-
plications of diabetes mellitus (DM), were strongly estab-
lished in both type 1 (T1D) and type 2 (T2D) diabetes. Large 
prospective studies, such as the Diabetes Control and 
Complications Trial (DCCT) and the United Kingdom 
Prospective Diabetes Study (UKPDS), about the influence of 
metabolic control on the incidence of microvascular and 
macrovascular chronic complications of diabetes published 
in the 1990s, established that a reduction of 1% of the gly-
cated hemoglobin (HbA1c) levels influences significantly 
the protection of microangiopathy and neuropathy [1, 2].

 Insulin Therapy in Type 1 Diabetes

The aim of the treatment of type 1 diabetes (T1D), both at 
onset and years after the diagnosis, is the maintenance of 
near-normoglycemia to prevent the onset and/or delay the 
progression of long-term complications [1, 3, 4]. The data 
from the Diabetes Control and Complications Trial (DCCT) 
suggested that the residual b-cell function is associated with 
improved outcomes, with better glycemic control and lower 
risk for hypoglycemia and less long-term chronic complica-
tions [5].

The beneficial and protective effects achieved with inten-
sified insulin control in the prospective DCCT study were 
clear and remained in the Epidemiology of Diabetes 
Interventions and Complications (EDIC) study, despite the 
augment of HbA1c levels, over the follow-up period. 

However, there is still a gap between evidence and clinical 
medical practice, since the majority of diabetes patients do 
not achieve the optimal goal. In 2009, DCCT/EDIC study 
demonstrated that 81–87% of patients with diabetes had gly-
cated hemoglobin HbA1c levels >7.0% [6], and these results 
were also showed in UK study where 74% of patients have 
HbA1c >7.5% [7]. This fact emphasizes that glycemic con-
trol is still not satisfactory, in part due to less than optimal 
insulin therapy.

The recommended therapy for T1D consists of intensive 
insulin treatment, using multiple daily insulin injections 
(three to four injections per day of basal and prandial insulin) 
or continuous subcutaneous insulin infusion (CSII) therapy, 
matching of prandial insulin to carbohydrate intake, blood 
glucose tests, and physical activity. The goal of the T1D 
treatment is to keep blood glucose levels throughout the day 
near normal limits, avoiding hypoglycemia and glucose vari-
ability [8–11].

The American Diabetes Association (ADA) recommends, 
in adults and non-pregnant woman, glycemic targets of fast-
ing and preprandial capillary blood glucose between 80 and 
130 mg/dL and 1–2 h postprandial <180 mg/dL and HbA1c 
<7.0%, or <6.5% in a selected population, avoiding hypogly-
cemia [11]. In children and adolescents, it is recommended 
to achieve blood glucose between 90 and 130 mg/dL before 
meals and 90 and 150 mg/dL at bedtime and overnight and 
HbA1c <7.5%. A lower level of HbA1c (<7.0%) can be 
achieved without hypoglycemia [12]. The International 
Society for Pediatric and Adolescent Diabetes (ISPAD) rec-
ommends for children and adolescents to maintain as opti-
mal fasting or preprandial blood glucose levels between 70 
and 145 mg/dL, postprandial between 90 and 180 mg/dL, at 
bedtime between 120 and 180 mg/dL, and overnight between 
80 and 162  mg/dL [13, 14], although the treatment goals 
should be individualized, taking into account the patient’s 
age and the risk of hypoglycemia, especially nocturnal and 
unawareness. Recently, ISPAD published a guideline for 
managing diabetes in preschool children, and it is recom-
mended to maintain before meals blood glucose between 90 
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and 130  mg/dL and at bedtime/overnight between 90 and 
150 mg/dL and HbA1c <7.5% [15].

Less rigorous HbA1c target (<8%) may be indicated in 
elderly patients and those with a history of severe hypoglyce-
mia, advanced microvascular or macrovascular diabetes 
complications, extensive comorbid pathologies, or long dia-
betes duration [11, 16]. Pregnant women should maintain 
lower blood glucose levels, between 60 and 90 mg/dL if fast-
ing and preprandial and <120 mg/dL postprandial, and nor-
mal HbA1c [11, 17].

Different therapeutic schedules have been used over the 
years in the management of patients with T1D [18–20]. Due 
to the pharmacokinetic profile of the intermediate-acting 
neutral protamine Hagedorn (isophane insulin; NPH), the 
conventional treatment with NPH once or twice a day does 
not mimic the physiology pattern of the endogenous basal 
insulin secretion and may cause hypoglycemia during its 
peak of action and hyperglycemia 10–14  h after its 
administration.

The physiologic insulin replacement attempts to mimic 
normal insulin secretion. Generally, physiologic regimens 
replace basal and prandial insulin (often referred to as 
“bolus”) separately. The basal insulin is responsible for 
avoiding lipolysis and hepatic glucose release in the inter- 
digestive period; a prandial insulin and additional doses of 
insulin are responsible to correct the preprandial hyperglyce-
mia or those that occur during the inter-food period. The 
prandial insulin mimics the response of endogenous insulin 
secretion to food intake. This physiological response induces 
a rapid and intense insulin secretion (first phase) followed by 
a more prolonged secretion into the portal circulation (sec-
ond stage).

The total daily insulin dose for patients with newly onset 
of T1D or recent diagnosis of ketoacidosis recommended 
varies from 0.5 to 1.0 U/kg/day. However, sometimes higher 
doses of insulin are required to recover metabolic balance 
[21–25]. The total daily insulin dose depends on age, body 
weight, pubertal stage, duration and stage of diabetes, local 
insulin administration, carbohydrate intake, self-monitoring 
and HbA1c levels, daily routine, and presence of acute com-
plications, as infections or sick days [26]. At the partial 
remission phase, the daily total insulin dose is generally 
<0.5 U/kg/day, and subsequently, after this phase, the daily 
requirement of insulin increases from 0.7 to 1.0 U/kg/day in 
prepubertal children and can reach 1.0–2.0 U/kg/day during 
puberty [26] or at stress situation (physical or emotional) 
from 1.2 to 1.5  U/kg/day. These data are summarized in 
Table 32.1.

Usually, in the first 6 months of the T1D diagnosis, denom-
inated “honeymoon period,” characterized by the normaliza-
tion of blood glucose levels, it is recommended to maintain 
small amounts of insulin during this period, since it lasts from 
several weeks to months [21–25]. There is evidence that in 

young T1D adults, the initial phase of the disease is progres-
sive and characterized by a slow decline of beta-cell function 
compared to children and adolescents [27]. Interesting data 
were also obtained from the DCCT study, suggesting that the 
persistence of residual beta-cell function is associated with 
better outcomes, such as improved glycemic control, lower 
risk of hypoglycemia, and less long- term chronic complica-
tions [1, 5, 28, 29], indicating intensive treatment (basal-
bolus) since the beginning of the diagnosis.

The intensive insulin treatment is achieved by using mul-
tiple daily insulin injections (MDI): three to four injections 
per day of basal and prandial insulin or continuous subcuta-
neous insulin infusion (CSII) therapy (insulin pump) [21–
25]. The metabolic control (HbA1c) obtained with CSII is 
slightly better than multiple daily injections; however, both 
are appropriate and effective [30–32], primarily if associated 
with continuous glucose monitoring system [33–35].

MDI treatment can be obtained using NPH insulin (two to 
four times a day: before breakfast and bedtime, or before 
breakfast, lunch, and bedtime, or before breakfast, lunch, 
dinner, and bedtime) or insulin glargine (once daily: before 
breakfast or lunch or dinner or bedtime) or insulin detemir 
(once or twice a day: before breakfast and/or dinner and/or 
bedtime) or insulin degludec (once daily: before breakfast or 
lunch or dinner or bedtime) or glargine U300 (>18  years, 
once daily: before breakfast or lunch or dinner or bedtime) 
associated with fast-acting insulin (regular) administered 
half an hour before meals or fast-acting insulin analogues 
(lispro, aspart, or glulisine) administered before meals or 
even after meals [21–25, 36, 37]. The effectiveness of these 
analogues after meals is at least comparable with the admin-
istration of regular insulin before meal [38–40], making it 
possible to administer in young children just after the carbo-
hydrate ingestion. When regular insulin is administered 
5 min before meals, it is less effective than 10–40 min before 
because of its profile action.

As regards long-acting insulin analogues, glargine was 
approved for use in children with at least 2 years of age, and 
detemir and degludec were approved for use in children with 
≥1 year of age [41–46]. The only long-acting insulin ana-
logue that is not yet approved for children and adolescents 
<18 years of age is glargine U-300.

The comparison of multiple daily NPH insulin with 
glargine in patients 5–16 years showed that patients treated 

Table 32.1 Insulin doses at different ages and periods

Dose (U/kg/day)
Honeymoon period <0.5
At diagnosis or after ketoacidosis 0.5–1.0
Prepubertal 0.7–1.0
Pubertal 1.0–2.0
Sick days 1.2–1.5
Basal insulin 30–50%
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with insulin glargine had a lower fasting glucose, with simi-
lar HbA1c levels. Perhaps, the most important benefit of 
using long-acting insulin analogues is the reduction of the 
hypoglycemic events, mainly nocturnal hypoglycemia. 
Moreover, it has been reported that the use of these ana-
logues reduces the occurrence of severe hypoglycemia (sei-
zures, loss of consciousness, or need of assistance of another 
person to give carbohydrate). The use of long-acting ana-
logues is associated with lower frequency of hypoglycemia, 
so they are recommended in younger children, who are under 
neurodevelopment growth, and the harmful effects of the 
recurrence of severe hypoglycemia may cause permanent 
damages to the central nervous system [44, 47–49].

Classically, the intensive treatment is obtained by the 
administration of NPH insulin twice a day, using around 
70% in the morning and 30% at bedtime, associated with 
three daily applications of fast-acting human insulin or fast- 
acting analogues. Another form of treatment is to administer 
NPH insulin three times per day, about 50% by morning 
(70% NPH and 30% fast-acting), approximately 25% at 
lunch (60% NPH and 40% fast-acting), and the remaining 
25% at bedtime [50–53]. It is also possible to administer 
NPH insulin four times per day, about 30% of the dose by 
morning (70% NPH and 30% fast-acting), approximately 
30% at lunch (60% NPH and 40% fast-acting), 20% at din-
ner (90% NPH and 10% fast-acting), and the remaining 20% 
at bedtime (NPH at bedtime only) or approximately 0.2 U/
kg. Nevertheless, it is important to remember that insulin 
pump treatment has contributed to understanding basal-bolus 
regimen, and today it is recommended that the percentage of 
basal and bolus insulin should be similar, being recom-
mended that the basal insulin dose should be 30–50% of the 
total dose prescribed.

Intensive treatment can also be achieved by replacing the 
NPH insulin to glargine (once daily), detemir (once or twice 
daily) insulin, degludec (once daily), or glargine U-300 
(>18 years, once daily). The replacement of NPH insulin to 
glargine, glargine U-300, or degludec is performed by reduc-
ing the basal dose of insulin by 20% and was subsequently 
adjusted depending on the results of fasting blood glucose 
[44]. The replacement of NPH to insulin detemir requires no 
decrease in insulin dose previously used, but may require 
two applications per day [43, 44].

The administration of long-acting insulin analogues 
before breakfast, dinner, or bedtime had been compared, and 
data showed lower episodes of nocturnal hypoglycemia 
when the administration was before breakfast, despite the 
association to a slight increase of fasting glucose.

Hypoglycemia is the most common adverse effect of 
intensive insulin therapy and is defined by a glucose value 
<70 mg/dL. In the Diabetes Control and Complications Trial, 
intensive therapy increased the risk of severe hypoglycemia. 
The events were reported by 26% of patients with a mean of 

1.9 episodes per patient per year, and 43% of episodes 
occurred nocturnally.

The insulin adjustment is held from fasting plasma glu-
cose and self-monitoring blood glucose, preprandial and 
postprandial [21–24]. All patients with T1D should perform 
the self-monitoring of blood glucose tests, and the American 
Diabetes Association suggests three or more tests per day 
[54]. The dose of NPH insulin at bedtime is adjusted accord-
ing to the blood glucose tests at fasting and the other doses 
by the preprandial results, adjusted every 3 or 4 days. The 
adjustments of insulin long-acting analogues are done by the 
fasting blood glucose levels and at least every 5–7 days. The 
fast-acting human insulin and analogue doses are adjusted by 
the results of the blood glucose tests 2 h post-meals, consid-
ering the sensibility factor and the carbohydrate intake.

Intensive treatment can also be obtained with biphasic 
insulin, but its use in T1D presents some drawbacks due to 
lack of flexibility of better adjustments, leading to greater 
risk of hypoglycemia. However, the use of biphasic insulin 
may be useful in patients with visual or motor restrictions or 
those denying multiple daily injections [55].

There are different strategies for the management of insulin 
and blood glucose control during physical activity [56, 57].

The reduction of the basal insulin or the fast-acting insu-
lin pre-exercise, extra carbohydrate ingestion, and the reduc-
tion of basal insulin after exercise are strategies that can be 
implemented and have advantages and disadvantages. 
Reducing the NPH or long-acting analogue doses in 20–60% 
and reducing fast-acting insulin by 30–50% pre-exercise 
may be necessary, depending on the intensity of the exercise, 
and this reduction can reach even up to 90% [56].

There are many barriers in order to achieve adequate 
glycemic control in T1D, including the occurrence and fear 
of hypoglycemic events, complexity of the day-to-day 
management, and, particularly, the need for self-monitor-
ing and frequent insulin adjustments. These challenges 
cause a large impact on the quality of life of patients and 
considerable costs to health [58]. It is expected that in some 
years we will be able to prevent these conditions with 
advances in new techniques and therapeutic agents. 
However, at the present, the most important issue is to help 
patients with T1D deal with their disease properly, reduc-
ing the occurrence of acute and chronic complications and 
improving their quality of life.

 Insulin Therapy in Type 2 Diabetes

Randomized controlled clinical trials that compared intensive 
to conventional treatment in T2D, such as the United Kingdom 
Prospective Diabetes Study (UKPDS) and the Kumamoto 
Study, established glycemic targets of diabetes treatment 
associated with better long-term outcomes. Although these 
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studies present different epidemiological data, clinical inter-
ventions, and outcomes, all agree with the fact that the reduc-
tion of blood glucose is effective in decreasing microvascular 
and neuropathic chronic complications.

The UKPDS study, which evaluated 5112 T2D patients 
during 20 years, demonstrated a decrease in chronic compli-
cations with intensive treatment, with a reduction of approxi-
mately 1% in HbA1c levels (7.9–7.0%), resulting in a 25% 
reduction of the risk of microvascular complications and 
16% of acute myocardial infarction in 10  years [2]. 
Additionally, it demonstrated benefits of the intensive blood 
pressure control [59].

Another study (STENO-2), with T2D in intensive care, 
with HbA1c goals of <6.5%, blood pressure <130/80 mmHg, 
statin use (total cholesterol <180 mg/dL and LDL <100 mg/
dL), and inhibitors of angiotensin-converting enzyme (in 
cases of persistent microalbuminuria), showed a 53% reduc-
tion in the risk of cardiovascular events [60].

The DECODE study showed that postprandial hypergly-
cemia is an independent risk factor for mortality [61]. 
Mainly, the prevention of microvascular and macrovascular 
complications in T2D patients requires tight control of fast-
ing, preprandial and postprandial blood glucose, HbA1c, lip-
ids, and blood pressure. However, in older patients with 
previous cardiovascular disease and longstanding diabetes, 
the glycemic control may not be so strict, as demonstrated by 
the ACCORD study, which showed an increase in cardiovas-
cular mortality and other causes in T2D patients in intensive 
care [62].

The ADA recommends as targets for T2D treatment pre-
prandial glucose between 90 and 130 mg/dL and HbA1c lev-
els <7.0% [63, 64]. However, the American Association of 
Clinical Endocrinologists (AACE) [65] and the International 
Diabetes Federation (IDF) [66] suggest HbA1c levels <6.5%. 
To achieve these goals, the proper maintenance of fasting 
glucose, in addition to postprandial glucose through basal- 
bolus insulin, is an important factor in the treatment of sub-
jects with T2D [67].

The pathophysiology of pharmacological treatment of 
subjects with T2D depends on various aspects contributing 
to hyperglycemia. The peripheral insulin resistance (adipo-
cytes and skeletal muscle), presented in 85–90% of the cases 
[67], the deficiency of the insulin production by the beta cell, 
and the excessive hepatic glucose production caused by the 
insulin resistance are all contributor factors to the onset of 
hyperglycemia. As shown in UKPDS, the persistence of ele-
vated levels of HbA1c leads to the progressive loss of beta- 
cell function in secreting insulin [2].

The metabolic abnormalities associated with T2D deteri-
orate with the increase of age. The sooner the treatment is 
initiated in T2D patients, when mild levels of HbA1c occur, 
the better the improvement of the metabolic control and the 
decrease of the long-term complications.

The T2D treatment begins with monotherapy, and subse-
quently a second drug is added, and, if necessary, a third oral 
drug or insulin is implemented. However, different societies 
recommend that insulin might be implemented earlier, 
shortly after oral monotherapy. This treatment initially 
begins by changes in lifestyle (diet, cholesterol control, 
weight reduction, blood pressure control, physical activity, 
and tobacco control) associated with metformin [68–70]. If 
these interventions are not effective in reducing HbA1c lev-
els <7.0%, another approach must be implemented 3 months 
after the initiation of metformin. However, there is no con-
sensus on the second drug used, being insulin, sulfonylurea, 
thiazolidinedione (pioglitazone), glucagon-like peptide-1 
(GLP-1) agonists, alpha-glucosidase inhibitors, sodium- 
glucose co-transporter 2 (SGLT2) inhibitors, or dipeptidyl 
peptidase-4 (DPP-4) inhibitors [68–70].

Although insulin therapy for T2DM treatment has con-
ventionally been postponed as the latest therapeutic option, 
different diabetes guidelines and consensus suggest consid-
ering insulin as the first line of treatment. Therefore, insulin 
could be indicated as a second drug added after metformin, 
when the patient presents intense clinical evidence (polyuria, 
polydipsia, polyphagia, weight loss) of glucotoxicity, severe 
hyperglycemia with ketonuria, decompensation, and/or 
HbA1c ≥8.5%. However, if the clinical evidence is less 
intense, and/or HbA1c levels <8.5%, another oral drug can 
be added before using insulin.

To start insulin therapy in T2D patients, it is recom-
mended to start with 10 U (or 0.2 U/kg of body weight) of a 
basal insulin (NPH, glargine, detemir, degludec, or glargine 
U-300) at bedtime, maintaining the oral antidiabetic agents 
already being used [71–76].

In a study comparing the use of glimepiride associated 
with insulin glargine in the morning or at bedtime or bedtime 
NPH insulin in 695 patients with T2D, HbA1c levels 
decreased 1.24% with glargine in the morning, 0.96% using 
glargine at bedtime, and 0.84% using NPH insulin at bed-
time [77]. The improvement in HbA1c was more evident 
with glargine in the morning than at bedtime (p = 0.008) and 
than NPH at bedtime (p = 0.001).

The randomized treat-to-target study, which compared 
insulin glargine or human NPH insulin to oral therapy in sub-
jects with T2D, showed similar results of HbA1c levels 
(6.96% vs. 6.97%) and fasting glucose (117  mg/dL vs. 
120  mg/dL) [78]. The insulin adjustment was performed 
every 3  days, according to the blood glucose tests. In the 
LANMET study, with T2D patients with inadequate glyce-
mic control, on use of oral antidiabetics (90% with sulfonyl-
ureas associated with metformin), and without previous 
treatment with insulin, 110 subjects were randomized to 
receive insulin glargine at bedtime plus metformin or NPH 
insulin plus metformin for 36 weeks [79]. The initial dose of 
insulin was 10 U for those using previously only metformin 
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and 20 U for those using metformin associated with sulfo-
nylurea. The individuals randomized to receive insulin 
glargine showed lower fasting plasma glucose than NPH 
group (103.5 mg/dL vs. 107.3 mg/dL, p < 0.001) [79]. In this 
study, the insulin dose was increased by 2 U every 3 days if 
the fasting plasma glucose (FPG) ≥100 mg/dL within 3 days 
and 4 U if FPG ≥180 mg/dL in the same period and succes-
sively. The patient was responsible for his insulin adjustment 
or self-titration, maintaining their optimal dose without 
endocrinologist visits and telephone calls.

In the UKPDS, patients with T2D receiving insulin ther-
apy had lower HbA1c levels, but 1.0–2.0% more patients 
receiving insulin reported at least one episode of severe 
hypoglycemia per year than those patients receiving other 
therapies. Intensive therapy, with oral medications or insulin, 
has been shown to increase the risk of episodes of 
hypoglycemia.

The GOAL study, involving 7893 patients with T2D, 
uncontrolled on oral antidiabetics randomized to 4 treatment 
groups with long-acting insulin analogue glargine, involving 
different forms of titration and different ways of measuring 
HbA1c, found significant reductions in HbA1c and blood 
glucose in all groups (p < 0.0001) [59]. However, the group 
with active titration showed a greater reduction in HbA1c 
than those with usual titration (1.5% vs. 1.3%, p < 0.0001), 
and a greater proportion of patients achieved an HbA1c 
<7.0% (38% vs. 30%, p < 0.0001) [80].

In patients with T2D using only one dose of NPH at bed-
time, it is possible to use twice a day (morning and bedtime) 
when goals are not being achieved, before starting to use 
fast-acting insulin. When the basal insulin at bedtime or 
twice a day associated with oral antidiabetics is no longer 
sufficient to maintain HbA1c levels <7.0%, it is necessary to 
intensify insulinization. This means starting with fast-acting 
insulin (human or analogues), maintaining the basal or 
biphasic insulin. When insulinization is intensified, oral 
insulin secretagogues (sulfonylurea, glinides) must be sus-
pended, but metformin is maintained.

In T2D, a study using insulin glargine as basal insulin 
demonstrated that a fast-acting insulin could be started ini-
tially at the main meal, as it causes the greatest increase in 
postprandial glycemia or results in the highest elevation of 
premeal glucose, and then this insulin could be extended to 
the other meals, if necessary, to achieve HbA1c goal [81].

In a study with T2D uncontrolled patients at diagnosis, 
which compared the use of NPH insulin at bedtime plus 
regular insulin before meals and NPH plus lispro, the use 
of the insulin analogue showed to be superior in achieving 
metabolic control, with suppression of glucagon secretion 
and reduction of the glucotoxicity [82]. Another study 
also observed that use of insulin lispro in patients with 
T2D, administered before meals, was more effective in 
reducing HbA1c than the use of metformin or NPH insu-

lin at bedtime. In a study comparing the insulin analogues 
lispro and aspart, the results evidenced that both have the 
same effectiveness in controlling postprandial glucose 
excursions [83]. The administration of insulin aspart 
15 min after the meal is as or more effective in controlling 
postprandial hyperglycemia than implementing the regu-
lar insulin before meals [38]. Greater predictability of 
action and lower glycemic variation with the use of these 
analogues have also been described in individuals with 
T2D [84]. Individuals with T2D treated for 26 weeks with 
the long-acting analogue insulin detemir associated with 
aspart insulin before meals showed glycemic control com-
parable to those treated with NPH and aspart. However, as 
demonstrated in other studies, there were less variability 
between individuals and less weight gain with insulin 
detemir [85, 86].

In a study including 7637 T2D patients randomized to 
receive either insulin degludec (3818 patients) or insulin 
glargine U-100 (3819 patients) once daily between dinner 
and bedtime in a double-blind, treat-to-target and evaluation 
of cardiovascular outcome, of those randomized 6509 
(85.2%) had already cardiovascular disease established, 
chronic kidney disease, or both. At baseline, the mean age 
was 65.0  years, duration of T2D 16.4  years, and HbA1c 
8.4 ± 1.7%; 83.9% of the T2D were receiving insulin. The 
primary outcome occurred in 325 patients (8.5%) of degludec 
group and in 356 (9.3%) of glargine group. After 24 months 
of treatment, the mean HbA1c was 7.5  ±  1.2% in both 
groups, and the mean fasting plasma glucose level was sig-
nificantly lower in the degludec group (128  ±  56 vs. 
136 ± 57 mg/dL, p < 0.001). Severe hypoglycemia happened 
in 187 degludec patients (4.9%) and in 252 glargine patients 
(6.6%), p  <  0.001. Rates of adverse events did not differ 
between the two groups [45].

Regarding the use of biphasic insulin in subjects with 
T2D, studies demonstrated that the biphasic analogues are 
more effective in reducing the postprandial hyperglycemia 
than those containing NPH and regular, without significant 
reduction of HbA1c [87, 88]. However, the improvement of 
postprandial hyperglycemia and glycemic variability reduc-
tion, despite HbA1c levels, may be important factors in 
reducing the risk of onset and progression of microvascular 
and macrovascular chronic complications. The use of bipha-
sic insulins (premix) may be recommended for those patients 
with the greatest difficulty in assimilating the basal-bolus 
regimen, considered apparently to be more convenient 
because the doses are already previously divided on a fixed 
percentage of basal and fast-acting insulin analogues 70/30, 
75/25, or 50/50.

In T2D patients who need to use basal-bolus regimen, due 
to severe insulinopenia, glucose variability occurs frequently, 
and continuous subcutaneous insulin infusion can be 
indicated.
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 Insulin Therapy Inpatient

Hyperglycemia is a common acute complication of critically 
ill patients, during hospitalization at intensive care units 
(ICUs). Some studies demonstrated that the presence of 
hyperglycemia, in particular severe hyperglycemia, is asso-
ciated with increased morbidity and mortality in some 
patients, but some clinical and randomized trials evaluating 
the effects of tighter glucose on the mortality of critically ill 
patients showed conflicting data.

Despite these conflicting evidences, the American Diabetes 
Association, the American Association of Clinical 
Endocrinologists, the Brazilian Diabetes Society, and other pro-
fessional organizations recommend intensive insulin therapy as 
the standard of care for critically ill patients [69, 89–92].

The main barrier to implement a tight glucose control in 
critically ill patients during hospitalization is the increased 
risk of severe hypoglycemia that has been described to be 
associated with increased mortality. Because of these aspects 
and risks or benefits, the tight glucose control is used infre-
quently by some clinicians. The Normoglycemia in Intensive 
Care Evaluation—Survival Using Glucose Algorithm 
Regulation (NICE-SUGAR) study, an international multi-
center trial involving 6104 patients and the largest random-
ized clinical trial of intensive insulin therapy, evidenced that 
blood glucose target ≤180 mg/dL is associated with lower 
mortality than did a target of 81–108 mg/dL [93].

It is recommended that all clinicians assess all patients 
admitted to the hospital for a history of diabetes. When pres-
ent, this diagnosis should be clearly identified in the medical 
record. All patients, independent of a prior diagnosis of dia-
betes, have laboratory blood glucose (BG) testing on hospital 
admission. The patients without a history of diabetes with 
BG greater than 7.8 mmol/L (140 mg/dL) should be moni-
tored with bedside capillary BG testing for at least 24–48 h. 
Those with BG greater than 7.8 mmol/L require appropriate 
therapeutic intervention [89].

The inpatient care of individuals with diabetes and hyper-
glycemia is complex, involving multiple providers with 
varying degrees of expertise who are dispersed across many 
different areas of the hospital. Multidisciplinary local proto-
cols should guide safe glycemic control, hypoglycemia pre-
vention, and patient preparation for care transitions. Poor 
coordination of glucose monitoring, meal delivery, and insu-
lin administration is a common barrier to optimal care of the 
patients during the hospitalization period.

 Protocol for Insulin Therapy in Critically Ill 
Patients

The most efficient and safe therapeutic option to treat criti-
cally ill patients is by continuous intravenous insulin pump 
infusion [69, 92, 94]. It is recommended preferably to use 

regular human insulin than fast-acting analogues, in solu-
tions containing 100  U diluted in 100  mL of 0.9% saline 
solution (1 U/mL).

Some authors recommend an initial intravenous bolus of 
insulin before starting the infusion, to reduce the glucotoxic-
ity if glycemia is greater than 300 mg/dL, using a standard 
formula to correct the hyperglycemia (glycemia ÷ 100 = insu-
lin dose). The initial infusion rate can be calculated by rate 
infusion (mL/h) = current glycemia − minimal glycemia × 
correction factor (CF). The minimal of blood glucose 
depends on each case and may be established at 100  mg/
dL. The CF depends on the patient’s estimated insulin resis-
tance; it is common to start with a factor of 0.02, rising 0.03–
0.05  in those with more insulin resistance or reducing to 
0.01 in patients more sensitive to insulin.

The infusion rate should be adjusted to maintain blood 
glucose at target, noting that the prompt glucose decline 
should be avoided, reducing the rate of insulin infusion, and, 
in the presence of hyperglycemia, the rate must be acceler-
ated. Thus, the dynamic behavior of glycemia analyzed the 
last three measures, and it is important to adjust the rate of 
insulin infusion. Glucose measurements during insulin infu-
sion should be performed initially every hour and in those 
with glycemic control at target every 2 or 3 h.

It is important to avoid glycemic variability in these criti-
cally ill patients, because there is an increase of the mortal-
ity, independent of the glucose variation, induced by the 
cellular oxidative stress during this period.

 Protocol for Insulin Therapy in Non-critically 
Ill Patients

Some studies demonstrated that the presence of hyperglyce-
mia in non-critically ill patients also increases morbidity and 
mortality [69, 89–91].

It is recommended that only patients with well-controlled 
T2D maintain oral antidiabetic agents and the others should 
discontinue oral diabetes drugs and non-insulin injectable 
diabetes medications upon hospital admission.

To start insulinization in these patients, the dose could be 
calculated at a total daily dose of 0.2–0.3  U/kg of body 
weight in patients with aged ≥70  years and/or glomerular 
filtration rate less than 60 mL/min or 0.4 U/kg of body weight 
per day for patients not meeting the criteria above who have 
BG concentrations of 7.8–11.1 mmol/L (140–200 mg/dL) or 
0.5 U/kg of body weight per day for patients not meeting the 
criteria above when BG concentration is 11.2–22.2 mmol/L 
(201–400 mg/dL).

The total calculated dose is distributed approximately as 
50% basal insulin and 50% prandial insulin. If the basal insu-
lin is glargine or detemir give it once a day or twice if detemir 
or NPH is given, at the same time each day, and the fast- 
acting (prandial) insulin should be given in three equally 
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divided doses before each meal. If the patient is not able to 
eat, it is necessary to hold prandial insulin, maintaining basal 
insulin at a lower percentage (40%).

The prandial insulin doses are adjusted according to the 
results of bedside BG measurements. The supplemental (cor-
rection) fast-acting insulin analogue or regular insulin is 
required if the patient is able and expected to eat all or most 
of the meals. Give regular insulin or fast-acting insulin ana-
logue before each meal following Table 32.2. If a patient is 
not able to eat or is receiving enteral nutrition, give regular 
insulin every 6 h or fast-acting insulin analogue every 4–6 h. 
In patients receiving parenteral nutrition, it is recommended 
to use continuous endovenous insulin infusion.

If fasting and premeal plasma glucose are persistently 
above 7.8 mmol/L (140 mg/dL) in the absence of hypoglyce-
mia, increase insulin scale of insulin from the insulin- 
sensitive to the usual or from the usual to the insulin-resistant 
column. If a patient develops hypoglycemia (BG 
<3.8  mmol/L or 70  mg/dL) or acts in the opposite way, 
decrease the regular insulin or fast-acting insulin analogue 
from the insulin-resistant to the usual column or from the 
usual to the insulin-sensitive column.
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 Introduction

Diabetic ketoacidosis (DKA) and hyperosmolar hyperglyce-
mic state (HHS) are serious acute metabolic complications 
that occur in patients with type 1 diabetes mellitus (T1DM) 
and type 2 diabetes mellitus (T2DM), representing two 
extremes in the decompensation spectrum of disease [1].

DKA is the most common acute hyperglycemic compli-
cation of diabetes, with an estimated annual incidence of 4 to 
8 episodes per 1000 admissions of patients with diabetes. 
The SEARCH study [2] evaluated the prevalence of DKA in 
young diabetics aged 0–19 years and reported it to be present 
in 25–30% of cases of type 1 diabetes and in 4–29% of young 
people with type 2 diabetes at the time of the diagnosis. A 
recent systematic review to better clarify the epidemiological 
data of DKA in adults with T1DM provided an overall preva-
lence of DKA ranging from approximately 50 to 100 annual 
events per 1000 patients [3]. HHS is less common than DKA, 
accounting for less than 1% of all diabetes-related admis-
sions, but has a much higher mortality rate, currently in the 
order of 11% in the United States, but reaching more than 
40% in some series compared to a rate of less than 5% in 
patients with DKA [4, 5]. Most cases of HHS are seen in 
elderly patients with type 2 diabetes mellitus, and the prog-
nosis is determined by the severity of dehydration, presence 
of comorbidities, and advanced age [6].

The management of these diabetic emergencies repre-
sents a substantial economic burden. In the United States, 
the average cost of DKA management is $17,500 per 
patient, totaling an annual cost of $2.4 billion [1]. In 2014, 
a total of 14.2 million visits to the emergency department 
were registered in patients with diabetes, with 207 thou-
sand visits due to hyperglycemic crises (9.5 per 1000 peo-
ple with diabetes) [7].

DKA is characterized by a triad of increased total body 
ketone concentration, metabolic acidosis, and uncontrolled 
hyperglycemia, whereas HHS is characterized by severe hyper-
glycemia, hyperosmolality, and dehydration in the absence of 
significant ketoacidosis. The term “hyperglycemic hyperosmo-
lar state” has been adopted by several authors, since patients 
may present a low level of ketosis, and coma does not occur in 
all cases of HHS [4, 5]. Patients have some degree of impair-
ment of consciousness (somnolence, drowsiness, and numb-
ness), but only about 30–50% progress to a state of coma. Thus, 
the use of the terms “hyperosmolar coma,” “non-ketotic hyper-
osmolar hyperglycemic coma,” and “non-ketotic hyperosmolar 
hyperglycemic state” has been avoided [5].

These metabolic disorders result from the combination of 
absolute or relative insulin deficiency and an increase in 
counterregulatory hormones (glucagon, catecholamines, 
cortisol, and growth hormone) [1, 6]. Most DKA patients 
have type 1 diabetes; however, patients with type 2 diabetes 
suffering from catabolic stress such as trauma, surgery, or 
infection are also at risk for DKA [4].

Diabetic ketoacidosis is the initial presentation in 20 to 
30% of patients with T1DM, while the main precipitating 
causes of DKA in patients with known diabetes are infection 
and omission or inadequate insulin administration. Other 
causes include silent myocardial infarction, pancreatitis, 
stroke, trauma, and drugs that affect the metabolism of car-
bohydrates, such as glucocorticoids, sympathomimetics, and 
atypical antipsychotics [4, 8] (Table  33.1). In addition, an 
association has been reported between the use of sodium- 
glucose cotransporter-2 (SGLT-2) inhibitors and the devel-
opment of DKA among patients with T1DM and T2DM [9].
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On the other hand, HHS occurs more commonly in elderly 
patients with T2DM. Infection is the main aggravating factor 
in almost all series and occurs in 40–60% of patients, with 
pneumonia (40–60%) and urinary tract infection (5–16%) 
being the most commonly detected infections. Up to 20% of 
cases do not have a previous diagnosis of diabetes [10, 11]. 
Underlying medical disease such as stroke, myocardial infarc-
tion, and trauma, resulting in the release of  counterregulatory 
hormones and/or compromising access to water, can result in 
severe dehydration and HHS. In most patients, restricted water 
intake is due to the fact that the patient is bedbound and is 
exacerbated by the altered thirst response in the elderly. Some 
medications are associated with metabolic decompensation 
and HHS, such as glucocorticoids, thiazide diuretics, phenyt-
oin, beta-blockers, and atypical antipsychotics [6].

 Pathophysiology

The combination of absolute or relative insulinopenia and 
high concentrations of counterregulatory hormones results in 
an accelerated catabolic state with increased production of 
glucose by the liver and kidney (via glycogenolysis and glu-
coneogenesis) and, at the same time, restricts the use of 
peripheral glucose, leading to hyperglycemia and hyperos-
molality [12]. Due to osmotic diuresis, there are still dehy-
dration and electrolyte disturbances [1, 4].

Acute and chronic hyperglycemias are proinflammatory 
states. There is two- to threefold increase in the levels of pro-
inflammatory cytokines (TNFα, 1Lβ, 1 L6, and 1 L8), car-
diovascular risk markers, and products of reactive oxygen 
species, in addition to cortisol, growth hormone, and free 
fatty acids, in patients with hyperglycemic crises in the 
absence of apparent infection or cardiovascular disorders, 
with normalization after institution of insulin therapy and 
resolution of hyperglycemia [13]. These events are also asso-
ciated with increased levels of counterregulatory hormones 
and leukocytosis. In addition, procoagulant and inflamma-
tory states may be nonspecific phenomena due to stress and 
may partially account for the association of hyperglycemic 
crises with hypercoagulability [8].

 Diabetic Ketoacidosis

Hyperglycemia develops as a result of three processes: 
increased hepatic gluconeogenesis, accelerated glycoge-
nolysis, and impaired glucose utilization by peripheral tis-
sues [1, 4]. These processes promote the excessive release 
of free fatty acids and glycerol in the circulation from lipol-
ysis by increasing lipase activity, with subsequent hepatic 
oxidation in ketone bodies (β-hydroxybutyrate and aceto-
acetate) by the predominant glucagon stimulus, resulting in 
ketonemia. With the accumulation of ketone bodies, meta-
bolic acidosis sets in [14]. In the DKA state, metabolism 
and clearance of ketone bodies are decreased. Both hyper-
glycemia and high levels of ketone bodies cause osmotic 
diuresis, leading to hypovolemia and decreased glomerular 
filtration rate, which contribute to the aggravation of the 
hyperglycemia [1, 4, 5].

 Hyperosmolar Hyperglycemic State

The pathogenesis of HHS is not as well understood as that of 
DKA, but a greater degree of dehydration and differences in 
insulin availability distinguish it from DKA [15]. Patients 
with HHS are also insulin-deficient. However, they exhibit 
higher insulin concentrations (demonstrated by basal and 
stimulated C-peptide levels) than patients with DKA. Insulin 
levels in HHS are relatively insufficient to facilitate the use 
of glucose by tissues, but are sufficient to prevent lipolysis 
and subsequent ketogenesis. In addition, patients with HHS 
have lower concentrations of free fatty acids, cortisol, growth 
hormone, and glucagon [4, 16].

 Diagnosis

Patients with DKA usually develop polyuria, polydipsia, and 
weight loss within hours. Nausea, vomiting, and abdominal 
pain are detected in 40–75% of cases [17, 18]. Physical 
examination reveals signs of dehydration, changes in mental 
status, hypothermia, and ketone breath in the patient’s 
breathing. A rapid and deep breathing pattern (Kussmaul res-
piration) is observed in patients with severe metabolic acido-
sis, due to the stimulation of the respiratory centers by the 
increase of pCO2 [1, 18]. Although infection is a common 
precipitating factor for DKA and HHS, patients may be nor-
mothermic or even hypothermic, mainly due to peripheral 
vasodilation. Severe hypothermia, when present, is a sign of 
a poor prognosis [19].

The condition can be classified as mild, moderate, or 
severe, depending on the extent of metabolic acidosis and 
changes in the level of consciousness. The key diagnostic cri-

Table 33.1 Risk factors for DKA and HHS

Infection
Low adherence to insulin therapy or omission of treatment (insulin/
oral hypoglycemic agents)
Recent diabetes diagnosis
Acute conditions (acute myocardial infarction, stroke, pancreatitis, 
trauma)
Difficulty in accessing health services
Drugs (atypical antipsychotics, glucocorticoids, sympathomimetic 
agents, thiazides, phenytoin, SGLT-2 inhibitors, etc.)
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terion is an elevation in serum concentration of ketone bodies. 
Although most patients with DKA have high plasma glucose 
levels, this does not determine severity [1, 20]. Confirmation 
of increased ketone body production is performed using 
either the nitroprusside reaction or the direct measurement of 
β-hydroxybutyrate. The nitroprusside reaction provides a 
semiquantitative estimate of acetoacetate and acetone levels 
in plasma or urine, but does not detect the presence of 
β-hydroxybutyrate, which is the predominant ketone among 
DKA patients. Despite presenting a higher cost, direct mea-
surement of β-hydroxybutyrate is the preferred option for 
diagnosing ketoacidosis (≥3 mmol/l), as well as for following 
the patient’s response to treatment [15, 21].

The current American Diabetes Association (ADA) diag-
nostic criteria for DKA are a glucose concentration greater 
than 13.9 mmol/L (250 mg/dL, the “D” of DKA), the pres-
ence of ketones (either in the urine or in the blood, “K”), and 
metabolic acidosis (“A”), with a pH lower than 7.30 (mea-
sured in arterial or venous blood) and a serum bicarbonate 
concentration of 18.0 mmol or less/L [4]. The ADA guide-
line therefore suggests a glucose concentration limit 
≥13.9  mmol/L (250  mg/dL) to diagnose DKA; however, 
many patients have a lower increase in plasma glucose con-
centration after retention or decreased insulin dose in the 
presence of disease or reduced food intake [22].

In contrast, the insidious onset of HHS (several days) ver-
sus DKA (<1–2 days) results in more severe manifestations 
of hyperglycemia, dehydration, and plasma hyperosmolality, 
which correlate with lowering of the level of consciousness 
[1] (Table 33.2). Focal neurological signs (hemianopia and 
hemiparesis) and seizures (focal or generalized) may also be 
present in the clinical spectrum of HHS [15].

Currently, ADA and international guidelines include, 
as diagnostic criteria for HHS, a plasma glucose 
level >33.3 mmol/L (600 mg/dl), an effective serum osmolality 
(2 × [Na + in mEq/L)] + glucose in mmol/L]/18) >320 mmol/
kg, and the absence of appreciable metabolic acidosis and 

ketonemia [4, 6]. The guidelines also recommend disregard-
ing urea from the calculation of effective serum osmolality 
since it is equally distributed in all body compartments and 
its accumulation does not induce an osmotic gradient across 
cell membranes [15]. Encephalopathy symptoms are usually 
present when serum sodium levels exceed 160 mmol/L and 
when the effective osmolality is >320 mmol/kg. Estimates 
suggest that approximately 20–30% of patients with HHS 
present with metabolic acidosis due to an increase in anion 
gap as a result of concomitant ketoacidosis alone or in com-
bination with increased levels of lactate [1].

In 1973, Munro et al. [23] reported that in 211 DKA epi-
sodes, 16 (7.6%) had a blood glucose concentration lower 
than 11.1 mmol/L (200 mg/dL), a condition referred to as 
euglycemic DKA (euDKA). This presentation is also seen in 
pregnant women with diabetes, in patients with impaired 
gluconeogenesis due to alcohol abuse, and more recently in 
patients treated with sodium and glucose cotransporter-2 
(SGLT-2) inhibitors [22]. SGLT-2 inhibitors are a class of 
anti-diabetic agents that reduce blood glucose levels by 
blocking glucose reabsorption in the proximal convoluted 
tubule of the kidney, causing glycosuria [24].

In October 2015, the American Association of Clinical 
Endocrinologists (AACE)/American College of 
Endocrinology (ACE) convened a conference of experts 
from Europe and the United States to evaluate the reported 
cases by balancing the scientific evidence for the association 
between therapy with SGLT-2 inhibitors (iSGLT-2) and 
DKA, as well as to provide recommendations for the care of 
affected patients and to publish an official position on the 
subject (Table 33.3). SGLT-2 inhibitors are not approved for 
use in T1DM. However, AACE/ACE encourages the contin-
uation of ongoing studies, as early results reveal that SGLT-2 
inhibitors have a promising impact on glycemic regulation in 
this population. It is also suggested that, in future trials with 
T1DM, lower doses of SGLT-2 inhibitors should be consid-
ered and the insulin dose should not be routinely reduced 
when the medication is started [16]. In addition, the CANVAS 
study, comprising 10,142 subjects, reported no significant 
differences in DKA between the placebo and canagliflozin 

Table 33.2 Clinical aspects of DKA and HSS

DKA HHS
Patients diagnosed with DM 
or first manifestation of DM
Start <1–2 days
Hyperglycemia, polyuria, 
polydipsia, weight loss
Nausea, vomiting, 
abdominal pain
Hypothermia
Plasma hyperosmolality and 
lowering of the level of 
consciousness variables
Metabolic acidosis
Breath of Kussmaul

Usually in patients diagnosed with 
DM
Slow start (several days)
More severe manifestations of 
hyperglycemia, dehydration, plasma 
hyperosmolality, and lowering of the 
level of consciousness

Table 33.3 Recommendations to minimize the risk of euglycemic 
DKA with iSGLT-2

Avoid stopping insulin or excessively reducing the dose
Immediately stop drug use and provide appropriate clinical care in 
emergency surgeries or extreme stress events
Measure ketonemia, rather than measuring urine ketones, in 
symptomatic patients with DKA diagnosis
Avoid excessive consumption of alcoholic beverages and ketogenic 
diets in patients using iSGLT-2
Suspend iSGLT-2 24 hours before elective surgeries, invasive 
procedures, and intense exercise
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arms (0.3 and 0.6 events per thousand patients/yr., respec-
tively). Likewise, the EMPA-REG outcome trial, in which 
7020 patients were treated with empagliflozin or placebo, 
showed similar incidences for DKA, less than 1%, between 
the placebo and empagliflozin arms [25, 26].

The laboratory evaluation of patients with hyperglycemic 
crises should include plasma glucose, renal function and 
electrolytes (for the calculation of anion gap), plasma osmo-
lality, urine ketones by dipstick and serum ketones (if urine 
ketones are present), and arterial blood gases, complete with 
differential and urine summary. Additional investigations 
include electrocardiogram, chest X-ray, and cultures [4, 8]. 
The diagnostic criteria for DKA and HHS are shown in 
Table 33.4.

Although most patients with HHS present a pH of 7.30 
and a level of bicarbonate greater than 18 mEq/L on admis-
sion, mild ketonemia may also be part of the clinical picture, 
and a significant overlap between DKA and HHS is observed 
in more than one third of patients. Clinically, HHS presents 
lower ketosis and higher hyperglycemia than DKA [4]. On 
the other hand, the determination of elevation ketonemia or 
ketonuria represents the main diagnostic resource in 
DKA. The nitroprusside reaction measures the levels of ace-
toacetic acid in blood and urine, but its use is not recom-
mended to follow the resolution of the clinical picture, since 
this method is not able to recognize β-hydroxybutyrate, the 
main metabolite produced in DKA that is converted to aceto-
acetate during therapy, and the ketone test can show high 
values, mistakenly suggesting a deterioration of ketonemia 
and indicating a false clinical worsening of the patient. 
Another source of error is drugs, such as angiotensin- 
converting enzyme inhibitors (captopril, e.g.), which have 
sulfhydryl groups potentially capable of interacting with the 
reagent in the nitroprusside test and yielding false-positive 
results [27].

As an alternative to pH and β-hydroxybutyrate measure-
ment, serum bicarbonate and calculated anion gap (AG) can 
be monitored. The anion gap [AG = Na + − (HCO3− + Cl−)] 

provides an estimate of the major unmeasured anions in 
plasma which, in DKA, are mainly ketoacids. AG normaliza-
tion reflects the correction of ketoacidosis as the ketoacids 
are removed from the blood [8]. Most DKA patients have 
AG >20 mEq/L, but occasionally they may develop hyper-
chloremic metabolic acidosis without a significant change in 
the anion gap [28].

Leukocytosis is common in both conditions and may be 
related to increased levels of cortisol and catecholamines 
secondary to the stress of hyperglycemia and dehydration. 
Values above 25,000 leukocytes/mm3 require screening for a 
possible triggering infection. Dehydration may also favor 
hemoconcentration [8, 20]. Initial serum sodium is generally 
low due to the osmotic movement of water from intracellular 
to extracellular space secondary to hyperglycemia. Therefore, 
the presence of hypernatremia and hyperglycemia indicates 
severe dehydration [8]. High blood glucose levels may mis-
takenly lower plasma sodium results, suggesting the use of 
the formula proposed by Katz for sodium correction: cor-
rected Na+ = measured Na+ + [(1.6 × (glycemia - 100)]/100 
[29]. In patients with severe hypertriglyceridemia, pseudo-
hyponatremia may occur in DKA [5].

The state of insulinopenia can elevate the serum potas-
sium due to the exit of potassium to the extracellular loca-
tion. The presence of a normal or downright low kalemia on 
admission of patients with DKA suggests a severe potassium 
deficit, usually around 3 to 5 mEq/kg of body weight. In this 
case, a more potent potassium replacement should be insti-
tuted, along with cardiac monitoring for possible arrhyth-
mias [8, 30]. An electrocardiogram may also be useful to rule 
out the possibility of a silent infarction, especially in patients 
with T2DM. In addition to the laboratory changes described, 
nonspecific elevations of amylase and lipase may be observed 
in 16–25% of DKA cases. Elevation of amylase correlates 
with pH and serum osmolality, but lipase elevation is related 
only to serum osmolality, and the diagnosis of acute pancre-
atitis based on isolated elevation of pancreatic enzymes is 
not justifiable [31].

Table 33.4 Diagnostic criteria for DKA, according to severity classification, and HHS

Parameters

DKA

Light Moderate Severe HHS
Glucose (mg/dl) >250 >250 >250 >600
Bicarbonate (mmol/L) 15–18 10–14 <10 >15
Arterial or venous pH 7.25–7.30 7.00–7.24 <7.00 >7.30
Acetoacetate in blood or urine Positive Positive Positive Negative or light +
β-Hydroxybutyrate in blood or urine (mmol/L) >3 >3 >3 <3
Effective serum osmolality (mmol/kg) Variable Variable Variable >320
Anion gapa (mmol/L) >10 >12 >12 <12
Impairment of consciousness Alert Alert or sleepy Stupor/coma Stupor/coma

aAnion gap = [Na+ − (HCO3− + Cl−)]
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 Differential Diagnosis

Other conditions that occur with metabolic acidosis and an 
increase in the anion gap should be considered in the differ-
ential diagnosis of DKA.

Lactic acidosis usually manifests itself as a result of tissue 
hypoperfusion, resulting in the non-oxidative metabolism of 
glucose to lactic acid. The presentation is similar to that of 
DKA. In pure lactic acidosis, hyperlactatemia predominates, 
but blood glucose and ketones must be normal. In situations 
of prolonged fasting or ketogenic diets, ketosis is caused by 
insufficient carbohydrate availability, resulting in 
 physiological lipolysis and ketone production to provide fuel 
substrates for the tissues. Blood glucose is usually normal. 
Urine may have large amounts of ketones, but rarely is there 
ketonemia [4, 32, 33].

In alcoholic ketoacidosis, the appropriate ketogenic 
response to poor carbohydrate intake is potentiated through 
the effects of alcohol on the liver. Metabolic acidosis is usu-
ally mild to moderate, with anion gap characteristically high, 
identifying ketonemia and ketonuria, with an even higher 
proportion of β-hydroxybutyrate to acetoacetate than DKA, 
as well as a negative or weak positive nitroprusside method 
[15, 34].

Severe chronic renal failure may trigger uremic acidosis, 
characterized by a significant change in renal function and 
normoglycemia. PH and anion gap are usually discretely 
abnormal, and dialytic therapy needs to be instituted in most 
cases [32]. Acidosis related to drug intoxication, such as 
salicylates, ethylene glycol, and methanol, is also described 
and should be investigated. In salicylate poisoning, blood 
glucose is low or normal, osmolality is normal, and ketones 
are negative, with the possibility of detecting the drug in the 
urine or blood [35].

 Treatment

The initial step of DKA or HHS treatment is aggressive vol-
ume replacement with isotonic crystalloid solution, 500–
1000 mL/h in 1–2 hours or 15–20 mL/kg in the first hour. 
This fluid therapy is responsible for restoring intravascular, 
intracellular, and interstitial volumes, reestablishing renal 
and tissue perfusion, decreasing hyperglycemia and ketogen-
esis, and reducing the release of counterregulatory hormones 
[1]. If the patient is still hemodynamically unstable after this 
initial hydration, volume resuscitation can be continued by 
tapping an amount of volume to be infused so as not to ren-
der the patient congested [4]. While this vigorous expansion 
is proceeding, serum measurements of potassium, sodium, 
blood glucose, urea, creatinine, and diuresis should be taken 
[1]. It is worth mentioning that patients with HHS usually 
require more vigorous hydration than those with DKA due to 

the water deficit being practically double in patients with 
HHS [1, 4].

After this first step, corrected sodium should be calcu-
lated, using the formula corrected Na+ = measured Na+ + [1.6 
× (glycemia - 100)]/100. If the corrected sodium is between 
135 and 145  mEq/L or  >145  mEq/L, hydration should be 
continued using hypotonic solution composed of equal pro-
portions of saline solution and distilled water at an infusion 
rate of 250–500 mL each hour, also guided by the volume 
status of the patient. If corrected sodium is between 
<135  mEq/L, the use of 250–500  mL saline is continued 
every hour, monitoring blood volume and diuresis. When 
capillary blood glucose (CBG) reaches 200 mg/dl in DKA or 
300 mg/dl in HHS, infusion of hypotonic solution plus glu-
cose to a final concentration of 5% dextrose solution is initi-
ated at an infusion rate of 150–250 mL/h to maintain CBG 
between 150 and 200 mg/dL until resolution of the acidosis 
[1, 4]. Serum glycoside 5% 1000 mL plus 20% NaCl 20 mL 
may be prescribed to arrive at this solution.

The other pillar of DKA/HHS treatment is potassium 
testing and its replacement, if necessary, prior to the initia-
tion of insulin infusion, the main measure for correction of 
acidosis. In the case of serum potassium of 3.3 to 5.0 mEq/L, 
20–30  mEq/L of potassium is added to the hydration to 
maintain a stable serum level of this ion [4] and regular 
insulin 0.1 U/Kg IV bolus, followed by infusion of regular 
insulin solution at a dose of 0.1 U/kg/hr. [1, 4]. The use of 
the standard solution composed of saline 0.9% 
100 mL + regular insulin 100 U in continuous insulin infu-
sion (CII) intravenous is recommended if the patient is hos-
pitalized in an intensive care setting. Intravenous insulin is 
the first choice for patients with severe DKA/HHS who are 
admitted to the intensive care unit, presenting hypovolemic 
shock, poor peripheral perfusion, or anasarca [1, 4, 22]. 
Previous bolus administration of this same insulin 0.1 U/kg 
remains controversial, since there were no significant dif-
ferences in the treatment or risk of hypoglycemia [1, 4]. If 
this bolus is not done, increase the administration of intra-
venous insulin to 0.14 U/kg/hr. to suppress the production 
of ketone bodies [4].

If potassium is less than 3.3  mEq/L, administer 
20–30 mEq/h of this electrolyte to reach a potassium level of 
3.3  mEq/L, thus preventing hypokalemia resulting from 
insulin administration and fluid therapy. In the case of serum 
potassium above 5.0 mEq/L, infusion of insulin can be initi-
ated without potassium replacement [1, 4].

Subcutaneous insulin may be used instead of intrave-
nous for correction of acidosis in mild to moderate and 
uncomplicated cases [1, 4]. These cases can be managed in 
an intermediate care unit, provided there is a trained team 
available. Lispro or aspart insulins are used at the initial 
0.2–0.3  U/kg dose, followed by maintenance at a dose 
0.1 U/kg/h or 0.2 U/kg every 2 hours [1, 22]. The subcuta-
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neous and muscular routes are just as effective as the intra-
venous route [1, 4, 22], and the intramuscular one has the 
disadvantage of being more painful and can cause hemato-
mas in users of anticoagulants [1]. Insulin therapy by any 
route of administration is capable of suppressing lipolysis 
and ketogenesis, decreasing hepatic gluconeogenesis, and 
restoring cellular metabolism [1].

Following the administration of insulin, capillary blood 
glucose is monitored every hour. When this parameter 
reaches 200–250 mg/dl in DKA or 300 mg/dl in HHS, the 
supply should be reduced to 50% of the dose, maintaining 
capillary blood glucose between 150 and 200 mg/dl in the 
DKA [1, 4] or 200 and 300 mg/dl in HHS until resolution of 
the clinical picture [1]. Acidosis resolution is considered 
when arterial or venous pH reaches values greater than or 
equal to 7.3, bicarbonate equal to or greater than 18 mmol/L, 
normal gap anion, and CBG below 200 mg/dl for DKA [4] or 
serum osmolarity below 310 mmOsm/kg [1, 4], CBG below 
300 mg/dL, and recovery of the level of consciousness for 
HHS [1, 4, 22]. Generally, hyperglycemia takes about 
6 hours to reach such levels, while the production of ketone 
bodies ceases only after 12 hours of therapy [4].

When the patient is able to ingest food, if intravenous 
insulin is used and if the condition is in resolution [1, 4, 22], 
the administration of subcutaneous insulin at a dose of 0.5–
0.7  U/Kg/day [1] should be started, preferably using ana-
logues of insulin in a basal-bolus regimen, concomitant with 
the food supply. The use of insulin glargine and glulisine 
reduced episodes of hypoglycemia to 15% when compared 
to NPH and regular insulin, responsible for 41% of such epi-
sodes. Insulin infusion should be switched off 2 hours after 
the first subcutaneous injection. If the patient was on insulin 

prior to hospitalization uses, he or she can return to the previ-
ous regimen [1, 4] (Fig. 33.1).

In contrast, for the treatment of euglycemic ketoacidosis, 
which usually presents with blood glucose levels lower than 
200 mg/dl, vigorous hydration should be prioritized and the 
use of ultra-rapid subcutaneous insulin preferred (Fig. 33.2).

Although the main action for the correction of acidosis is 
the use of insulin, bicarbonate should be replaced when the 
pH is ≤6.9. To do this, use 50–100 mmol of 8.4% sodium 
bicarbonate diluted in 200 ml of sterile water [4] or in 0.45% 
saline 500 ml in 2 hours until pH >7.0 [1]. If it is difficult to 
reverse the acidosis, the administration of bicarbonate [1, 4] 
may be repeated, and conditions associated with this state 
such as hypovolemia and infections should be ruled out [1]. 
The use of intravenous bicarbonate does not present any ben-
efits in recovering from severe acidosis. It may also increase 
the risk of hypokalemia, paradoxal central nervous system 
acidosis [1, 4], and decreased tissue oxygenation. Bicarbonate 
should not be used in HHS or if pH >7.0 [1].

Phosphate deficiency is uncommon and usually arises 
only after the onset of insulin therapy. Phosphate replace-
ment should only be indicated when serum levels are lower 
than 1.0  mg/dl or in the presence of muscle weakness, 
heart or respiratory depression, or anemia. A solution con-
taining 20–30 mEq/L of potassium phosphate [1, 4] may 
be used. In the case of mild depletions, the correction 
occurs through food intake [1]. Administration of intrave-
nous phosphate may lead to hypocalcemia, and most stud-
ies have failed to demonstrate any benefits from this 
replacement [1, 4, 22].

In order to monitor the patient with DKA/HHS, venous 
blood gases should be requested, less painful to the patient, 

Fluid Replacement

Saline 0.9% 500 – 1000 mL/h for 1 – 2h or 15 – 20 mL/kg in 1h

Saline 0.45% 500 mL: 250 – 500 mL/h Saline 0.9%: 250 – 500 mL/h

Measure plasma K+, Na+, glucose,
BUN, Cr and urinary volume

Check serum K+ If K+ between 3.3 and 5.0mEq/L

Corrected plasma Na+ *

> 145 mEq/L < 135 mEq/L
135 – 145 mEq/L

DKA: CBG 200 mg/dL
HHS: CBG 300 mg/dL

Hypotonic solution + dextrose 5%: infuse 150-250mL/h
until improvement**

Regular Insulin IV ***
• 0.14U/kg/hr CII

Regular Insulin IV ***
• Bolus 0.1U/kg
• 0.1U/kg/hr CII

Insulin Lispro or Aspart SC
• Bolus 0.1U/kg

• 0.1U/kg/hr or 0.2U/kg/2hr
< 3.3 mEq/L

3.3 - 5.0 mEq/L

> 5.0 mEq/L

Start insulin

CBG 1/1hr

CBG 200-250 mg/dL in DKA or 300mg/dL in HHS

Reduce to half the dose

Maintain CBG 150-200 in DKA and 200-300 in HHS until improvement**

If oral intake possible and clinical picture resolved: start food and insulin 0.5-
0.7U/kg/day SC, basal-bolus

Stop CII after 2 hours

Check plasma potassium before start
insulin

Potassium infusion
20-30 mEq/h to reach

3.3mEq/L Potassium infusion 20-
30mEq/L saline to
maintain plasma 

concentrations 4.0-5.0
mEq/L

Fig. 33.1 Algorithm for the therapeutic management of DKA and 
HHS. (*Corrected Na+ = measured Na+ + [1,6 x (measured blood glu-
cose  – 100)]/100; **Plasma bicarbonate >18  mmol/L, pH ≥7.3, and 

glucose <200 mg/dL; ***CII: Saline 0.9% 100 mL +  regular insulin 
100 U (1 mL = 1 U))
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and equally effective for the evaluation of metabolic param-
eters, serum potassium, and plasma glucose every 2 to 
4 hours until the patient attains stability [4].

The possible complications of DKA/HHS treatment are 
hypoglycemia secondary to the use of insulin, which may 
manifest without adrenergic symptoms; hypokalemia, which 
may be worsened by the administration of bicarbonate; and 
cerebral edema. The latter complication, rare in adults and 
with 0.3–1.0% incidence in children, should be suspected if 
the patient presents a headache, a diminished level of con-
sciousness, pupillary alterations, bradycardia, papilledema, 
sphincter incontinence, elevated blood pressure, or respira-
tory arrest. Blood glucose should be maintained between 200 
and 300 mg/dl until osmolarity is corrected, which is unlikely 
to be rapid, and hyperhydration avoided. If cerebral edema 
occurs, use mannitol and mechanical ventilation in an 
attempt to reverse this condition [4].
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Hypoglycemia in the Non-diabetic 
Patient

Maria Daniela Hurtado and Adrian Vella

Hypoglycemia is frequent in clinical practice. However, in 
contrast to patients with diabetes, true hypoglycemia is 
uncommon in non-diabetic patients [1]. The definition of 
hypoglycemia differs in patients with and without diabetes. 
In patients with diabetes, hypoglycemia is defined as any 
abnormally low plasma glucose concentration, with or with-
out symptoms, that exposes an individual to potential harm 
[2]. In non-diabetic individuals, hypoglycemia is defined as 
a low plasma glucose concentration that causes symptoms 
and/or signs, including brain function impairment [3].

 Clinical Presentation

Hypoglycemic symptoms and signs are the result of the acti-
vation of the counter-regulatory cholinergic and adrenergic 
nervous systems (autonomic symptoms) and functional brain 
impairment from glucose depravation (neuroglycopenic 
symptoms). Autonomic symptoms and signs include diapho-
resis, tremors or shakiness, palpitations or pounding of the 
heart, anxiety or nervousness, increased hunger, and pares-
thesia [4]. Neuroglycopenic symptoms and signs include 
fatigue, behavioral changes, cognitive impairment  – from 
confusion to seizures, and coma [5]. Autonomic symptoms 
usually occur at a threshold of 60 mg/dl, whereas neurogly-
copenic symptoms occur at a threshold of 50 mg/dl. Glycemic 
thresholds are dynamic. For instance, if hypoglycemia is 
recurrent, the plasma glucose concentration threshold at 
which symptoms occur decreases [6].

 Pathophysiology

In normal subjects, glucose supply is tightly controlled by 
the dynamic regulation of glucose production and usage. In 
the postprandial state, rising plasma glucose concentrations 
stimulate insulin secretion to restore euglycemia. Insulin 
suppresses glycogenolysis and gluconeogenesis and 
increases glucose uptake in the muscle and adipose tissue. 
During the fasting state, in order to provide a continuous glu-
cose flux to the brain, glucose is released from the liver and 
to a lesser extent the kidney. There are several glucose 
counter- regulatory mechanisms that come into play to pre-
vent hypoglycemia. Each occurs at different thresholds [7]. 
First, as plasma glucose concentration falls and reaches a 
threshold of ~80 mg/dL, insulin secretion declines, thereby 
decreasing peripheral glucose disposal. Insulin secretion is 
completely suppressed only when glucose levels reach a 
threshold of 55–60 mg/dL. Second, at a glucose threshold of 
65 to 70  mg/dl, glucagon secretion increases to stimulate 
gluconeogenesis and glycogenolysis. At the same threshold, 
the third mechanism, increased epinephrine secretion, comes 
into play. Epinephrine impairs peripheral glucose uptake and 
increases delivery of gluconeogenic substrates to the liver. If 
all the aforementioned mechanisms are not sufficient to 
maintain euglycemia, cortisol and growth hormone are 
released to enhance hepatic glucose production and to limit 
glucose utilization [7, 8]. However, because of the time- 
dependent nature of their actions on glucose metabolism, it 
is unlikely that cortisol and GH have any meaningful effect 
on counter-regulation [9, 10].

Behavioral counter-regulatory mechanisms are as impor-
tant as the hormonal ones. Symptoms of hypoglycemia, 
which occur at a plasma glucose concentration of <60 mg/
dL, trigger food ingestion which is an important behavioral 
defense. The disruption or dysregulation of any of these 
physiological mechanisms may lead to hypoglycemia.
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 Differential Diagnosis

The differential diagnosis of hypoglycemia depends on the 
context in which it occurs. The likely causes of hypoglyce-
mia differ significantly in otherwise well patients compared 
to hospitalized, chronically ill individuals. The characteriza-
tion of hypoglycemic disorders by the timing of symptoms in 
relation to food intake has been challenged and largely aban-
doned because some conditions can cause hypoglycemia in 
both the fasting and postprandial states [11], and often it is 
difficult to reliably differentiate the timing of symptoms.

In seemingly well patients, hyperinsulinemic hypoglyce-
mia that is not caused by medication is most commonly due 
to insulinoma. On the other hand, underlying systemic dis-
ease, medication side effects, medication-disease interac-
tions, and other iatrogenic factors are more likely in 
hospitalized patients. In this chapter, we will also discuss 
genetic conditions and drugs that predispose to hypoglyce-
mia, as well as the etiology of non-insulin-mediated 
hypoglycemia.

 The Healthy Patient: Hyperinsulinemic 
Hypoglycemia

Endogenous hyperinsulinemic hypoglycemia was first 
described at the Mayo Clinic in 1926 when an orthopedic 
surgeon presented with hypoglycemic episodes and was 
found to have a metastatic pancreatic islet cell tumor [12]. 
Extracts from the liver metastases obtained at the time of 
abdominal exploration led to hypoglycemia in laboratory 
animals. These observations established the clinical entity of 
insulinoma. Besides insulinoma, other causes of endogenous 
hyperinsulinism include functional β-cell disorders (non- 
insulinoma pancreatogenous hypoglycemia and post- 
bariatric bypass hypoglycemia), insulin autoimmune 
hypoglycemia syndrome due to insulin and (more rarely) 
insulin receptor antibodies, and hypoglycemia due to the 
(inappropriate) use of insulin secretagogues or insulin.

 Insulinoma
Insulinomas are rare functional neuroendocrine tumors with 
an incidence of 1 in 250,000 person-years [11]. Despite their 
relative rarity, insulinomas represent the most common func-
tional neuroendocrine tumor and are also the most common 
cause of endogenous hyperinsulinemic hypoglycemia. 
Insulinomas occur in people of all ethnicities and have a 
slight predominance for men. The majority of insulinomas 
are less than 2 cm in size, benign, solitary, and sporadic [13]. 
Less than 10% of patients present with multifocal disease 
and/or are part of a genetic syndrome such as multiple endo-
crine neoplasia syndrome 1 (MEN1).

Insulinomas classically present with hypoglycemia in the 
fasting state although hypoglycemia can also occur in the 
postprandial state [14]. Patients are usually healthy, except 
for experiencing periods of neuroglycopenia [15]. The 
72-hour fast, discussed later in this chapter, is often used to 
document Whipple’s triad and elucidate the mechanism of 
hypoglycemia. Lesions are usually identified on imaging 
studies, and surgical enucleation or resection is the treatment 
of choice.

Malignant insulinomas account for less than 10% of insu-
linomas [13, 16]. Presentation is similar to that of other 
hypoglycemic disorders. Malignant tumors are differentiated 
from benign tumors based on the presence of extrapancreatic 
disease whether as local soft tissue invasion or as distant 
metastases. Insulinomas have a high cure rate and, in the 
case of sporadic insulinomas, low risk of recurrence [13, 16, 
17]. Malignant insulinomas have a poorer prognosis with a 
15-year survival rate of 29% [18].

 Non-insulinoma Pancreatogenous Hypoglycemia 
Syndrome (NIPHS)
NIPHS was first described at the Mayo Clinic in 1999 by FJ 
Service and colleagues. Service et al. reported five cases of 
postprandial hyperinsulinemic hypoglycemia that were not 
due to insulinomas and had a positive selective arterial cal-
cium stimulation test. All patients underwent partial pancre-
atectomy. The pathology of the resected pancreata revealed 
pancreatic islet cell hypertrophy and nesidioblastosis. No 
mutations in Kir6.2 and SUR1 genes were present. Mutations 
in both genes have previously been associated with familial 
persistent hyperinsulinemic hypoglycemia of infancy [19].

NIPHS is rare and typically characterized by hypoglyce-
mia in the postprandial state – usually between 2 and 4 hours 
following a meal, negative imaging studies, abnormal selec-
tive arterial calcium stimulation test in those who undergo 
surgery, and nesidioblastosis or occult islet tumor on histol-
ogy [19–21]. The mixed meal test can help confirm hypogly-
cemia in the postprandial state but does not establish a 
diagnosis.

 Post-Bariatric Surgery Hypoglycemia
Bariatric surgery patients may present with multiple nonspe-
cific symptoms in the postoperative period that are not neces-
sarily due to hypoglycemia. Post-bariatric surgery 
hypoglycemia has an estimated incidence of 2–4% in patients 
who have undergone Roux-en-Y gastric bypass [22, 23]. 
Most commonly, hypoglycemia occurs in the postprandial 
state, develops months to years following surgery, and has a 
female predominance [23, 24]. Symptoms are frequently 
provoked by high intake of simple sugars. The mixed meal 
test can be used to document postprandial hypoglycemia. If 
positive, it is followed by invasive testing and treatment.
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Although NIPHS and post-bariatric surgery hypoglyce-
mia share underlying physiopathology and clinical presenta-
tion, they are considered two different entities. Post-bariatric 
surgery hypoglycemia is more common than NIPHS.

 Insulin Antibody-Mediated Hypoglycemia
Insulin antibodies can develop after exposure to exogenous 
insulin (more common with porcine and bovine insulin) 
administration or arise spontaneously. Insulin antibodies are 
not infrequent in patients receiving insulin and are more 
common in those in whom insulin therapy was initiated prior 
to the era of highly purified insulins [25, 26]. These antibod-
ies rarely cause hypoglycemia. It has been postulated that 
these antibodies may have a higher affinity for insulin and 
result in limited insulin dissociation. However, this has been 
disputed [27]. It is now believed that these antibodies are less 
likely to cause hypoglycemia, because once insulin is 
released, its action (in diabetic patients) is impaired by 
hyperglycemia and decreased insulin action.

On the other hand, insulin antibodies, spontaneously gen-
erated in the absence of prior insulin exposure, lead to hypo-
glycemia more frequently. It is thought that the unregulated 
release of insulin, regardless of the plasma glucose concen-
tration, in combination with normal glucose metabolism and 
normal insulin action, predisposes to more frequent symp-
tomatic hypoglycemia. This condition is known as insulin 
autoimmune syndrome. Insulin autoimmune syndrome is a 
rare disorder first described in 1970. It is more commonly 
seen in Asians of Korean or Japanese descent [28, 29]. 
Patients often have a history of other autoimmune disorders 
and/or exposure to sulfhydryl-containing drugs such as 
methimazole [29]. Symptoms of hypoglycemia may range 
from mild to severe and can occur in the fasting and post-
prandial states.

Diagnosis can be challenging. Insulin antibody measure-
ment may be of diagnostic utility only in patients with no 
history of insulin use. In this population, the presence of 
antibodies does not exclude the possibility of surreptitious 
insulin use.

 The Ill Patient

Hypoglycemia, both spontaneous and secondary to treat-
ment with insulin or other medications that cause hypoglyce-
mia, is a frequent finding in the ICU and has been linked to a 
poor prognosis with increased mortality in critically ill 
patients [30, 31]. Critically ill patients not only have 
decreased glycogen storage in the setting of decreased oral 
intake but also have impaired gluconeogenesis and altered 
peripheral glucose utilization [32–34].

In patients with and without diabetes mellitus, besides 
insulin therapy to manage hyperglycemia, the most fre-

quently underlying diseases associated with hypoglycemia 
include malignancies, cerebrovascular disease, sepsis, pneu-
monia, alcohol dependence, liver disease, renal failure, heart 
failure, and self-harm with hypoglycemic agents [1, 35]. In 
patient with diabetes alone, suspension of nutritional therapy 
while on insulin therapy is a frequent cause of hypoglycemia 
as well.

The underlying mechanisms of hypoglycemia in the criti-
cally ill have not been fully elucidated. In the setting of sep-
sis, it has been shown that endotoxins impair hepatic 
gluconeogenesis in a rat model [36]. In the setting of hepatic 
failure, hypoglycemia ensues when hepatocytes are not able 
to mobilize glycogen storages during the fasting state. 
Alcohol and other toxins can also alter intrahepatic pathways 
that are vital for normal gluconeogenesis and glycogenolysis 
[37]. Hypoglycemia due to renal failure is thought to be mul-
tifactorial due to impaired gluconeogenesis secondary to 
deficiency of amino acid precursors, particularly alanine; 
decreased insulin clearance; and poor nutrition and muscle 
wasting with impaired glycogenesis [38].

 Genetic Causation and Predisposition 
to Hypoglycemia

Advances in the areas of molecular biology and genomics 
have provided a deeper mechanistic understanding of the 
endocrine and metabolic pathways that regulate glucose 
homeostasis. Defects in genes encoding for proteins that are 
integral to these pathways can result in hypoglycemia in the 
neonatal period or at an early age in childhood. For instance, 
congenital hyperinsulinism can be caused by mutations in 
key genes that regulate insulin secretion (GCK, HNF4A, 
HNF1A, and UCP2 defects). Other genetic abnormalities 
affect transcription factors or regulatory genes that can 
result in deficiency of counter-regulatory hormones. These 
include congenital hypopituitarism (PIT-1 mutation), iso-
lated ACTH deficiency (POMC and TPIT mutations), iso-
lated GH deficiency (SOX3 mutations), primary adrenal 
insufficiency- isolated or, as part of type 1 autoimmune poly-
endocrinopathy syndrome (AIRE mutation), dopamine 
b-hydroxylase deficiency (DBH mutation), and other rarer 
disorders [39].

Rarely, defects that affect hepatic glycogen synthesis, 
gluconeogenesis, and galactose and amino acid metabolism 
can also cause hypoglycemia. Some examples of diseases 
caused by alterations in these pathways are:

 – Glycogen storage disease (GDS) I, the most common 
GSD, results from defects in either glucose-6- phosphatase 
(chromosome 17q21) or glucose-6-phosphate translocase 
(chromosome 11q23.3). These proteins are essential in 
the final steps of glycogenolysis and gluconeogenesis.
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 – Hereditary fructose intolerance is caused by aldolase B 
deficiency (chromosome 9q22.3). This enzyme is a 
 crucial link between fructose metabolism and 
gluconeogenesis.

 – Galactosemia results from abnormalities of enzymes that 
regulate galactose conversion into glucose. Defects in this 
pathway result in neonatal hypoglycemia after newborns 
are breastfed.

 – Maple syrup urine disease is due to a defect in the degra-
dation of branched amino acids which, as a result, cannot 
enter gluconeogenesis [39].

Lastly, some genetic syndromes can present with hypo-
glycemia in some but not all children that are affected. For 
example, Beckwith-Wiedemann syndrome, Laron syndrome, 
or primary growth hormone resistance may cause hypogly-
cemia. Similarly, extreme insulin resistance syndromes such 
as leprechaunism and Rabson-Mendenhall syndrome that are 
due to genetic mutations of the insulin receptor gene may 
also result in hypoglycemia [40]. In these cases, permanently 
high insulin concentration can limit mobilization of free fatty 
acids from adipose tissue resulting in impaired β-oxidation 
to ketones during fasting, resulting in hypoglycemia.

MEN1 is a rare genetic syndrome that may predispose to 
hypoglycemia in adulthood. The mutation affects the genome 
location that encodes for the menin protein, a tumor suppres-
sor protein, on chromosome 11 (11q13) [41]. MEN1 is an 
autosomal dominant hereditary disorder characterized by an 
increased predisposition to tumors of the pituitary, parathy-
roid glands, and pancreatic islet cells [42]. Functioning neu-
roendocrine tumors occurs in one to two thirds of the patients 
affected with MEN1. Insulinomas are rare and affect only 
10% of the patients with MEN1 and enteropancreatic tumors. 
Unlike patients with sporadic insulinoma, MEN1 patients 
with these tumors tend to be younger at the time of diagno-
sis, have multiple tumors, and have a higher recurrence rate 
[18, 42].

 Drug-Induced Hypoglycemia

Drugs are the most common cause of hypoglycemia. 
Antidiabetic agents, particularly insulin and sulfonylureas, 
are the leading cause of drug-induced hypoglycemia [43]. 
However, non-antidiabetic drugs either can also cause hypo-
glycemia per se or can enhance the hypoglycemic effect of 
diabetic drugs. Commonly used non-diabetic drugs that can 
induce hypoglycemia are salicylates (e.g., aspirin),cardiac 
medications (e.g., amiodarone, hydralazine, β-blockers, and 
ACE inhibitors), antibiotics (e.g., ceftriaxone, ciprofloxacin, 
doxycycline, and piperacillin-tazobactam), anti-malaric 
agents (e.g., hydroxychloroquine, mefloquine, and quinine), 
HIV medications (e.g., entecavir, stavudine, zidovudine, zal-

citabine), antifungals (e.g., ketoconazole and voriconazole), 
anti-epileptic (e.g., gabapentin, phenytoin), and psychiatric 
medications (e.g., chlorpromazine, haloperidol, and sertra-
line) [44]. This is a non-exhaustive list.

Pathophysiologic mechanisms for drug-induced hypogly-
cemia include enhanced insulin secretion, improved insulin 
action, or decreased insulin clearance; however, usually the 
mechanisms behind drug-induced hypoglycemic effects are 
not clear. Mechanisms by which drugs can enhance insulin 
secretion include increased pancreatic blood flow (e.g., ACE 
inhibitors), alteration of β-cell membrane channels (e.g., 
fluoroquinolones and antiarrhythmic and antimalarial drugs), 
and decreased insulin degradation [45–47]. Other medica-
tions can decrease renal blood flow and hence decrease insu-
lin and other antidiabetic drugs.

In the healthy, non-diabetic patient, the clinician should 
have a high suspicion for factitious hypoglycemia [48]. This 
is typically seen in patients who have access to medical sup-
plies such as healthcare workers or those who have sick rela-
tives [49].

 Non-insulin-Mediated Hypoglycemia

Non-islet cell tumor-induced hypoglycemia is a rare para-
neoplastic syndrome most commonly described in patients 
with large, slow-growing tumors particularly of mesenchy-
mal origin [50]. Although it was initially attributed to 
increased glucose utilization by large and highly metabolic 
tumors, it is now recognized that the underlying physiopa-
thology mechanism is a paraneoplastic phenomenon. These 
tumors, benign or malignant, produce large amounts of “big” 
insulin growth factor 2 (IGF-2). “Big” IGF-2 is the result of 
incomplete and abnormally processed pro-IGF-2 and has 
insulin-like activity like other insulin growth factors. The 
activation of insulin receptors by IGF-2 promotes continuous 
glucose uptake by the muscles, decreased lipolysis by adipo-
cytes, and impaired glucagon release. High concentrations of 
IGF-2 also result in low plasma growth hormone and IGF-1 
due to negative feedback on the pituitary gland. All these fac-
tors increase the vulnerability to hypoglycemia. Biochemical 
workup reveals low plasma glucose concentration with sup-
pressed insulin, proinsulin, betahydroxybutyrate  and 
C-peptide. Also, plasma glucose concentration increases 
>25 mg/dl after glucagon administration.

 Hypoglycemia Evaluation

It is important to decide which patients require hypoglyce-
mia evaluation to avoid unnecessary testing and expense. A 
thorough history, physical examination, and review of labo-
ratory data are important, particularly if the patient describes 
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symptoms that are suggestive of neuroglycopenia. The diag-
nostic approaches may differ depending on the clinical 
 situation, i.e., ill, and hospitalized patients versus healthy 
patients without significant comorbidities.

 Establishing a Diagnosis of Hypoglycemia

In the ill, hospitalized patient, clinicians should focus on 
identifying a possible underlying condition. A particular 
attention should be paid to the possibility of adrenal insuffi-
ciency. Clinicians should also review the list of medications 
thoroughly.

In the seemingly well patient, since workup is completed 
generally in the outpatient setting, it is not always possible 
for the patient to obtain the necessary laboratory tests at the 
time when the symptoms occur. If the history and laboratory 

data are suggestive of a hypoglycemic disorder but Whipple’s 
triad has not been documented, the clinician should aim to 
provoke a hypoglycemic episode. A 72-hour fast or a mixed 
meal study, if symptoms are suggestive of fasting or post-
prandial hypoglycemia, respectively, should be the initial 
tests. Fig. 34.1 is a decision tree for the initial diagnosis and 
evaluation of a patient with hypoglycemic symptoms.

 Seventy-Two-Hour Fast
The 72-hour fast consists of a prolonged withholding of 
food and caloric fluids until Whipple’s triad is documented. 
Normal individuals will not develop hypoglycemia after a 
prolonged fast due to activation of glycogenolysis and glu-
coneogenesis. Hypoglycemia only ensues if there is a 
defect in endogenous glucose production. For instance, in 
the case of an insulinoma, continuous insulin secretion pre-
vents the physiologic endogenous glucose production 

Symptoms or
signs suggestive
of hypoglycemia

Whipple’s triad
fulfilled?

YES NO

YES

YES

NO

NO

Replicate
conditions causing
hypolglycemia and
establish etiology

Urgent bundle
72-hour fast
Mixed meal

Non-insulin
mediated

Insulin mediated

Evaluate for
systemic illness

cortisol deficiency,
offending drugs

Rule out insulin
antibodies/
Sulphylurea

Whipple’s triad
fulfilled?

Evaluate other
causes of
symptoms

NO

YES
Localize with
non-invasive

Imaging
(CT abdomen/
ultrasound)?

Localized with invasive imaging
(endoscopic ultrasound/selective
arterial calcium stimulation test)?

Surgery
Consider blind abdominal

exploration with intra-
abdominal ultasound

Fig. 34.1 Decision tree for the diagnosis and workup of hypoglycemic disorders
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increase that is expected in the fasting state. The 72-hour 
fast should be undertaken by a center that is experienced in 
performing the test. The fast can be initiated in the outpa-
tient setting as 35% of patients will have a positive test 
within the first 12 hours. If hypoglycemia does not occur in 
the first 12  hours, individuals should be admitted to an 
inpatient ward to complete the fast. Ninety-three percent of 
patients will likely have a positive fast by 48 hours of fast-
ing and 99% by 72 hours [16].

While patients undergo the 72-hour fast, the test should 
only be terminated if one of the following criteria is met:

 1. Documentation of Whipple’s triad.
 2. Plasma glucose concentration <45 mg/dL.
 3. Plasma glucose concentration  <55  mg/dl with previous 

documentation of Whipple’s triad.
 4. Progressive increase in β-hydroxybutyrate.
 5. After 72 hours if no symptoms occur.

Ending the fast may be a difficult decision, especially in 
the setting of nonspecific symptoms with low normal plasma 
glucose concentration near the hypoglycemic threshold. It is 
important to keep in mind that low plasma glucose may be 
physiological, and plasma glucose concentration in the 
40–50 mg/dl range is not uncommon, particularly in young 
lean women.

If neuroglycopenia is suspected, a detailed history and 
physical exam are important to establish the diagnosis. Tests 
can include those of cognitive function, for example, serial 7 
subtractions. Frequent reevaluation may be required, includ-
ing the need for bedside glucose testing if laboratory values 
are delayed.

Criteria for Hyperinsulinemia
The following laboratory findings confirm the presence of 
hyperinsulinemia:

 1. Plasma insulin concentration ≥3 μU/ml.
 2. Plasma C-peptide concentration ≥200 pmol/l.
 3. Plasma proinsulin concentration ≥5 pmol/l.
 4. Plasma β-hydroxybutyrate concentration  ≤2.7  mmol/l. 

Hyperinsulinemia results in β-hydroxybutyrate suppres-
sion. A β-hydroxybutyrate concentration >2.7 mmol/l, or 
if two consecutive values at least 6 hours apart exceed the 
value at hour 18 of the fast, suggests a negative 72-hour 
fast test [51].

 5. Plasma glucose concentration increase of >25 mg/dl after 
glucagon administration. In patients with hyperinsu-
linemia, liver glycogen stores are maintained in the fast-
ing state (insulin has an anti-glycogenolytic effect); 
therefore, plasma glucose concentration increases in 
response to the glycogenolytic effect of glucagon. Normal 

individuals will have used all glycogen stored in the liver 
after a prolonged fast and will not respond to glucagon 
stimulation.

 6. Negative sulfonylurea and meglitinide screen. Both 
types of medications can cause an identical laboratory 
profile to an insulinoma. Therefore, these should be mea-
sured using liquid chromatographic tandem mass 
spectrography.

 7. Absence of insulin antibodies. The presence of insulin 
antibodies is only of utility in patients with no history of 
insulin use. If antibodies are present, the clinician should 
consider the possibility of insulin antibody-mediated 
hypoglycemia or surreptitious insulin use.

The interpretation of insulin, C-peptide, and proinsulin 
concentrations during the prolonged supervised fast depends 
on the concomitant plasma glucose concentration. The nor-
mal overnight fasting ranges for these polypeptides do not 
apply when the plasma glucose concentration is 50–55 mg/dl 
or lower.

 Mixed Meal Test
The mixed meal test does not have established standards of 
interpretation. This study is generally performed in patients 
with symptoms of postprandial hypoglycemia. For the test, 
patients consume a non-liquid meal and are observed for 
5 hours following food ingestion [52]. Plasma glucose, insu-
lin, C-peptide, and proinsulin are measured before food 
ingestion and every 30 minutes thereafter. The test is positive 
if patients develop neuroglycopenic symptoms in the setting 
of a plasma glucose concentration ≤ 50 mg/dl. It is important 
to note that a positive test only confirms the presence of 
Whipple’s triad but does not provide a diagnosis. If insulin-
oma is still suspected in a patient with a positive mixed meal 
study, the 72-hour fast should be performed. If the 72-hour 
fast is negative, NIPHS should be suspected [19]. If there is 
a history of bariatric surgery, then post-bariatric surgery 
hypoglycemia is more likely.

 Localizing Studies

Localizing studies are only performed once endogenous 
hyperinsulinemic hypoglycemia with negative hypoglyce-
mic agent screen and insulin antibodies is documented.

Insulinomas are highly vascularized, and therefore imag-
ing techniques are successful in  localizing these lesions. 
Imaging not only can identify the primary tumor, but it also 
allows for the evaluation of metastatic lesions. Localization 
is important as it will prevent morbidity and mortality associ-
ated with extensive abdominal explorations and the possible 
need for repeat surgeries. Surgical cure depends on the accu-
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rate localization of the tumor. There are noninvasive and 
invasive techniques available.

 Noninvasive Radiologic Studies
The advantages of noninvasive techniques are lower expense 
and fewer complications. The size of the tumor and the 
patient’s body habitus can limit the diagnostic utility of non-
invasive techniques. Dynamic computed tomography has an 
excellent sensitivity >90%, transabdominal ultrasonography 
is operator dependent and therefore has a variable sensitivity, 
and magnetic resonance imaging has a variable sensitivity 
with an average of 70% [13].

Imaging characteristics of CT typically involve enhanc-
ing and vascular lesions visualized during both arterial and 
portal venous phases, although smaller lesions are better 
seen during the arterial phase (Figs.  34.2 and 34.3). 
Lesions do not classically alter the natural contour of the 
pancreas.

 Invasive Techniques
If computed tomography, magnetic resonance imaging, and 
transabdominal ultrasonography fail to localize the source of 
endogenous hyperinsulinemia, more invasive procedures 
may be needed. Alternatives include endoscopic ultrasonog-
raphy (sensitivity 95–100%) and arteriography (sensitivity 
<70%) [13]. Arteriography is now only limited to selective 
arterial calcium stimulation test in our practice. Intraoperative 
ultrasound has a high sensitivity if performed by experienced 
providers and is particularly helpful in detecting lesions in 
MEN1.

The decision about which study to perform will depend 
on the center’s experience and expertise.

If more invasive procedures fail to localize the source of 
insulin, selective arterial calcium stimulation is indicated. It 
is important to keep in mind that negative imaging does not 
exclude insulinoma.

 Selective Arterial Calcium Stimulation
Selective arterial calcium stimulation is reserved for patients 
with negative radiologic localizing studies. It guides not only 
insulinoma management but also NIPHS and post-bariatric 
surgery hypoglycemia management. Although pancreatic 
islet cell hypertrophy due to NIPHS and post-bariatric sur-
gery hypoglycemia is a diffuse process, insulin response to 
calcium injection often localizes to one arterial domain. 
Interestingly, selective arterial calcium stimulation can dis-
tinguish between an insulinoma and a more diffuse process 
such as seen in NIPHS or in post-bariatric surgery hypogly-
cemia [53]. Insulinomas cause significantly higher absolute 
and relative hepatic venous insulin concentrations.

The sensitivity of this technique is higher than 90% [54, 
55]. The procedure involves catheterization of the right 
hepatic vein via the inferior vena cava. Calcium gluconate is 
selectively and sequentially injected into the gastroduodenal 
artery, superior mesenteric artery, and splenic artery. After 
selective injection into each artery, insulin concentration is 
measured in hepatic venous effluent samples collected at 20, 
40, and 60  seconds following the calcium gluconate infu-
sion. A two- to threefold rise in insulin concentration in any 
of these samples reveals the area of the pancreas where 
excess insulin is coming from. If hepatic vein insulin con-
centration increases after selective calcium gluconate injec-
tion into the gastroduodenal artery, then the insulinoma or 
tissue hyperplasia is located in the head of the pancreas, 
whereas if hepatic vein insulin concentration increases after 
selective calcium gluconate injection into the superior mes-
enteric or splenic arteries, the dysfunctional tissue is located 
in the uncinated process or the body or tail of the pancreas, 

Fig. 34.2 Contrast-enhanced computed tomography of the abdomen 
including triphasic imaging through the pancreas of a 38-year-old male 
with endogenous hyperinsulinemic hypoglycemia. A subtle, rounded, 
1.8-cm nodule in the neck of the pancreas slightly enhances on the late 
arterial phase, concerning for an insulinoma

Fig. 34.3 Contrast-enhanced computed tomography of the abdomen 
including triphasic imaging through the pancreas of a 48-year-old 
female with endogenous hyperinsulinemic hypoglycemia reveals a 
7-mm nodule in the posterior tail of the pancreas, concerning for an 
insulinoma
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respectively. Fig. 34.4 and Table 34.1 show the arteriogram 
after selective arterial calcium stimulation and correspond-
ing hepatic vein insulin concentration in a 53-year-old female 
with endogenous hyperinsulinemic hypoglycemia with neg-
ative imaging.

Selective arterial calcium stimulation test may be used as 
a diagnostic tool in patients with renal failure, when plasma 
β-cell polypeptide concentrations are unreliable [56].

 Treatment

Treatment is directed to the specific etiology.

 Insulinomas

The gold standard of care for insulinomas is surgical resec-
tion. The surgical approach, open surgery versus laparos-

copy, depends on the tumor size, localization, focality, and 
invasion. Very deep lesions may require segmental resec-
tion, but solitary and superficial lesions can be managed 
with enucleation. Malignant insulinomas require more 
extensive resection. Importantly, surgeons should aim to 
preserve endocrine and exocrine function if possible. 
Surgical cure rate is above 90% [57]. Non-malignant insu-
linomas have a good prognosis with survival that is no dif-
ferent from that expected for the population [13, 16, 17]. 
Malignant insulinomas, on the other hand, have a survival 
rate of 29% at 15 years following diagnosis [18]. Roughly 
7% of sporadic insulinomas recur. Recurrence rate is much 
higher in patients with MEN1.

Medical therapy is expensive and carries significant 
adverse events. It is only indicated in patients who are not 
good surgical candidates or those who have unresectable 
disease. Among the medications used, diazoxide, which 
inhibits insulin release from β-cells, achieves symptomatic 
control in roughly 50% of patients at the expense of side 
effects (fluid retention, weight gain, nausea, and/or hirsut-
ism) [58, 59].

Somatostatin analogues, such as octreotide and lanreo-
tide, have been shown to have a variable effect on the symp-
tomatic management of insulinomas. A beneficial effect may 
be limited to insulinomas expressing somatostatin receptor-2 
[60]. Activation of such receptors mediates somatostatin- 
induced insulin suppression and glucagon release. 
Somatostatin analogues have also been shown to have an 
anti-proliferative effect and are considered first-line therapy 
in inoperable malignant insulinomas [61].

Cytotoxic chemotherapy has variable effects on tumor 
progression and symptoms. It is limited to patients with 
highly and rapidly progressive tumors given the high toxic-
ity. Novel therapies including everolimus, an mTOR inhibi-
tor, and sunitinib, a tyrosine kinase inhibitor, have been used 
in the treatment of advanced neuroendocrine tumors. 
Everolimus has been proven to stabilize advanced disease 
and to improve glycemic control but at the expense of severe 
adverse events, including severe pulmonary toxicity. 
Sunitinib is anti-angiogenic and also has anti-tumor activity. 
It has demonstrated to increase progression-free survival in 
patients with pancreatic neuroendocrine tumors. However, 
there is some evidence that it can worsen hypoglycemia so 
its utility in the treatment of  insulin-producing neuroendo-
crine tumors remains to be determined [62].

Cytoreductive therapy with ethanol, delivered through 
endoscopic ultrasonography or intraoperatively, may 
be effective for symptomatic control [63]. Ablative therapies, 
such as ethanol ablation and arterial embolization, should 
only be considered in patients with extensive disease and/or 
in  poor surgical candidates in combination with medical 
therapy, for symptomatic control only and not with curative 
intent.

Table 34.1 Calcium stimulated hepatic venous sampling showing a 
sixfold increase in venous insulin concentration in the arterial domain 
of the gastroduodenal artery at 40 seconds, corresponding to the abnor-
mal arteriogram. Stimulated insulin after concentrations in the superior 
mesenteric and splenic arteries remains flat

Venous insulin 
(mcIU/ml)

Superior 
mesenteric artery

Gastroduodenal 
artery

Splenic 
artery

Systemic insulin 20.1 9.7 7.3
Hepatic 
(baseline)

14 10 7.7

Insulin 20 s 13.8 30.7 8.2
Insulin 40 s 15.5 64.6 8.5
Insulin 60 s 12.7 44 7.8

Fig. 34.4 A 53-year-old female with endogenous hyperinsulinemic 
hypoglycemia. Arteriogram after calcium gluconate infusion into the 
superior mesenteric artery, gastroduodenal artery, and splenic artery 
reveals a vascular “blush” in the gastroduodenal artery region
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 NIPHS and Post-Bariatric Surgery 
Hypoglycemia

Most patients achieve symptomatic control with diet modifi-
cation. Reports suggest that diazoxide, acarbose, verapamil, 
and octreotide may improve hypoglycemic symptoms [64–
67]. Partial pancreatectomy is considered in those who fail 
medical therapy but has poor long-term outcomes in terms of 
symptom resolution; 90% of patients who have undergone 
extended distal pancreatectomy develop recurrence of symp-
toms [68].

In the case of post-bariatric surgery hypoglycemia, more 
aggressive therapies include enteral feeding and reversal of 
the surgical procedure. The latter has not always resulted in 
hypoglycemia resolution [69, 70].

 Non-islet Cell Tumor Hypoglycemia

Tumor resection is the mainstay treatment for non-islet cell 
tumor hypoglycemia. Other therapeutic options include 
localized anti-tumor therapy, glucagon infusion (most useful 
during acute hypoglycemia), and growth hormone at supra-
physiological doses. Octreotide has limited utility [50].

 Iatrogenic

Offending drugs should be eliminated. When insulin is used 
to treat hyperglycemia, enteral/parental feeding interruptions 
should be minimized. Hypoglycemia in the setting of under-
lying systemic disease should be rapidly identified and 
prevented.

 Future Therapies

Several potential therapies are currently being investigated 
as treatment modalities for more severe cases of endogenous 
hyperinsulinemic hypoglycemia. Most of these therapies 
have been used in very few patients, and further studies will 
be needed to prove their efficacy and assess their adverse 
event profile.

• Pasireotide is a novel multi-receptor somatostatin ana-
logue with higher affinity to somatostatin receptor-5, 
which selectively modulates insulin secretion. It has been 
used effectively for the treatment of Cushing’s disease 
and acromegaly. Significant side effects include a high 
incidence of hyperglycemia and diabetes. Two case 
reports using pasireotide have demonstrated symptomatic 
efficacy in the treatment of refractory hypoglycemia in 

malignant insulinoma. Further studies will be needed to 
assess its anti-proliferative effect [71, 72].

• Several case reports have suggested beenfit of  exendin 
(9–39), a GLP-1 receptor antagonist, which is now being 
studied as a therapy for post-bariatric surgery hypoglyce-
mia. In one small study, nine patients with recurrent 
symptomatic hypoglycemia after Roux-en-Y gastric 
bypass received exendin (9–39) during an OGTT. Exendin 
(9–39) prevented hyperinsulinemic hypoglycemia and 
improved symptoms [73].

• Nuclear therapy using peptide receptor radionucleotides 
linked to somatostatin analogues has resulted in increased 
progression-free survival for neuroendocrine tumors [74]. 
Two small case series in patients with insulinoma have 
demonstrated that this therapy may be effective in con-
trolling symptoms despite of having no effect on tumor 
progression [75, 76].

 Conclusion

Hypoglycemia is life-threatening. If neuroglycopenia is sus-
pected, a full evaluation should ensue. The diagnostic 
approach includes a 72-hour fast or a mixed meal study to 
document Whipple’s triad. Hyperinsulinemic hypoglycemia 
most commonly occurs in healthy patients, with insulinoma 
predominating as the etiology. NIPHS is a relatively newer 
clinical entity characterized by β-cell hypertrophy and hyper-
plasia. Similar pancreatic changes have also been described 
in bariatric surgery patients who develop hypoglycemia post-
operatively. In contrast, ill patients tend to have multifactorial 
hypoglycemia from an underlying systemic disease and/or 
iatrogenic factors. In both healthy and ill patients, drug-
induced hypoglycemia should be excluded. Treatment of 
hypoglycemia includes relief of neuroglycopenia. Additional 
therapies should be directed at the underlying disorder.
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Hypoglycaemia in Diabetes
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 Introduction

It is well established that intensive glucose control in patients 
with type 1 and type 2 diabetes reduces microvascular com-
plications in the long term [1, 2]. However, this continues to 
be achieved at the expense of increased risk of hypoglycae-
mia. Current insulin secretagogues or conventional subcuta-
neous insulin delivery cannot replace the physiology of the β 
cell. As a result, insulin concentrations are often inappropri-
ately raised. Hypoglycaemia thus remains a common side 
effect of diabetes treatment and one that is most feared by 
patients. Hypoglycaemia is not only an unpleasant experi-
ence but is associated with potentially serious physical and 
psychological consequences. It remains the main limiting 
factor in achieving optimal glucose control in patients with 
insulin- or sulphonylurea-treated diabetes [3]. Furthermore, 
post hoc analyses from clinical trials have suggested that 
hypoglycaemia is associated with increased mortality [4, 5].

 Definition

A clinical definition based on Whipple’s triad (decreased 
blood glucose, symptoms compatible with hypoglycaemia 
which resolves with consumption of carbohydrate) remains 
relevant in day-to-day practice [6]. Hypoglycaemia can be 
further classified according to severity, and the broad defini-
tions have been widely adopted both clinically and in 
research settings. A mild/moderate episode is one in which 

the person is able to self-treat. A severe hypoglycaemic epi-
sode is where the person requires external assistance to 
recover. It has been more difficult to agree biochemical 
thresholds for hypoglycaemia despite recent attempts [7]. 
The varying definitions and self-reported nature of hypogly-
caemic episodes have made it difficult to compare incidence 
between studies. The International Hypoglycaemia Study 
Group has recommended that a glucose concentration of 
<3.0 mmol/L (<54 mg/dL), which is considered to be clini-
cally significant biochemical hypoglycaemia, be reported in 
clinical trials [8]. Their position statement was initially 
adopted by both the ADA and EASD, but other organisations 
including the International Society for Pediatric and 
Adolescent Diabetes, Juvenile Diabetes Research 
Foundation, Advanced Technologies & Treatments for 
Diabetes and European Medicines Agency have adopted this 
new classification as well as many pharmacological 
companies.

Based on observational data, it is estimated that most 
patients with type 1 diabetes will experience 1–2 mild hypo-
glycaemic episodes per week and 1–2 episodes of severe 
hypoglycaemia per year [9]. One in ten severe episodes will 
involve contact with the emergency services. The risk of 
hypoglycaemia is lower in type 2 diabetes compared with 
type 1 diabetes, because when endogenous insulin secretion 
is relatively intact, counterregulatory responses are preserved 
(see below). A prospective study of patients attending hospi-
tal clinics in the UK has estimated the risk of severe hypo-
glycaemia at around 0.1 episodes per patient per year in 
patients taking sulphonylureas [10]. Rates of severe hypo-
glycaemia were no higher in patients with type 2 diabetes 
recently started on insulin compared to those taking sulpho-
nylureas. The incidence of hypoglycaemia is highly skewed, 
with a large number of events concentrated in a small pro-
portion of at-risk patients.
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 Morbidity and Mortality Associated 
with Hypoglycaemia

 Acute Effects of Hypoglycaemia

Even mild hypoglycaemia which leads to symptoms and 
cognitive side effects impacts the lives of patients. It has 
been estimated some individuals take around half a day to 
recover from a non-severe episode [11]. Patients who have 
suffered nocturnal hypoglycaemia are less able to function 
normally the next day [11]. Severe hypoglycaemia can lead 
to loss of consciousness and seizures resulting in physical 
injuries [12], and in the elderly, hypoglycaemic events are 
associated with increased fall-related fractures [13]. Road 
traffic accidents as a result of hypoglycaemia are relatively 
uncommon, but consequences can be lethal [12].

The number of deaths directly attributed to hypoglycae-
mia is difficult to estimate. Hypoglycaemia is often unrec-
ognised, and post-mortem changes in blood glucose can 
prevent confirmation of a suspected hypoglycaemic death. 
In young adults with type 1 diabetes, it has been estimated 
the proportion of deaths caused by hypoglycaemia is 
between 7 and 10% [14, 15], slightly lower than that associ-
ated with ketoacidosis. Death due to acute hypoglycaemia 
may be preceded by permanent brain damage and myocar-
dial or cerebral infarction or related to secondary complica-
tions due to convulsion and injury. Hypoglycaemia has also 
been linked to the “dead-in-bed syndrome”. This describes 
a scenario in type 1 diabetic patients with no macrovascular 
complications, who go to bed apparently well and are found 
dead in an undisturbed bed in the next morning [16]. 
Commonly, the cause of death cannot be established at 
autopsy, and our group have hypothesised that nocturnal 
hypoglycaemia, in vulnerable individuals, might precipitate 
fatal arrhythmias [17].

 Long-Term Effects of Hypoglycaemia

The long-term emotional consequences of hypoglycaemia 
can be devastating. The loss of control and independence 
may lead to constant fear of a hypoglycaemic episode. Many 
patients rate fear of hypoglycaemia as much as developing 
long-term complications. Risk of hypoglycaemia presents a 
major barrier to some in maintaining tight glycaemic control, 
while individuals prone to recurrent hypoglycaemia are a 
constant source of anxiety to family and carers [18].

There is ongoing debate as to whether repeated episodes 
of severe hypoglycaemia can cause cumulative deterioration 
in cognitive function. Earlier retrospective, cross-sectional 
studies suggested that recurrent severe hypoglycaemia led to 
moderate cognitive decrements [19]. However, prospective 
data from the Diabetes Control and Complications Trial 

(DCCT) showed no apparent deterioration in cognitive func-
tion in patients with recurrent hypoglycaemia over 18 years 
[20]. Several large-scale studies have highlighted a possible 
association between hypoglycaemia and dementia in elderly 
patients with type 2 diabetes [21]. However, it is difficult to 
determine the direction of causality, as cognitively impaired 
patients are also more vulnerable to hypoglycaemia.

A further controversy has recently emerged as to whether 
hypoglycaemia can increase mortality in individuals with 
type 2 diabetes. Three large-scale randomised controlled tri-
als have explored the effect of intensive glycaemic control on 
macrovascular disease, in established type 2 diabetic patients 
with cardiovascular risk. Intensive control increased the risk 
of hypoglycaemia but failed to reduce macrovascular events 
significantly in two studies [22, 23] and in the ACCORD 
study appeared to increase mortality [4]. Post hoc analyses 
reported a history of preceding hypoglycaemia as a strong 
independent predictor of death [23]. Overall mortality was 
twofold to threefold higher and cardiovascular mortality, 
threefold higher in those who have experienced hypoglycae-
mia [5, 24]. Interestingly, during trials of intensive insulin 
therapy in non-diabetic critically ill patients, the risk of death 
in patients who experienced hypoglycaemia was twofold 
higher compared to those without [25]. In the absence of a 
direct link between hypoglycaemia and death, it is not pos-
sible to confirm causality. The association might also be the 
result of confounding, in that patients experiencing hypogly-
caemia are more likely to die [5]. However, hypoglycaemia 
generates pathophysiological changes particularly those due 
to activation of the sympathoadrenal system which have the 
potential to aggravate ischemic heart disease. Experimental 
studies have shown that hypoglycaemia produces abnormali-
ties in cardiac repolarisation, reduces myocardial perfusion 
and exerts acute pro-inflammatory and pro-thrombotic 
effects [26]. In experimental studies of type 2 diabetes 
patients, the pro-thrombotic effects were not limited to the 
acute episode but extended up to 7 days after the event [27]. 
Thus, although the precise morbid effects of hypoglycaemia 
are still to be established, there is a clinical imperative in 
minimising its frequency and effects.

 Presentation

A complex hierarchy of autonomic and neuroendocrine 
defences ensures that the glucose supply to the brain (its 
prime metabolic substrate) is maintained. In a non-diabetic 
individual, pancreatic insulin secretion is suppressed when 
glucose falls to around 80 mg/dl (4.5 mmol/l) [28]. At lower 
glucose concentrations, of around 65–70  mg/d (3.6–
3.9 mmol/l), the counterregulatory hormones, glucagon and 
catecholamines are released which stimulates glycogenoly-
sis and gluconeogenesis while reducing peripheral glucose 
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uptake. However, in those with established type 1 diabetes 
(who have lost the ability to regulate release of insulin from 
the β cells), glucagon release from α cells, which is mediated 
by adjacent β cells, is progressively impaired [29]. Thus, 
within a few years of diagnosis, individuals with type 1 dia-
betes are particularly dependent on the catecholamine 
response as a primary defence against hypoglycaemia. 
During prolonged hypoglycaemia, release of cortisol and 
growth hormone may also contribute to glucose recovery, 
although release of these hormones during hypoglycaemia is 
also diminished with increased duration of disease [30] 
(Fig. 35.1).

Activation of the sympathetic neural system also contrib-
utes to the generation of peripheral symptomatic responses 
to hypoglycaemia. Early after diagnosis, adults characteristi-
cally experience tremor, palpitations, anxiety, sweating, hun-
ger and paraesthesiae at glucose concentrations of around 
65 mg/dl (3.5 mmol/l). These “autonomic” symptoms alert 
individuals and prompt them to consume carbohydrate. 
Additional symptoms (“neuroglycopenic”) generally 
develop at 50–54  mg/dl (2.8–3.0  mmol/l). These include 
confusion, drowsiness, odd behaviour, speech difficulties 
and in-coordination. Elderly patients may experience an 
additional group of neurological symptoms that can be con-
fused for a cerebrovascular event [31]. Diagnosis is usually 
straightforward where a concomitant blood glucose is mea-
sured at the time of presentation. However, patients often 
treat themselves when symptomatic before checking their 
blood glucose.

If glucose levels fall to 35 mg/dl (2 mmol/l) or below, this 
usually produces profound neurological impairment which 
may include focal and generalised seizures. Seizures are 
often mistaken for idiopathic epilepsy (and, rarely, vice 
versa) since EEG changes can be similar. In rare cases where 
blood glucose is less than <20 mg/dl (1.0 mmol/l) for a pro-
tracted period, irreversible neuronal damage can occur. 
Magnetic resonance imaging typically shows lesions in the 
cerebral cortex and hippocampus with sparing of hindbrain 
structures. Some patients may survive but remain in a persis-
tent vegetative state [32].

Symptoms of hypoglycaemia can vary between and even 
within individuals. Factors which may modulate symptoms 
and awareness include sex, age, diurnal effects, prevalent 
glycaemic control and previous hypoglycaemic episodes. In 
adults with type 1 diabetes, symptoms are often reset to 
develop at lower glucose thresholds compared to non- 
diabetic individuals, particularly in those with tight glycae-
mic control or long-duration diabetes. However, in those 
with type 2 diabetes, thresholds are often set at higher glu-
cose levels, even on occasions in the normal range (above 
70 mg/dl or 4 mmol/l) [33].

Diminished or absent warning symptoms of hypoglycae-
mia are major factors contributing to the risk of further 
severe episodes. A useful clinical “rule of thumb” is to 
describe patients whose warning symptoms develop at or 
below 55 mg/dl (3 mmol/l), around the threshold for onset of 
cognitive dysfunction, as having impaired awareness. 
Experimental studies involving non-diabetic individuals 
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Inhibition of endogenous insulin

Couterregulatory hormones:
Glucagon and epinephrine

Autonomic symptoms
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Fig. 35.1 Thresholds to 
hormonal, symptomatic and 
neurological responses to 
hypoglycaemia in non- 
diabetic adults. (Modified 
from Chap. 7 Impaired 
Awareness of Hypoglycaemia, 
p. 142, Fisher and Frier 2007 
Hypoglycemia in Clinical 
Diabetes, John Wiley and 
Sons, with permission)
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have demonstrated that counterregulatory and symptomatic 
responses to hypoglycaemia can be attenuated by antecedent 
hypoglycaemia on the previous day [34]. Some responses, 
such as sweating, may be depressed for as long as 8 days 
[35]. These observations have been confirmed in both indi-
viduals with type 1 and type 2 diabetes [36, 37]. Thus, 
patients may enter a vicious cycle where hypoglycaemia 
begets more hypoglycaemia. Subsequent studies have dem-
onstrated reduced hypoglycaemic awareness can be reversed 
(at least in part) by scrupulous avoidance of hypoglycaemia 
for 2–3 weeks although this sometimes occurred even with-
out restoration of counterregulatory hormone release 
[38–40].

 Causes of Hypoglycaemia

As described above, hypoglycaemia arises where there is an 
excess of insulin compared to circulating blood glucose. In 
the clinical situation, it is frequently possible to establish a 
contributory cause which can be assigned one of the follow-
ing categories [28]:

• Excess exogenous insulin (or insulin secretagogue)—
wrong dose, wrong time or formulation.

• Increased insulin sensitivity—e.g. nighttime, post- 
exercise, weight loss, early pregnancy.

• Decreased exogenous carbohydrate intake—e.g. missed 
meal, vomiting, fasting, malabsorption.

• Decreased endogenous glucose production—e.g. alcohol 
which depresses hepatic gluconeogenesis.

• Increased glucose utilisation—e.g. exercise.

 Nocturnal Hypoglycaemia

Nocturnal hypoglycaemia is common—in the Diabetes 
Control and Complications Trial, around half of severe epi-
sodes occurred at night [41]. In a more recent study involv-
ing adults with type 1 diabetes aiming for tight glycaemic 
targets, most participants experienced nocturnal hypoglycae-
mia with low glucose detected on 8% of nights by continu-
ous glucose monitoring [42]. Patients are less likely to be 
alerted by early/mild hypoglycaemic symptoms while asleep, 
and children in particular may go many hours without eating 
overnight. Current basal insulins are limited in their ability to 
provide continuous physiological basal replacement. Further, 
counterregulatory hormonal and symptomatic responses at 
night are reduced due to both the effect of supine posture and 
sleep. In one study, epinephrine responses were three to four 
times lower at night while asleep compared with when awake 
[43]. Studies of overnight monitoring in children with type 1 

diabetes have reported frequent, prolonged nocturnal epi-
sodes, lasting more than 3 hours [44], presumably due to the 
combined contribution of the factors identified above.

 Alcohol

Alcohol has been implicated in up to a fifth of severe hypogly-
caemic episodes requiring hospital admission [45]. Alcohol 
impairs both awareness of hypoglycaemia [46] and the ability 
of the person to self-treat due both to its inebriating effects and 
by suppressing gluconeogenesis. Alcohol also has a delayed 
effect on hypoglycaemia, often described as the “morning 
after the night before” phenomenon. Alcohol suppresses lipol-
ysis which in turn suppresses hepatic glucose output [47], an 
effect which may extend into the following day. In one study 
of adults with type 1 diabetes, alcohol doubled the risk of 
hypoglycaemia in the following 24 h [48].

 Exercise

Exercise has clear cardiovascular benefits in both types of 
diabetes and is encouraged. However, it can increase the risk 
of hypoglycaemia due to increase in insulin sensitivity and 
exercise-mediated activation of glucose utilisation in skeletal 
muscle. In non-diabetic individuals, exercise stimulates sym-
pathetic activation to inhibit insulin secretion and stimulate 
hepatic output of glucose via glycogenolysis. In insulin- 
treated diabetic patients, the prevailing insulin levels are 
independent of and cannot be suppressed by exercise [49]. 
This contributes to a fall in glucose and acute hypoglycaemia 
during exercise, but post-exercise hypoglycaemia (6–15  h 
later) is also a risk due to preferential repletion of muscle 
glycogen stores over the liver and an increase in insulin sen-
sitivity. Exercise may also blunt subsequent counterregula-
tory defences to hypoglycaemic episodes [50].

 Risk Factors for Hypoglycaemia

Much of the pathophysiology described is common to most 
individuals with diabetes, yet for some individuals, hypogly-
caemia is extremely rare, while others experience multiple, 
disruptive and severe events. The likelihood of developing 
hypoglycaemia depends upon a number of contributory fac-
tors. These include those that determine the physiological 
capacity to counterregulate and generate awareness, pharma-
cology of glucose-lowering agents, the ability of the indi-
vidual to self-manage their diabetes and recognise and treat 
hypoglycaemia as well as psychological characteristics, 
which remain poorly understood.
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 Long Duration of Diabetes

One of the most important contributors to hypoglycaemic 
risk is duration of diabetes. In an observational UK study, 
adults with a duration of type 1 diabetes for over 15 years 
were three times more likely to experience severe hypogly-
caemia compared to those with diabetes for less than 5 years 
[10]. This presumably reflects loss of beta-cell function and 
counterregulatory defences with type 1 diabetes. In advanced 
type 2 diabetes, glucagon responses to hypoglycaemia are 
also progressively impaired as patients become insulin defi-
cient [51]. The risk has been shown to be highest in those 
using insulin for over 5 years as rates of severe hypoglycae-
mia approach those of individuals with newly diagnosed 
type 1 diabetes [10].

 Hypoglycaemia Unawareness

Nearly 20% of patients with type 1 diabetes develop reduced 
awareness of hypoglycaemia, the prevalence increasing with 
duration of diabetes [52]. A recent study also suggests that 
around 10% of adults with type 2 diabetes also have diffi-
culty recognising hypoglycaemia [53]. A number of scoring 
systems have been developed to quantify awareness of hypo-
glycaemia, with the Gold [54] and Clarke scores [55] being 
the most widely adopted. Impaired hypoglycaemia aware-
ness has been shown to increase the risk of severe hypogly-
caemia by fivefold to sixfold in prospective surveys [54, 55]. 
One of the ironical consequences is that individuals with 
unawareness are often excluded from trials of new therapy 
such as insulin analogues or continuous glucose monitoring 
which have the potential to reduce the risk of 
hypoglycaemia.

 Renal Failure

Renal failure is often under-recognised as a contributor to 
hypoglycaemia. Renal failure reduces metabolism of insulin 
and clearance of metabolites of drugs such as sulphonyl-
ureas. It also affects reabsorption of filtered glucose as well 
as gluconeogenesis (the kidneys provide as much as 30% of 
glucose production due to gluconeogenesis). In type 2 diabe-
tes, it is estimated that the risk of severe hypoglycaemia is 
increased by twofold to threefold in those with eGFR <60 ml/
min 1.73 m2 [56]. Management of diabetic patients with end- 
stage renal failure on dialysis is particularly challenging. It 
usually necessitates major reductions in insulin doses and 
avoidance of sulphonylureas [57].

 Treatment Factors

Insulin and insulin secretagogues unsurprisingly are far 
more likely to cause hypoglycaemia. Insulin “sensitisers” 
such as metformin and thiazolidinones have a minimal risk 
of hypoglycaemia. In the UK Prospective Diabetes Study, 
the rate of self-reported hypoglycaemia was 0.3% in 
patients on metformin monotherapy in the first 6 years of 
diagnosis [58]. Emerging data on the incretin-based thera-
pies dipeptidyl peptidase-4 (DPP-4) inhibitors and gluca-
gon-like peptide-1 (GLP-1) analogues indicate that the risk 
of significant hypoglycaemia is also very low [59], unless 
patients are being treated concurrently with sulphonylureas 
or insulin.

It has been estimated that 39% of patients on sulphonyl-
ureas alone will experience mild hypoglycaemia and severe 
hypoglycaemia will occur in 0.8% each year [10]. The third- 
generation sulphonylureas (gliclazide, glimepiride) and 
meglitinides have a lower risk of hypoglycaemia compared 
to older drugs such as glyburide (glibenclamide), presum-
ably due to shorter duration of action. The risk is increased 
when sulphonylureas are part of combination therapy, par-
ticularly with insulin [60].

Insulin analogues have a pharmacokinetic profile that 
should lower the potential for hypoglycaemia compared to 
human insulins. The rapid-acting insulin analogues (aspart, 
lispro, glulisine) separate into single molecules more readily 
and hence are less likely to accumulate. In a meta-analysis 
comparing lispro with regular human insulin, the frequency 
of hypoglycaemia was modestly reduced (3.1% versus 4.4%) 
[61]. The first-generation long-acting analogues also confer 
a slightly lower risk for hypoglycaemia compared with iso-
phane insulins [62]. The second-generation basal insulin 
analogues have been shown to further reduce hypoglycae-
mia. Insulin degludec, as compared with insulin glargine 
100 units/ml, was associated with lower overall symptomatic 
hypoglycaemia rates in type 1 and type 2 diabetes patients 
[63, 64]. Similar benefits have been observed with insulin 
glargine 300  units/ml as compared with first-generation 
glargine 100  units/ml in adults with type 2 diabetes [65]. 
Most if not all the benefit is generally observed for nocturnal 
episodes, and troublesome nocturnal hypoglycaemia is a 
robust indication for the use of insulin analogues. Differences 
also exist according to the type of insulin regimen. In the 4 T 
study, once-daily basal insulin, when initiated in type 2 dia-
betic patients, was associated with the lowest risk of hypo-
glycaemia. The risk of hypoglycaemia was higher with 
twice-daily biphasic regimes and highest in those on 
prandial- basal regimes; however, fewer reached HbA1c tar-
gets in the biphasic group [66].
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 Psychosocial Factors

The risk of hypoglycaemia is clearly affected by the ability 
of the patient to recognise and self-treat an episode. This 
applies particularly to the elderly and cognitively impaired. 
In trials of intensive glycaemic control in type 2 diabetes, 
patients with cognitive impairment were at higher risk of 
hypoglycaemia requiring assistance [67], and similar find-
ings have been reported in community studies [68]. In a 
German study, one-third of type 2 diabetic patients who 
experienced severe hypoglycaemia lived in a nursing home 
or were cared for by a home care service [69]. Patients with 
type 2 diabetes are more likely to require hospital care for 
hypoglycaemia compared with type 1 diabetic patients.

Probably one of the most important and least studied con-
tributing areas is the contribution of psychological factors 
which drive patients to maintain tight glycaemic targets 
despite the obvious risks even in those with major recurrent 
episodes [70]. There is some evidence that identifying these 
factors and addressing them specifically can reduce hypogly-
caemic risk. However, much further work needs to be under-
taken in understanding this important area and developing 
interventions to address it.

 Clinical Assessment

Assessment of hypoglycaemia should be a part of every dia-
betes review. The clinician should establish (1) the frequency 
and nature of hypoglycaemic episodes and (2) the overall 
risk of hypoglycaemia. Fig.  35.2 illustrates key points to 
clinical assessment. Part of this should include their daily 
insulin administration routine. The timing of prandial doses 
is important. Delayed or missed meals can result in the peak 
of insulin action coinciding with having little food in the sys-
tem. Alternatively, patients who prefer to inject postprandi-
ally may experience episodes if the insulin peaks in the 
post-absorptive phase. Recurrent hypoglycaemia can also 
occur if patients administer boluses of short-acting insulin 
too close together, sometimes known as insulin “stacking”. 
This tends to occur where patients over-correct high glucose 
values by repeated insulin boluses and is a particular concern 
in those using insulin pumps. Injecting into areas of lipohy-
pertrophy can lead to unpredictable absorption.

Hypoglycaemia awareness should be assessed (Fig. 35.2), 
and corroboration from a relative or partner is often useful 
[71]. Diabetes duration, treatment regime and overall glycae-
mic control will help to determine a patient’s risk of hypo-
glycaemia. However, if there is a sudden increase in 
hypoglycaemia that appears out of proportion to the diabetes 
history, other medical causes should be sought such as renal 
failure, hepatic failure, malabsorption, hyperthyroidism or 

adrenal insufficiency. Certain drugs can also increase the 
potential for hypoglycaemia on their own or through interac-
tions with glucose-lowering agents (Fig. 35.2).

 Management

 Treatment of Acute Hypoglycaemia

All episodes of hypoglycaemia should be treated promptly. 
Mild hypoglycaemic episodes in a conscious, cooperative 
patient can be easily treated by rapid-acting carbohydrate 
(15–20 g). Fig. 35.3 lists some examples of suitable treat-
ments that are accessible and portable. Patients are often 
tempted to “over-treat” hypoglycaemia with excessive car-
bohydrate, but this can lead to rebound hyperglycaemia and 
worsen glucose control. Rapid-acting carbohydrate should 
be repeated if blood glucose remains low, and patients should 
be instructed to check their blood glucose 10–15 min later. 

Clinical information:
Type 1 or 2 diabetes
Duration of diabetes
Duration of insulin treatment
Hypoglycemic potential of diabetic treatment: insulin/sulphonylureas
(high) vs metformin/DPP-4 inhibitors/GLP-1
analogues/thiazolediones (low)
Other drugs (e.g. quinine, trimethoprim, salicylates)
Psychosocial risk factors e.g. living alone, cognitive impairment

Enquire:
Hypoglycemia
- Frequency
- Severity: self-treated, requiring assistance of family or paramedics
- Timing: nocturnal, relation to meals, exercise, alcohol
Review glucose monitoring diary

Assess hypoglycemia awareness: 
- At what blood sugar level do you start noticing symptoms of hypos?
- Have there been times when your blood sugar is below 3mmol
without any warnings?
- Are there episodes of hypoglycemia that others have noticed before
you?

Impact of hypoglycemia on lifestyle:
Driving, high-risk occupations
Explore fear/anxiety surrounding hypoglycemia

Examine:
Injection site for lipohypertrophy

Laboratory tests:
Renal function
Liver function
Consider the following if unexplained increase in hypoglycemia
Thyroid function test
9am cortisol or short synacthen test
Coeliac screen
Insulin binding antibodies  

Fig. 35.2 Clinical assessment of patients with hypoglycaemia
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Once blood glucose is restored to the normal range, this 
should be followed up with long-acting carbohydrate if a 
meal is not due within 1 h. In patients who are un- cooperative 
but able to swallow, oral glucose gels can be used. 
Unconscious patients should be treated with intramuscular 
glucagon or intravenous glucose with repeated doses of 10% 
glucose solution now replacing the injection of 50% glucose 
which was particularly likely to cause thrombophlebitis. In 
patients who are malnourished or alcohol-dependent, liver 
glycogen stores are depleted, and glucagon may be ineffec-
tive. Intravenous glucose is preferable if venous access is 
available.

 Prevention of Hypoglycaemia

It is clearly important to avoid recurrent hypoglycaemic epi-
sodes, and a previous history of hypoglycaemia strongly pre-
dicts future risk [72]. Education is the key to effective 
self-management. In type 2 diabetes, a review of treatment 
regimens and glycaemic targets can reduce hypoglycaemia 
in many cases. In type 1 diabetes patients with long disease 
duration and multiple risk factors, a combination of strate-
gies, including the use of newer insulin delivery/glucose 
monitoring technologies, may be required, such as low glu-
cose suspend pumps.

 Education

Many cases of hypoglycaemia are attributed to errors in insu-
lin usage (see above) and can be addressed by educating 
patients about the correct time and site of insulin administra-
tion. Specific strategies may be adopted to reduce hypogly-
caemia associated with alcohol and exercise. Patients should 
have sufficient carbohydrate prior to alcohol, and insulin 
may need to be reduced. The effect of exercise on glucose is 
affected by the duration and intensity of physical activity, 
and often a suitable regimen can only be determined with 
trial and error. Patients may need to consume extra carbohy-
drate prior to exercise to allow for a margin for glucose to 
fall. Rapid-acting or background insulin may need to be 
reduced depending on their exercise regime. Patients should 
also avoid exercising at the peak of insulin action and inject-
ing in the exercising muscle.

Structured education programmes that integrate educa-
tion on carbohydrate estimation and insulin dose adjustment, 
as well as hypoglycaemia advice, can make a major differ-
ence to reducing hypoglycaemia. The Insulin Treatment and 
Training Programmes developed in Germany and its British 
adaptation, the Dose Adjustment for Normal Eating 
(DAFNE) programme, offering flexible insulin training for 
type 1 diabetic patients, have reported reduced rates of severe 
hypoglycaemia [73] and improved hypoglycaemia recogni-
tion in nearly half of those who were unaware [74]. Blood 
Glucose Awareness Training (BGAT) has been shown to 
reduce severe hypoglycaemic episodes through teaching 
patients to identify their individual symptoms (internal cues) 
and how to anticipate blood glucose extremes based on food, 
exercise and insulin regimes (external cues) [75]. It may also 
owe its success at least in part to the training in self- 
management which accompanies it. The psychological 
effects of hypoglycaemia are complex and to successfully 
prevent hypoglycaemia require a multifaceted approach. 
Biopsychosocial interventions such as the HyPOS pro-
gramme, which addresses dysfunctional beliefs about the 
causes and consequences of hypoglycaemia, have also been 
effective [76].

 Individualised Glycaemic Targets

There is a consistent relationship between intensive glycae-
mic targets and increased risk of hypoglycaemia in clinical 
trials [77], although the relationship is less clear in observa-
tional studies of clinical practice [72]. The risk and benefits 
of intensive glycaemic control in preventing complications 
versus risk of hypoglycaemia need to be weighed for indi-
vidual patients and discussed with them. The American 

Immediate management of acute hypoglycemia

• Conscious, co-operative, able to swallow
  15-20 g rapid acting carbohydrate
  e.g. 150-200ml pure fruit juice
   90-120ml Lucozade
   5-6 glucose tablets
   3-4 heaped teaspoons of sugar

• Conscious, uncooperative, still able to swallow
  1.5-2 tubes oral dextrose gel

• Unconscious, seizures
  Glucagon 1mg IM
   or
  10% Dextrose IV (150ml) or 20% dextrose IV
  (75ml) over 10-15min

Repeat rapid acting glucose if blood  glucose less
than 70mg/dL (<4mmol/l) after 15 minutes. Seek
further medical help if blood glucose remains low
after 3 cycles.

Recovery:
• Follow up with long acting carbohydrate (e.g. 2
 biscuits, 1 slice of toast) unless meal within 1
 hour
• Review diabetic treatment regime

Fig. 35.3 Acute management of diabetic hypoglycaemia
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Diabetes Association and European Association for the 
Study of Diabetes have advocated an individualised approach 
to glycaemic targets [78]. A HbA1c of <7% remains the rec-
ommended goal for the majority of patients. However, in 
those with a history of severe hypoglycaemia, limited life 
expectancy, extensive comorbidities and glucose targets 
which result in HbA1c concentrations of 7.5–8% may be 
safer and more appropriate [78, 79].

 Glucose-Lowering Agents with Lower 
Hypoglycaemic Potential

The choice of treatment regimen should also involve a risk- 
benefit assessment. In patients with type 2 diabetes, hypogly-
caemic risk can be lowered through the use of insulin 
sensitisers and incretin-based therapies as opposed to insulin 
secretagogues. Clinicians should be cautious when introduc-
ing add-on therapy as the risk is cumulative. Dose reductions 
may be necessary, and some agents, particularly sulphonyl-
ureas, may need to be stopped. Switching to analogue insu-
lins can also reduce the risk of hypoglycaemia particularly at 
night. The second-generation analogue insulins have been 
associated with a further risk reduction in hypoglycaemia, 
particularly at night [63–65]. Analogue insulins may not be 
cost-effective in all patients, but are indicated in those at high 
risk of hypoglycaemia.

 Continuous Subcutaneous Insulin Therapy

Continuous subcutaneous insulin therapy (CSII) has the 
advantage over multiple daily injections in its ability to vary 
basal insulin delivery rates over short intervals. This may be 
particularly useful in the management of nocturnal hypogly-
caemia. Basal rates can be reduced in the early hours of the 
morning when risk is the highest. Some early studies reported 
surprisingly little effect on hypoglycaemia, perhaps because 
of a failure to train patients in the essential related skills of 
carbohydrate and insulin dose adjustment. In a recent meta- 
analysis of CSII versus standard multiple daily injections in 
individuals reporting hypoglycaemic problems, CSII reduced 
severe hypoglycaemia by threefold to fourfold [80].

 Continuous Glucose Monitoring

Continuous glucose monitoring (CGM) has emerged as an 
alternative technology to conventional self-monitoring of 
blood glucose (SMBG). Most CGM systems measure inter-
stitial glucose every few minutes via a subcutaneous sensor 
which displays the prevalent glucose via a portable device or 
mobile phone. There are various forms of CGM, blinded or 

professional CGM, where the profiles may be available for 
retrospective review and treatment adjustment by healthcare 
professionals. Flash, or intermittently scanned (isCGM), dis-
plays current sensor glucose values only upon scanning of 
the reader, but without predictive alerts or alarms. Full real- 
time CGM systems (rtCGM) will display sensor glucose val-
ues continuously and activate alarms when the glucose falls 
too low or is too high. Furthermore, these devices contain 
predictive algorithms which can warn patients of impending 
hypoglycaemia or hyperglycaemia. In the randomised con-
trolled study to evaluate the Impact of Novel Glucose Sensing 
Technology on Hypoglycaemia in Type 1 Diabetes (IMPACT) 
trial, use of the isCGM system was associated with a 38% 
reduction in the time spent in hypoglycaemia [81]. A recent 
randomised controlled trial using a crossover design evalu-
ated the impact of rtCGM versus SMBG use in T1D patients 
with impaired hypoglycaemia awareness and found that 
rtCGM use significantly reduced severe hypoglycaemia in 
this high-risk population [82]. There are also inherent limita-
tions in CGM technology. There is a lag between interstitial 
and blood glucose which is exaggerated during rapid glucose 
fluctuations. CGM also has lower accuracy in the extreme 
hypoglycaemic range. As with any technology, effectiveness 
of CGM relies heavily on patient adherence and sensor use 
[83] and so may be most useful in motivated patients.

 Sensor-Augmented Pumps and Closed-Loop 
Systems

Insulin pump devices have been combined with rtCGM mon-
itoring systems in the form of sensor-augmented pump 
(SAP) systems. In the STAR-3 study where SAP were com-
pared with multiple daily injections and conventional blood 
glucose monitoring, overall HbA1c was improved with SAP, 
but rates of severe hypoglycaemia were not significantly dif-
ferent [84]. The “low glucose suspend” technology, such that 
basal insulin is automatically suspended when interstitial 
glucose falls below a defined threshold, has shown encourag-
ing results in reducing the duration and severity of hypogly-
caemia at night [85] and throughout the day [86].

The holy grail of insulin delivery systems, or the “artifi-
cial pancreas”, is one which can automatically adjust rates of 
insulin delivery based on real-time glucose values. Earlier 
closed-loop systems have been compared against CSII in 
randomised controlled trial in children and adolescents, 
where time spent in hypoglycaemia was halved [87]. The 
first hybrid closed-loop system which automatically adjusts 
basal insulin based on CGM glucose was approved by FDA 
in 2016, with several other systems under development. In 
clinical trials, closed-loop systems have been shown to 
reduce hypoglycaemia and increase time in range (3.9–
10 mmol/L) from 60 to 67% [88]. The next challenge is the 
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fully automated closed loop, which is capable of automating 
meal-time insulin and changes relating to exercise.

Hypoglycaemia in type 1 diabetes is not only the conse-
quence of iatrogenic hyperinsulinaemia but is also a conse-
quence of defective glucagon counterregulation. Bihormonal 
pumps are currently in development which can not only 
switch off insulin but also release glucagon in the event of 
low glucose. A bihormonal closed-loop system has been 
tested in six patients with type 1 diabetes without any endog-
enous insulin secretion, which showed minimal hypoglycae-
mia throughout the 2-day use, even following exercise [89]. 
A larger trial of 43 type 1 diabetes showed lower rates of 
CGM glucose <3.3 mmol (0.6% versus 1.9%) while on the 
bionic pancreas during home use for a period of 11  days 
[90]. Clearly, new insulin delivery/glucose sensing technolo-
gies offer promising solutions to preventing hypoglycaemia, 
although most still require patient input and collaboration, 
dealing with alarms and wearable components, and will not 
be the answer for all.

 Islet Cell and Pancreatic Transplant

Islet cell transplantation is a treatment option in type 1 dia-
betic patients who suffer disabling hypoglycaemia despite 
best medical therapy. Pancreatic transplantation has been 
practiced since the 1960s. However, successful islet trans-
plantation has only recently been possible following refined 
cell isolation and immunosuppression protocols pioneered 
by the Edmonton group [91]. Islet cell transplantation 
restores the major physiological defence of automatic inhibi-
tion of endogenous insulin and may also restore glucagon 
secretion during hypoglycaemia, at least in part [92]. 
Although one of the benefits of islet cell transplantation is 
insulin independence, the benefits of protection from severe 
hypoglycaemia even apply to those who remain insulin 
dependent. Based on data from the UK programme, it is esti-
mated that 90%, 75% and 50% of transplanted patients will 
be free from severe hypoglycaemia at 1, 3 and 5  years, 
respectively [93]. Pancreatic transplantation can offer similar 
protection from hypoglycaemia and higher rates of insulin 
independence, but the operation carries greater morbidity 
and mortality.

 Lifestyle Implications

The risk of hypoglycaemia in individuals with diabetes has 
led to major restrictions on different aspects of their lives, 
including employment, recreational and daily activities. One 
key restriction concerns driving. Studies employing driving 
simulators have reported impaired performance on certain 
components such as braking and speeding at glucose levels 

as high as 70 mg/dl (4 mmol/l) in those with type 1 diabetes. 
Participants were also slow to recognise and correct a low 
glucose [94]. Current guidance recommends that patients 
should always check their blood glucose to be a minimum of 
90  mg/dl (5  mmol/l) or above before driving [94]. Rapid- 
acting and more substantial carbohydrate should always be 
available in the vehicle. For longer journeys, glucose should 
be checked two hourly. If patients experience hypoglycaemia 
while driving, in the UK, they are required to remove them-
selves from the driver’s seat and not drive for 45 min after 
glucose levels are restored to allow for full recovery of cog-
nitive function. In patients who have experienced recurrent 
severe hypoglycaemia or absent hypoglycaemia awareness, 
patients are required to inform vehicle licencing authorities, 
who will generally withdraw their driving licence. It is the 
responsibility of the clinician to make an assessment of fit-
ness to drive and advise patients to inform the vehicle licenc-
ing authorities as appropriate.

 Conclusion

Hypoglycaemia is a common and major side effect of insulin 
and sulphonylurea treatment that remains a formidable bar-
rier to optimal glucose control, even in the modern era of 
intensive glycaemic therapy. Physical and psychological 
consequences of hypoglycaemia are substantial for patients 
and their families, which extend beyond the acute episode. 
The burden of hypoglycaemia in elderly patients with type 2 
diabetes is also considerable.

A recent focus in developing agents with lower hypogly-
caemic potential may benefit individuals with type 2 diabe-
tes. For people with type 1 diabetes, technological advances 
have begun to enable better detection of hypoglycaemia and 
more physiological replacement of insulin and/or other 
counterregulatory hormones, although the technology is 
expensive and not available to all. There will be a time when 
hypoglycaemia will no longer figure so prominently in the 
lives of individuals with diabetes. However, as we approach 
100 years after the discovery of insulin, it remains a major 
side effect of treatment and arguably is the major factor pre-
venting those with insulin-treated diabetes from achieving 
glucose targets.
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The Diabetic Neuropathies
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 Introduction

The diabetic neuropathies are heterogeneous disorders which 
present with variable clinical manifestations affecting differ-
ent parts of the nervous system [1] (Table 36.1). Involvement 
of the peripheral and autonomic nervous systems is probably 
the most common complication of diabetes. The duration 
and severity of hyperglycemia are major risk factors for the 
development of diabetic neuropathy in patients with type 1 
or type 2 diabetes [2]. The UK Prospective Diabetes Study 
showed that other factors, including dyslipidemia and hyper-
tension as part of the metabolic syndrome, are instrumental 
in the onset and progression of diabetic neuropathy in 
patients with type 2 diabetes [3].

The pathogenesis of the diabetic neuropathy is complex. 
The implicated metabolic factors include the following: 
accumulation of advanced glycosylation end products, accu-
mulation of sorbitol, disruption of the hexosamine pathway, 
disruption of the protein kinase C pathway, activation of the 
poly(ADP-ribose) polymerase pathway, and increased oxi-
dative stress. This occurs in a fiber-selective pattern that pref-
erentially affects distal sensory and autonomic fibers, leading 
to the progressive loss of sensation that underlies the clinical 
manifestations of diabetic polyneuropathy [4].

Clinical diabetic neuropathy is categorized into distinct 
syndromes according to the neurologic distribution. There 
are many forms of diabetic neuropathy including symmet-
ric polyneuropathy, autonomic neuropathy, radiculopathies, 
and focal and multifocal neuropathies. Clinical and subclini-

cal neuropathy has been estimated to occur in 10–100% of 
diabetic patients, depending upon the diagnostic criteria and 
patient populations examined. Prevalence is a function of 
disease duration, about 50% of patients with diabetes will 
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Table 36.1 Classification of diabetic neuropathy

Diabetic neuropathies
Diffuse neuropathy
DSPN (distal symmetric polyneuropathy)
   Primarily small-fiber neuropathy
   Primarily large-fiber neuropathy
   Mixed small-and large-fiber neuropathy (most common)
Autonomic
   Cardiovascular
    Reduced HRV
    Resting tachycardia
    Orthostatic hypotension
    Sudden death (malignant arrhythmia)
   Gastrointestinal
    Diabetic gastroparesis (gastropathy)
    Diabetic enteropathy
    Colonic hypomotility (constipation)
   Urogenital
    Diabetic cystopathy (neurogenic bladder)
    Erectile dysfunction
    Female sexual dysfunction
   Sudomotor dysfunction
    Distal hypohidrosis/anhidrosis
    Gustatory sweating
   Hypoglycemia unawareness
   Abnormal pupillary function
Mononeuropathy (mononeuritis multiplex) (atypical forms)
   Isolated cranial or peripheral nerve (e.g., CN III, ulnar, femoral, 

peroneal)
   Mononeuritis multiplex (if confluent may resemble 

polyneuropathy)
Radiculopathy or polyradiculopathy (atypical forms)
   Radiculoplexus neuropathy (aka lumbosacral polyradiculopathy, 

proximal motor amyotrophy)
   Thoracic radiculopathy
Nondiabetic neuropathies common in diabetes
   Pressure palsies
   Chronic inflammatory demyelinating polyneuropathy
   Radiculoplexus neuropathy
   Acute painful small-fiber neuropathies (treatment-induced)
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develop neuropathy, and about 25% of those patients will 
experience no pain at all [5]. Most common among the neu-
ropathies are chronic sensorimotor distal symmetric polyneu-
ropathy [1]. The chronic sensorimotor distal polyneuropathy 
represents a diffuse symmetric and length- dependent injury 
to peripheral nerves that has major implications on quality 
of life, morbidity, and costs from a public health perspec-
tive [1, 6]. Diabetic neuropathy can affect any part of the 
nervous system. Painful diabetic neuropathy (PDN) affects 
16% of patients with diabetes, and it is frequently unreported 
(12.5%) and more frequently untreated (39%) [7].

Diabetic neuropathy should be suspected in all patients 
with type 2 diabetes and in patients who have had type 1 
diabetes for more than 5 years [2]. In some instances, patients 
with diabetic neuropathy have few complaints, but their 
physical examination reveals mild to moderately severe sen-
sory loss [1, 2]. Ten to eighteen percent of patients have evi-
dence of nerve damage at the time their diabetes is diagnosed, 
suggesting that even early impairment of glucose handling, 
classified as prediabetes, may be associated with neuropathy. 
Up to 50% of diabetic peripheral neuropathies may be 
asymptomatic. If not recognized and if preventive foot care 
is not implemented, patients are at risk for injuries to their 
insensate feet [8].

The early recognition and appropriate management of 
neuropathy in the patient with diabetes are important for sev-
eral reasons, nondiabetic neuropathies may be present in dia-
betic patients, a number of treatment options exist for 
symptomatic diabetic neuropathy, autonomic neuropathy 
may involve every system in the body, and autonomic neu-
ropathy may cause substantial morbidity and increased mor-
tality, particularly if cardiovascular autonomic neuropathy is 
present. Because >80% of amputations follow a foot ulcer or 
injury, early recognition of at-risk patients and providing 
education and appropriate care may reduce ulceration and 
amputation [1, 8].

 Distal Symmetric Polyneuropathy

This is the most common presentation of neuropathy in the 
diabetic patient, accounting for about 75% of diabetic neu-
ropathies [8]. The DCCT/EDIC suggests that DSPN occurs 
in at least 20% of people with type 1 diabetes after 20 years 
of disease duration and 10–15% of newly diagnosed patients 
with type 2 diabetes, with rates increasing to 50% after 
10 years of disease duration [9]. There is emerging evidence 
that DSPN, especially the painful small-fiber neuropathy 
subtype, may be present in 10–30% of subjects with impaired 
glucose tolerance, also known as prediabetes [10] or meta-
bolic syndrome [11]. Up to 50% of patients may experience 
symptoms. Patients may not volunteer symptoms but on 
inquiry admit that feet feel numb or dead. Patients with pre-

diabetes may present with intense painful feet. The diabetic 
polyneuropathy is frequently insidious in onset and can lead 
to formation of foot ulcers and muscle and joint disease and 
is the most important cause of Charcot neuropathy (CN).

The more advanced small- and large-fiber dysfunction, 
with loss of sensory, proprioception, temperature discrimi-
nation, and pain, all are also a contributor to fall and frac-
tures [12].

 When to Suspect and Main Characteristics 
of Diabetic Polyneuropathy

Diabetic neuropathy should be suspected in any patient with 
type 1 diabetes for more than 5 years in duration and in all 
patients with type 2 diabetes. In patients with prediabetes 
presenting with “idiopathic” painful neuropathy, diabetic 
neuropathy should be suspected [1, 2]. Risk factors to DSPN 
are glycemia, height (perhaps as a proxy for nerve length), 
smoking, blood pressure, weight, and lipid measures [8].

Symptoms vary according to the class of sensory fibers 
involved (Table  36.2). The most common early symptoms 
are induced by the involvement of small fibers and include 
pain and dysesthesias (unpleasant sensations of burning) [9]. 
Neuropathic pain may be the first symptom that prompts 
patients to seek medical care and is present in up to 25% of 
individuals with DSPN measures [8].

The diabetic polyneuropathy can be defined as the pres-
ence of symptoms and/or signs of peripheral nerve dys-
function in people with diabetes after exclusion of other 
causes [9]. The neuropathy pain is typically worse at night, 
and symptoms are most commonly experienced in the feet 
more than calves and lower limbs, although in some cases 
the hands may be affected. The physical examination may 
be helpful and usually reveals sensory loss of vibration, 
pain, temperature perception, and loss of deep tendon 
reflexes [10].

Table 36.2 Symptoms and signs of DSPN

Large myelinated 
nerve fibers Small myelinated fibers

Function Pressure, balance Nociception, protective 
sensation

Symptoma Numbness, tingling, 
poor balance

Pain: burning, electric 
shocks, stabbing

Examination 
(clinically 
diagnostic)

Ankle reflexes: 
reduced/absent
Vibration perception: 
reduced/absent
10-g monofilament: 
reduced/absent
Proprioception: 
reduced/absent

Thermal (cold/hot) 
discrimination: reduced/
absentb

Pinprick sensation: 
reduced/absentb

aTo document the presence of symptoms for diagnosis
bDocumented in symmetrical, distal to proximal pattern
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The diabetic patients should be screened annually 
(Table 36.3) by examining pinprick, temperature (small-fiber 
function) and vibration perception (using a 128 Hz tuning 
fork), 10 g monofilament pressure sensation at the distal hal-
luces and ankle reflexes (large-fiber function). Combinations 
of more than one test have 87% sensitivity in detecting poly-
neuropathy. Loss of 10  g monofilament perception and 
reduced vibration perception predict foot ulcers [1, 10]. The 
feet should be examined for ulcers, calluses, and deformities, 
and footwear should be inspected.

The diagnosis of diabetic polyneuropathy is based on the 
interpretation of a constellation of symptoms and signs such 
as loss of vibratory or light touch sensation and reduced or 
absent ankle tendon reflexes [1, 11]. The symptoms most fre-
quently found are burning pain, electrical or stabbing sensa-
tions, paresthesia, or dysesthesias in the lower extremities. 
Accurate assessment of symptoms in diabetic neuropathy is 
known to be difficult. Symptoms do not always indicate 
underlying neuropathy, as absence of symptoms should 
never be assumed to indicate an absence of signs. Therefore, 
we should rely on clinical signs to diagnose diabetic neu-
ropathy. Confirmation can be made with and quantitative 
electrophysiology [11] (Table 36.4).

 Screening Tests

The need to identify simplified criteria has resulted in the 
development of at least two simple screening test scores: one 
is the UK screening score (Table 36.5) [12] and the other is 
the Michigan screening score (Table 36.6) [13].

In the UK score, the peripheral neuropathy is considered 
to be present if there are moderate or severe signs (≥6 points), 

Table 36.3 Symptoms of diabetic neuropathy

Sensorimotor neuropathy
   Muscular symptoms: muscle weakness (not fatigue), atrophy, 

balance problems, ataxic gait
   Sensory symptoms: pain, paresthesia, numbness, paralysis, 

cramping, nighttime falls, antalgic gait
Autonomic neuropathy
   Cardiovascular symptoms: exercise intolerance, fatigue, sustained 

heart rate, syncope, dizziness, lightheadedness, balance problems
   Gastrointestinal symptoms: dysphagia, bloating, nausea and 

vomiting, diarrhea, constipation, loss of bowel control
   Genitourinary symptoms: loss of bladder control, urinary tract 

infection, urinary frequency or dribbling, erectile dysfunction, loss 
of libido, dyspareunia, vaginal dryness, anorgasmia

   Sudomotor (sweat glands) symptoms: pruritus, dry skin, limb hair 
loss, calluses, reddened areas

   Endocrine symptoms: hypoglycemic unawareness
   Other symptoms: difficulty driving at night, depression, anxiety, 

sleep disorders, cognitive changes

Table 36.4 Evaluation for diabetic neuropathy

History
   Screen for symptoms of diabetic neuropathy (see also Table 36.3)
   Review diabetes history, disease management, daily glycemic 

records, and previous hemoglobin A1C levels
   Identify any family history of diabetes or neuropathy
   Review medication history (including use of over-the-counter 

products and herbal or homeopathic products) and environmental 
exposures

   Review for other causes of neuropathy, including vitamin B12 
deficiency, alcoholism, toxic exposures, medications, cancers, and 
autoimmune disease

Physical examination
   Vital signs and pain index
   Supine and standing blood pressure for postural hypotension
   Cardiovascular examination to look for arrhythmias, absent or 

diminished pulses, edema, or delayed capillary refilling
   Cutaneous examination to look for extremity hair loss, skin or nail 

changes (including callus), and pretrophic (red) areas, especially 
between toes

   Neurologic examination using the 5.07 Semmes-Weinstein (10-g) 
nylon filament test (10-g monofilament test)

   Inspection of feet for asymmetry, loss of arch height, or hammer 
toes

   Evaluation of all positive screening findings

Table 36.5 UK screening score [12]

Symptoms
What is the sensation felt? Maximum is 2 points
   Burning, numbness, or tingling in the feet (2 points);
   Fatigue, cramping, or aching (1 point)
What is the location of symptoms? Maximum is 2 points
   Feet (2 points)
   Calves (1 points)
   Elsewhere (0 points)
Have the symptoms ever awakened you at night?
   Yes (1 point)
What is the timing of symptoms? Maximum is 2 points
   Worse at night (2 points)
   Present day and night (1 point)
   Present only during the day (0 points)
How are symptoms relieved? Maximum is 2 points
   Walking around (2 points)
   Standing (1 point)
   Sitting or lying or no relief (0 points)

0–2 points, normal; 3–4 points, mild neuropathy; 5–6 points, moderate 
neuropathy; 7–9 points, severe neuropathy

Table 36.6 Michigan neuropathy screening score [13]

Do the feet show dry skin, callus, fissure, infection, or deformities?
The presence of any of these indicators of neuropathy is scored as 1 
point, and an additional point is added if an ulcer is present
What is the vibration sense on the dorsum of the great toes?
Reduced (0, 5 points); absent (1 point)
What is the Achilles tendon reflex?
Absent (1 point); present with reinforcement (0, 5 points)

>2 points—neuropathy

36 The Diabetic Neuropathies
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even in the absence of symptoms, or if there are at least mild 
signs (≥3 points) in the presence of moderate symptoms (≥5 
points). A neurologic sign score of 8 or more indicates that 
the patent’s feet are at high risk for ulceration.

 Differential Diagnosis

Other causes of neuropathy in a diabetic patient should be 
considered if there is any aspect of history or clinical presen-
tation suggesting features atypical of diabetic neuropathy.

The chronic inflammatory demyelinating polyneuropathy 
and neuropathy due to vitamin B12 deficiency, hypothyroid-
ism, and uremia occur more frequently in patients with dia-
betes than in the general population [1, 14].

 Acute Sensory Neuropathy and How 
to Distinguish from Chronic Sensorimotor 
Diabetic Polyneuropathy

Acute sensory neuropathy may occur after periods of poor 
metabolic control (e.g., ketoacidosis) or sudden change in 
glycemic control, also called insulin neuritis [15]. It presents 
few signs on physical examination. It is a rare condition and 
is characterized by the acute onset of severe sensory symp-
toms with marked nocturnal exacerbation [15]. There are 
other types of acute diabetic neuropathy, diabetic neuro-
pathic cachexia and diabetic anorexia, when severe weight 
loss unintended and intentional, respectively, occurs [1].

 Treatment

There are three main elements in the treatment of diabetic 
polyneuropathy: glycemic control, foot care, and treatment 
of pain.

 The Role of Glycemic Control

The Diabetes Control and Complications Trial (DCCT) has 
shown that in type 1 diabetic patients, the risk of diabetic 
polyneuropathy and autonomic neuropathy can be reduced 
with improved blood glucose control [1, 2]. The occurrence 
of diabetic neuropathy was reduced by 60% over a 10-year 
period with rigorous blood glucose control. Similar findings 
were noted in the Stockholm Diabetes Intervention Study 
[16, 17]. The importance of glycemic control in type 2 dia-
betic patients is less strong.

The importance of intensive control glycemic in estab-
lished neuropathy is unclear. Uncontrolled studies suggest 

that neuropathy symptoms may improve with intensive anti-
diabetic therapy [15–18]. Although controlled trial evidence 
is lacking, several observational studies suggest that neuro-
pathic symptoms improve not only with optimization of con-
trol but also with the avoidance of extreme blood glucose 
fluctuations [1, 16].

 Lifestyle Modifications

The Italian supervised treadmill study and the University of 
Utah type 2 diabetes study, recently reports nerve fiber 
regeneration in patients with type 2 diabetes engaged an 
exercise program compared with loss of nerve fibers in those 
who only followed standard of care [19]. The Diabetes 
Prevention Program (DPP) reported benefits of lifestyle 
intervention on measures of autonomic cardiovascular and 
DSNP; this trial did not include subjects with established 
diabetes [8].

 Foot Care

Once a patient has diabetic neuropathy, foot care is even 
more important to prevent ulceration, infection, and ampu-
tation. The lifetime risk of a foot ulcer for diabetic patients 
may be as high as 25% [20]. The diabetic patients need to 
inspect their feet for the presence of dry or cracking skin, 
fissures, plantar callus formation, and signs of early infec-
tion between the toes and around the toe nails. Foot ampu-
tations are an important cause of morbidity in patients with 
diabetes mellitus [19, 20]. Several risk factors are predic-
tive of ulcers and amputation. Foot amputations are pre-
ventable with early recognition and therapy of risk factors. 
The most important are previous foot ulceration, sensitive 
neuropathy (it promotes ulcer formation by decreasing pain 
sensation and perception of pressure), foot deformity, and 
vascular disease [16, 20]. Other factors have to be consid-
ered such as duration of diabetes, glycemic control, pres-
ence of claudication, and history of cigarette smoking. 
Systematic screening examinations for neuropathic and 
vascular involvement of the lower extremities and careful 
inspection of feet may substantially reduce morbidity from 
foot problems [1, 16].

 Pathogenetic Therapies

There remains a lack of treatment options that effectively 
target the natural history of DSNP once established. The 
evidence from randomized clinical trials is very limited 
[1, 21].
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 Painful Diabetic Neuropathy

Only a small fraction of patients with diabetic polyneuropa-
thy have painful symptoms. There are many treatment 
options available; however, before initiating therapy, it is 
important to confirm that the pain is due to diabetic polyneu-
ropathy. A disc lesion should be considered if the pain has 
development in relation to recent trauma or its onset is 
abrupt. Peripheral vascular disease should be considered [1, 
21, 22].

A rational approach to treating the patient with painful 
diabetic neuropathy requires a systematic, stepwise approach. 
There are pharmacological and nonpharmacological thera-
pies to reduce pain and improve physical function [23].

The pharmacological agents include anticonvulsants, 
antidepressants, opioids, anti-arrhythmics, cannabinoids, 
cannabinoids, aldose reductase inhibitors, protein kinase C 
beta inhibitors, antioxidants (alpha-lipoic acid), transketo-
lase activators (thiamines and allithiamines), and topical 
medications (analgesic patches, anesthetic patches, capsa-
icin cream, clonidine) [1, 22–25] (Table 36.7).

Pregabalin and duloxetine have received regulatory 
approval for the treatment of neuropathic pain in diabetes by 
the US Food and Drug Administration (FDA), Health 
Canada, and the European Medicines Agency. The opioid, 
tapentadol, has regulatory approval in the USA and Canada, 
but the evidence of its use is weaker [26].

The nonpharmacologic modalities are infrared therapy, 
shoe magnets, exercise, acupuncture, external stimulation 
(transcutaneous electrical nerve stimulation), spinal cord 
stimulation, biofeedback and behavioral therapy, surgical 
decompression, and intrathecal baclofen [27, 28].

 Antidepressants
Based on randomized controlled trials, the antidepressants 
amitriptyline, venlafaxine, and duloxetine are beneficial for 
reducing pain associated with diabetic neuropathy [16, 29]. 
Dates are insufficient to recommend one of these agents over 
the others. A systematic review found that tricyclic antide-
pressants were more effective for short-term pain relief than 
traditional or newer-generation anticonvulsants [30, 31]. The 
therapeutic effect usually occurs sooner (within 6  weeks) 
and at lower doses than is typical when these drugs are given 
for the treatment of depression.

Duloxetine is probably effective in lessening the pain of 
diabetic neuropathy [16, 30]. Duloxetine showed rapid onset 
of action and sustained benefit, and it was also effective in 
relieving pain at night. Amitriptyline appears to be effective 
as duloxetine for the treatment of painful diabetic neuropa-
thy and is less expensive [16].

The efficacy of venlafaxine was evaluated for two studies. 
In a randomized controlled trial, venlafaxine at higher doses 
was associated with significant benefit in pain relief com-
pared with placebo [28]. In a study, venlafaxine plus gaba-
pentin showed 18% more relief than with placebo plus 
gabapentin [30, 31].

There is insufficient evidence to support or refute the use 
of imipramine, nortriptyline, or fluoxetine.

Tricyclic agents such as amitriptyline and desipramine 
(mainly amitriptyline) are recommended in patients with 
severe pain. Side effects of tricyclic antidepressants include 
dry mouth, somnolence, and urinary retention. This class of 
drugs can be added to anticonvulsants, but not duloxetine. 
Amitriptyline is contraindicated in patients with cardiac dis-
ease; they should be given duloxetine or venlafaxine.

 Anticonvulsants
Pregabalin and valproate may be useful for treating painful 
diabetic neuropathy. The effectiveness of pregabalin for the 
treatment of painful diabetic neuropathy was evaluated in 
seven randomized clinical trials. All studies found that pre-
gabalin relieved pain, but the effect size was small relative to 
placebo. There were a clear dose-related increase in effec-
tiveness and an increase in the incidence of most adverse 
events. The most common adverse events were dizziness, 
somnolence, and peripheral edema. It can cause sedation and 
confusion. Two small studies evaluated the efficacy of val-
proate. Both studies were conducted at the same center, [30].

The role of gabapentin for the treatment of painful dia-
betic neuropathy is controversial [6, 31]. A small random-
ized trial found that gabapentin was not superior to placebo. 
The major side effects of gabapentin are somnolence, dizzi-
ness, and ataxia [30].

Table 36.7 Drug therapy for painful diabetic neuropathy

Anticonvulsants
Pregabalin—300–600 mg/day
Gabapentin—900–3600 mg/day
Valproate—500–1200 mg/day
Antidepressants
Duloxetine—60–120 mg/day
Venlafaxine—75–225 mg/day
Amitriptyline—25–100 mg/day
Opioids
Tramadol—210 mg/day
Oxycodone—37–120 mg/day
Morphine sulfate–titrated to 120 mg/day
Dextromethorphan—400 mg/day
Others
Capsaicin—0.075% QID
Isosorbide dinitrate spray
Electrical stimulation percutaneous nerve stimulation × 3–4 weeks
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There is insufficient evidence to support or refute the use 
of topiramate and carbamazepine for the treatment of painful 
diabetic neuropathy [16].

 Other Agents
Alpha-lipoic acid, a potent antioxidant, has been associated 
with some benefit for symptomatic diabetic neuropathy. Its 
use may be recommended in patients with who are refractory 
to or intolerant of antidepressants or anticonvulsants [16, 
32]. However, there remains a lack of treatment options that 
effectively target the natural history of DSNP once 
 established. The evidence from randomized clinical trials is 
very limited [16, 32].

Capsaicin cream causes analgesia through the local deple-
tion of substance P; it is a component of hot peppers. Studies 
of capsaicin showed modest but statistically significant 
improvement in pain compared with placebo [6, 33]. 
Capsaicin can be added for patients with pain who are refrac-
tory to or intolerant of antidepressant or anticonvulsants. A 
side effect is burning pain, which is exacerbated by contact 
with warm water and hot weather.

One trial showed that lidocaine patches significantly 
improved pain and quality of life in 56 patients with painful 
diabetic neuropathy [33, 34].

Opioids have been studied for the treatment of painful 
diabetic neuropathy. Tramadol and oxycodone were more 
effective than placebo for relieving pain. However, the trials 
supporting the efficacy of opioids such as tramadol and oxy-
codone are all limited by short-term follow-up [16, 23, 26].

Several other agents have been tested in patients with 
painful diabetic neuropathy. Acetyl-l-carnitine, the acety-
lated ester of the amino acid l-carnitine, was associated with 
significant improvement in pain scores [1, 16, 34, 35]. 
Isosorbide dinitrate topical spray showed a moderate effect 
in lessening the pain relative to placebo [6]. Nonsteroidal 
anti-inflammatory drugs (NSAIDs) ibuprofen and sulindac 
can lead to substantial pain relief in patients with diabetic 
neuropathy; however, they should be used with caution 
because of concerns that they may impair nerve circulation 
and worsen nerve injury due to the inhibition of prostacyclin 
synthesis [16] and also because of the risk of renal damage.

 Nonpharmacological Therapy

Percutaneous electrical nerve stimulation may be effective 
for pain relief in diabetic neuropathy [6, 16]. However, the 
percutaneous techniques evaluated in trials are not widely 
available in clinical practice.

One study using pulsed electromagnetic fields compared 
with a sham device failed to demonstrate an effect in patients 

with painful diabetic neuropathy. Likewise, Reiki therapy 
and laser treatment did not show any effect as well [6].

Finally, sorbitol accumulation may play a role in diabetic 
neuropathy, but the use of aldose reductase inhibitors to pre-
vent sorbitol formation has so far failed to show clinical 
benefits.

 Autonomic Neuropathy

Autonomic neuropathies affect the autonomic neurons (para-
sympathetic, sympathetic, or both) and are associated with a 
variety of site-specific symptoms [8, 16, 36].

The symptoms of autonomic dysfunction should be elicited 
accurately during consultation of a diabetic patient. There are a 
large number of symptoms affecting many different organ sys-
tems, including cardiovascular, gastrointestinal, genitourinary, 
pupillary, sudomotor, and neuroendocrine systems. Major clin-
ical manifestations of diabetic autonomic neuropathy include 
resting tachycardia, exercise intolerance, orthostatic hypoten-
sion, constipation, gastroparesis, erectile dysfunction, and 
hypoglycemic autonomic failure [1, 16, 36, 37].

 Cardiovascular Autonomic Neuropathy

Diabetic autonomic neuropathy is associated with significant 
morbidity and mortality in some patients with diabetes. It is 
classified as subclinical or clinical depending upon the pres-
ence or absence of symptoms [1, 38–40].

Cardiovascular autonomic neuropathy is defined as the 
impairment of autonomic control of the cardiovascular sys-
tem. It is the most studied and clinically important form of 
diabetic autonomic neuropathy. The prevalence of cardiovas-
cular autonomic neuropathy varies widely depending on the 
cohort studied and the tests used, diagnostic criteria, and the 
population studied [39–41].

The cardiovascular autonomic neuropathy may be sub-
clinical; in this case, the disease is defined by cardiovascular 
reflex testing, which may have prognostic implications. 
Clinically, it is associated with resting tachycardia 
(>100  bpm). Persistent sinus tachycardia can occur, and 
there may be no variation in heart rate during activities that 
normally increase parasympathetic vagal tone, such as deep 
breathing and Valsalva maneuver. Other manifestations are 
exercise intolerance, orthostatic hypotension, and intraoper-
ative cardiovascular instability [1, 41].

Cardiac denervation can occur in diabetic patients with 
autonomic neuropathy. It is associated with silent myocardial 
infarction and ischemia and increased mortality [40]. 
Hypotension and hypertension after vigorous exercise are 
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more likely to develop in patients with autonomic neuropathy, 
particularly when starting an exercise program. Cardiac auto-
nomic function testing should be performed when planning an 
exercise program for individuals with diabetes about to embark 
on a moderate- to high-intensity exercise program [1, 41].

The presence of cardiovascular autonomic neuropathy 
may be associated with adverse renal and cerebrovascular 
outcomes [41].

A patient’s history and physical examination are ineffec-
tive for the early detection of subclinical autonomic neuropa-
thy. It may only be detected by using cardiovascular reflex 
tests or tests of peripheral sympathetic function [30, 42]. 
There are many tests that assess parasympathetic integrity, 
including cardiovascular tests of heart rate response, ortho-
static hypotension test, QT interval, ambulatory blood pres-
sure monitoring for dipping status, heart rate variability, and 
time and frequency domain indices. These tests are relatively 
insensitive to sympathetic deficits. The choice of tests 
remains debatable and dependent upon the indication. Of 
these tests, heart rate variability in response to deep breath-
ing has the greatest specificity (approximately 80%). Regular 
tests for heart rate variability provide early detection and 
thereby promote timely diagnostic and therapeutic interven-
tions. These tests may also facilitate differential diagnosis 
and attribution of symptoms (e.g., erectile dysfunction, dys-
pepsia, and dizziness) to autonomic dysfunction [42].

Direct assessment of cardiac sympathetic integrity has 
become possible with the introduction of radiolabeled ana-
logues of norepinephrine, which are actively taken up by the 
sympathetic nerve terminals of the heart. These tests have 
limited clinical utility because they are expensive and not 
widely available [1, 41].

At the time of diagnosis of type 2 diabetes and although 
CAN prevalence is very low in newly diagnosed patients 
with type 1 diabetes, within 5 years after diagnosis of type 1 
diabetes, patients should be screened for cardiovascular 
autonomic neuropathy [1].

Exercise program can improve both early and more 
advanced cardiovascular autonomic neuropathy. There are 
general recommendations: making changes in posture slowly 
and tensing the legs by crossing them while actively standing 
on both legs. It can minimize postural symptoms. It is impor-
tant the discontinuation of aggravating drugs (e.g., tranquil-
izers, antidepressants, and diuretics) [42].

Fludrocortisone (0.1–0.4  mg/day) and salt diet may be 
helpful in severe cases but can cause hypertension or periph-
eral edema. The somatostatin analogue, octreotide (50 mcg 
three times daily), may be helpful in diabetic patients with 
refractory and symptomatic postural. It may exacerbate 
bowel dysfunction and cause fluctuations in glycemic con-
trol [1, 16, 41].

 Gastrointestinal Autonomic Neuropathy

Any section of the gastrointestinal tract may be affected. The 
symptoms of gastrointestinal autonomic neuropathy vary 
with the site of involvement. Gastroparesis should be sus-
pected in patients with erratic glucose control. Evaluation of 
gastric emptying should be done if the patients have anorexia, 
nausea, vomiting, early satiety, and postprandial fullness. 
Barium studies or referral for endoscopy may be required [1, 
16]. The patients with esophageal motility disorders have 
dysphagia and retrosternal pain. Other symptoms are consti-
pation, diarrhea, or even incontinence.

The treatment of gastroparesis varies with the type of 
symptoms. Must be guided frequent small meals, prokinetic 
agents (metoclopramide, domperidone, erythromycin) [1].

Autonomic diarrhea is often nocturnal and alternating 
with constipation and incontinence. The treatment varies 
with the causative factors responsible for the diarrhea: anti-
biotics for bacterial overgrowth, loperamide for aberrant 
motility, and biofeedback for anorectal dysfunction. When 
the diarrhea is intractable, octreotide is an alternative [16].

 Genitourinary Autonomic Neuropathy

The genitourinary tract disturbances are associated with 
bladder and/or sexual dysfunction. Diabetic bladder dys-
function initially presents as a decrease in the ability to sense 
a full bladder, and it results in incomplete emptying. These 
abnormalities can result in recurrent urinary tract infections 
and overflow incontinence. In men, the genitourinary auto-
nomic neuropathy may cause loss of penile erection and/or 
retrograde ejaculation. Women can have decreased libido 
and reduced vaginal lubrication [43].

Treatment consists of a strict voluntary urination schedule 
coupled with bethanechol (10–30  mg three times daily). 
More advanced cases require intermittent catheterization or 
resection of internal sphincter at the bladder neck. Sexual 
dysfunction must be treated with sex therapy, psychological 
counseling, and treatment with type 5 phosphodiesterase 
inhibition [1, 16, 43, 44].

 The Effect on Diabetes Control

Episodes of hypoglycemia may be more common in 
patients with autonomic neuropathy. Several factors may 
account for this, such as diabetic gastroparesis and altera-
tions in neuroendocrine responses, including a reduction in 
glucagon and epinephrine secretion in response to hypogly-
cemia [1, 44].
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 Focal and Multifocal Neuropathies

• The most common peripheral mononeuropathy in dia-
betic patients is median mononeuropathy.

• Cranial neuropathies are extremely rare.
• Electrophysiological is suggestive of demyelination and 

axonal degeneration.

The diabetic mononeuropathy affects the median nerve 
(the most common), ulnar, radial, and peroneal. The cranial 
mononeuropathies are rare and occur in those nerves which 
supply the extraocular muscle (cranial nerves III, VI, and IV) 
[1]. Others are diabetic amyotrophy and thoracic polyradicu-
lopathy [5, 45].

The diagnosis of diabetic mononeuropathy can be done 
through clinical careful evaluation and electrophysiological 
studies. The electrophysiological studies show a reduction in 
nerve conduction and amplitude suggestive of underlying 
demyelination and axonal degeneration. Many of these 
patients complain acute, asymmetric, focal pain followed by 
weakness involving the proximal leg and, after careful clini-
cal and electrodiagnostic examinations, are found to have a 
high lumbar radiculopathy (diabetic amyotrophy) [1, 46]. 
Another cause of pain in diabetics is thoracic polyradiculop-
athy; the patients present with severe abdominal pain, and 
the differential diagnostic is done with gastrointestinal 
causes.

 General Recommendations

• Tight glycemic control can prevent, delay, or slow the 
progression of diabetic neuropathy in patients with type 1 
diabetes.

• Patients with diabetes should be educated about proper 
foot care and should check their feet daily.

• All patients with diabetes should have an annual foot 
examination by a healthcare professional.
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 Introduction

Diabetic nephropathy (DN) occurs in 20–40% of patients with 
diabetes and is a major cause of morbidity and mortality. It 
occurs not only in persons with type 1 (T1) and type 2 (T2) dia-
betes mellitus (DM) but also in diabetes of exocrine pancreas, 
previously called secondary pancreatic DM or type 3c diabetes 
forms of DM, which results from a disruption of the global archi-
tecture or physiology of the pancreas caused by a process such as 
inflammation, neoplasia, or surgical resection [1, 2].

The number of individuals known to have end-stage 
renal disease (ESRD) worldwide is growing rapidly, as a 
result of improved diagnostic capabilities, the global epi-
demic of type 2 diabetes (T2DM), and other causes of 
chronic kidney disease (CKD) [3]. CKD is mainly related 
to diabetes and/or hypertension. About one out of three 
adults with diabetes and one out of five adults with hyper-
tension have CKD [4]. Diabetes is the most frequent cause 
of severe CKD [1] and in Western countries is the leading 
cause of ESRD [5]. Nowadays, it’s estimated that 40–50% 
of patients with T2DM and 30–33% with T1DM will 
develop kidney disease. The amount of people with CKD 
and ESRD is increasing in consonance with the rising inci-
dence of diabetes [6, 7].

In the United States, 2011–2012, the estimated preva-
lence of CKD (stages 1–4) in adults with 20 years of age or 
more and diagnosis of diabetes was 36.5% (CI 95%, 32.2–
40.8%). In 2014, a total of 52,159 people developed ESRD 
with diabetes as the main cause of renal disease, and the 
prevalence ratio adjusted for age, sex, and ethnicity was 
154.4 per million inhabitants [7, 8].

The progression to ESRD is similar in type 1 and type 2 
diabetes. However, as T2DM is more prevalent, the majority 

of patients with ESRD are type 2 diabetics. The tenth edition 
of the International Diabetes Federation (IDF) Diabetes 
Atlas reported an estimated increase of 46% on world preva-
lence of diabetes. This means an estimated raise from 537 
million in 2021 to 783 million in 2045, on the number of 
diabetic patients [9, 10]. The prevalence of diabetic nephrop-
athy has increased [3] because of the epidemic of diabetes, 
longer periods of disease without a good glycemic control, 
and improvements in the treatment of hypertension and coro-
nary heart disease, which have prolonged the lifespan of 
patients with T2DM and increased the risk of developing 
complications such as nephropathy and ESRD.  The end- 
stage renal disease (ESRD) is up to ten times more prevalent 
in people with diabetes [9–11].

However, a greater number of patients with diabetes are 
in developing countries [9], which do not have sufficient 
resources or a health infrastructure that would enable them 
to provide universal renal replacement therapy. Furthermore, 
even in developed countries, fewer than 1  in 20 patients 
with DM and CKD survives to ESRD, succumbing to car-
diovascular disease (CVD), heart failure, or infection, and 
the severity of diabetic renal disease significantly contrib-
utes to this outcome [3]. The number of deaths related to 
CKD associated with diabetes increased 94% between 
1990 and 2012, and the great majority was mainly related 
to cardiovascular disease [7]. Hence, it is of great impor-
tance to obtain an early diagnosis, appropriate manage-
ment, and the development of new strategies of treatment, 
particularly those related to the control of glycemia, blood 
pressure, and other comorbidities associated with diabetes, 
that may lead to better outcomes.

 Diagnosis

The term diabetic nephropathy is used to describe a specific 
renal condition caused by diabetes, characterized by hyper-
filtration; persistent albuminuria, with a continuous decline 
in the glomerular filtration rate (GFR); raised arterial blood 
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pressure (BP); and enhanced cardiovascular morbidity and 
mortality [11] (Table 37.1). Diabetic kidney disease (DKD), 
diabetic nephropathy, is clinically diagnosed based on the 
presence of persistent albuminuria (>30  mg/g creatinine) 
and/or reduced eGFR in the absence of signs or symptoms of 
other primary causes of kidney damage [12].

Albuminuria, urinary albumin excretion rates (UAE), can 
be measured easily by albumin-to-creatinine ratio (ACR) in 
a random spot collection, but also in 24-h or timed collec-
tions, which are less predictive and accurate [13]. If albumin-
uria is abnormal, the test should be confirmed by two or three 
samples within 3 or 6 months, 4–6 weeks apart, due to the 
variability in albumin excretion. Albumin excretion may rise 
due to exercise within 24 h of sampling, infection, fever, con-
gestive heart failure (CHF), marked hyperglycemia, hyper-
cholesterolemia, and high blood pressure. Persistent 
albuminuria ≥30  mg/g creatinine indicates microalbumin-
uria and requires treatment with ACE inhibitor or ARB, even 
in the absence of hypertension [14].

The glomerular filtration rate is estimated using validated 
formulae (eGFR). The Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation and the Modification of 
Diet in Renal Disease (MDRD) Study equation are recom-
mended in most guidelines, and eGFR is considered abnor-
mal when below 60 mL/min/1.73 m2. CKD-EPI is generally 
preferred [4, 13].

Persistent albuminuria in the range of 30–299  mg/g Cr 
(microalbuminuria) is considered the earliest stage of DN in 
type 1 diabetes (T1DM) and a marker for development of 
nephropathy in T2DM and for increased CVD risk [15].

The pathophysiological mechanisms in the development 
of DN are multifactorial. Hyperglycemia is related to struc-
tural and functional changes such as glomerular hyperfiltra-
tion, glomerular and tubular epithelial hypertrophy, and 
microalbuminuria, followed by the development of glomeru-
lar basement membrane (GBM) thickening, accumulation of 
mesangial matrix, evident proteinuria, and eventually glo-
merulosclerosis and ESRD. Nevertheless, intensive therapy 
to improve glycemic control is able to attenuate the develop-
ment of nephropathy, as assessed by urinary albumin excre-
tion (UAE), but not fully prevent it [16] (Fig. 37.1).

Hemodynamic and metabolic pathways are involved in 
the development of DN. Hyperfiltration and hyperperfusion 
injuries occur very early in DN and are glomerular hemody-

namic changes related to the decrease of arteriolar resistance, 
more evident on the afferent side, which lead to a rise in 
glomerular capillary pressure. In addition to hyperglycemia, 
other factors, such as prostanoids, angiotensin II (ANGII), 
nitric oxide (NO), atrial natriuretic factor, growth hormone, 
glucagon, and insulin, may be related to the increase in filtra-
tion and perfusion. Vascular endothelial growth factor 
(VEGF) and cytokines such as transforming growth factor- 
beta (TGF-β) increase NO production and mediate hyperfil-
tration. Glomerulosclerosis occurs as a result of high 
intraglomerular pressure, an increase in mesangial cell 
matrix production, and GBM thickening [17, 18].

Hyperglycemia augments the oxidative stress and over-
production of reactive oxygen species (ROS) that stimulate 
protein kinase C (PKC) pathways, advanced glycosylation 
end product (AGE) formation, TGF-β, and ANG-II [17].

Glucose transporter-1 (GLUT-1) regulates the entry of 
glucose into the kidney cell, and glucose activates the meta-
bolic pathways. Nonenzymatic glycosylation of glucose pro-
duces AGE, activates PKC, and accelerates the polyol 
pathway; hemodynamic changes activate VEGF, TGF-β, 
interleukin-1 (IL-1), IL-6, IL-18, and tumor necrosis factor 
alpha (TNFα) and together increase albumin permeability in 
GBM and extracellular matrix accumulation, leading to ele-
vated proteinuria, glomerulosclerosis, and tubulointerstitial 
fibrosis [18].

Pathologic abnormalities in the kidneys occur before the 
onset of microalbuminuria. The hallmark of DN is a nodular 
glomerulosclerosis, the Kimmelstiel-Wilson lesion [19], but 
less than one-third of diabetic patients with microalbumin-
uria have the typical glomerulopathy [20]. The earliest 
changes are an increase in the extracellular matrix and 
mesangial cell hypertrophy. There is an increased deposition 
of type 4 collagen in GBM, and the thickening may start as 
early as 1 year after the onset of T1DM, and later in glomeru-
losclerosis, the deposition of collagen types 1 and 3 also 
occurs. Hyperglycemia impairs integrin expression and the 
structure and function of the podocytes, which are glomeru-
lar epithelial cells that cover the GBM. Hyperglycemia also 
reduces the number of podocytes, which is related to protein-
uria, although this decrease is observed even in the absence 
of proteinuria and occurs before the development of glomer-
ulosclerosis and tubulointerstitial damage [18] (Fig. 37.2).

Recent data suggest that epigenetic modifications may be 
involved on the pathogenesis of diabetic nephropathy. 
Hyperglycemia and other factors, such as inflammation, 
hypoxia, and cytokines, may induce aberrant DNA 
 methylation leading to fibroblast proliferation and fibrosis 
and regulating other genes associated with DN. Some other 
epigenetic processes may also have a role on DN such as 
noncoding RNA and histone modifications. The importance 
of identifying epigenetic changes relies on the fact that they 
are reversible changes which may enable therapeutic devel-

Table 37.1 Laboratory tests for the screening and diagnosis of dia-
betic nephropathy

Albuminuria—albumin/creatinine ratio
Serum creatinine
aeGFR-MDRD or CKD-EPI

aeGFR estimated glomerular filtration rate, MDRD Modification of Diet 
in Renal Disease, CKD-EPI Chronic Kidney Disease Epidemiology 
Collaboration—equation
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opment. Nevertheless, these mechanisms are not fully under-
stood and need further researches [6].

In view of the heterogeneity of kidney lesions and the 
complexity of the natural history of DN, Tervaert et al., in 
2010, defined four classes of DN according to the glomeru-
lar lesions found on electron microscopy that can be applied 
in both type 1 and type 2 diabetes [21]. In this classifica-
tion, class I is identified by an isolated GBM thickening 
(>430  nm in males over 9  years of age and >395  nm in 
females), with no evidence of mesangial expansion, 
increased mesangial matrix, or global glomerulosclerosis 
involving more than 50% of the glomeruli, and glomeruli 
lesions then increase progressively to class IV, which is 
characterized by advanced diabetic sclerosis (>50% global 
glomerulosclerosis).

The “conventional” natural history of DN was defined in 
the 1980s, based on longitudinal studies of patients with type 
1 and type 2 diabetes, and divided DN into five stages [22] as 
follows: stage 1 with a reversible glomerular hyperfiltration; 
stage 2 with normal GFR and normoalbuminuria; stage 3 
GFR still normal but associated with microalbuminuria 
(5–10 years after diagnosis of DM); stage 4, in which pro-
teinuria appears and may reach nephrotic range levels (after 

10–20 years of diabetes progression); and stage 5, character-
ized by a GFR slope below 10 ml/min/year and CKD, lead-
ing to ESRD.

Information on the likelihood of passing from one stage 
to another in newly diagnosed patients was provided by the 
findings of the UK Prospective Diabetes Study (UKPDS) 
[23]. However, the study also emphasized that the risk of 
mortality increased in parallel with the worsening of renal 
disease. After 10 years of diagnosis, 25% of the patients with 
T2DM developed microalbuminuria and 5% macroalbumin-
uria, and in the latter, the death rate exceeded the rate of pro-
gression to an advanced stage of nephropathy [24].

The Diabetes Control and Complications Trial (DCCT) 
showed that less than 2% of patients on intensive treatment 
developed renal failure after 30  years of diagnosis. The 
development of microalbuminuria in patients with T1DM 
usually begins 5–15  years after the onset of diabetes and 
increases progressively. Patients without proteinuria after 
20–25  years have an approximately 1% per year risk of 
developing clinical renal disease [16].

Nevertheless, another natural history of DN has been 
identified, particularly in type 1 and type 2 diabetic patients, 
although it is not clear why some patients develop the “clas-

KIDNEY ALTERATIONS OF DIABETIC NEPHROPATHY

albuminuria

high (micro) very high (macro)

glomerular basement membrane thickening

glomerular filtration rate changes
hiper normo low

Fig. 37.1 Kidney alterations 
of diabetic nephropathy
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sical” DN with significant proteinuria, while others have 
impaired renal function associated with very low levels of 
proteinuria that may persist until the ESRD [16, 22].

It would be useful to identify individuals, still normo-
albuminuric, whose likelihood of progression to microal-
buminuria is increased, but this is not yet possible. In 
addition to environmental influences, there is evidence in 
support of genetic susceptibility to microvascular compli-
cations of nephropathy in diabetic patients. Earlier inves-
tigations that focused on genetic mapping have generally 
yielded conflicting results, probably because, like other 
human diseases or syndromes, DN can develop from the 
interactions of several genes that in isolation would have 
no effect but which, when subtly altered, could predispose 
to DN [25].

Hence, it is important to enquire about the family history 
of DN and to screen periodically all diabetic patients. 
Microalbumin and serum creatinine (SCr) tests are valuable 
laboratory markers used to detect early signs of kidney dam-
age [9, 11]. A recent study that evaluated the risk stratifica-
tion of kidney disease emphasized that both the urine 
microalbumin level and urine albumin/creatinine ratio tests 
are needed to fully assess kidney disease and its associated 
risks of death and progression to ESRD [26] (Table 37.2).

“Kidney Disease: Improving Global Outcomes” (KDIGO) 
conducted a meta-analysis of nine cohorts from the general 
population and another eight cohorts with a high risk for 
CKD, which confirmed that lower eGFR and higher albu-
minuria are risk factors for ESRD, acute kidney injury, and 
progressive CKD in both the general and high-risk popula-

METABOLIC AND HEMODYNAMIC PATHWAYS RELATED TO THE
PATHOPHYSIOLOGY OF DIABETIC NEPHROPATHY
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pathway

AGE
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Hemodynamic
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AGE : Advance Glycosylation Products; PKC : Protein Kinase C; TGF-β : Transforming Growth Factor β; VEGF : Vascular Endothelial Growth Factor;

IL-1,6,18 - Interleukin 1,6,18 - TNFα - Tumor Necrosis Factor α; RAAS - Renin Angiotensin Aldosterone System

Fig. 37.2 Metabolic and hemodynamic pathways related to the patho-
physiology of diabetic nephropathy. (AGE advanced glycosylation 
products, PKC protein kinase C, TGF-β transforming growth factor, 

VEGF vascular endothelial growth factor, IL-1,6,18 interleukin-1,6,18, 
TNFα tumor necrosis factor α, RAAS renin-angiotensin-aldosterone 
system)
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tions, independent of each other and irrespective of cardio-
vascular risk factors [27].

The gold standard for GFR measurement is urinary clear-
ance of an exogenous filtration marker, which is expensive 
and troublesome, and in addition to which it varies during 
the day. In clinical practice, SCr is used to estimate GFR, 
applying the modification of diet in real disease (MDRD) 
and/or CKD Epidemiology Collaboration (CKD-EPI) equa-
tions [28], which use clinical variables as substitutes for 
unmeasured non-GFR determinants and provide more accu-
rate estimates than SCr alone. Estimates of the CKD burden 
depend in part on the equation used to define the eGFR: 
when the more recent CKD-EPI equation is used, the preva-
lence of eGFR below 60 ml/min/1.73 m2 is lowered by a fac-
tor of 0.88 (6.9 versus 7.8%), compared with the estimate 
from the older MDRD study equation [9].

In patients with T1DM, the first screening is recom-
mended at 5 years after the diagnosis [29], but it is suggested 
that patients with poor metabolic control be evaluated at the 
onset of puberty, which is an independent risk factor for 
microalbuminuria [30]. On the other hand, as about 7% of 
the patients with type 2 diabetes will already have microal-
buminuria at the time of diagnosis of diabetes, the screening 
must be started by then. If microalbuminuria is absent, the 
screening must be repeated annually for both type 1 and 2 
diabetic patients [24].

In general, the medical societies recommend that an 
assessment of UAE be performed annually [14, 31], starting 
at the diagnosis of T2DM and 5 years after that for T1DM, in 
combination with a measurement of SCr in order to estimate 
GFR and determine the stage of CKD.

Kidney disease is classified in five stages [31] according 
to the GFR (ml/min per 1.73 m2 body surface area), consid-
ering kidney damage as abnormalities on pathologic, urine, 
blood, or imaging tests. Stage 1 is characterized by kidney 
damage with normal or increased GFR (≥90), stage 2 also by 
kidney damage associated with mildly decreased GFR (60–
89), stage 3 by a moderately decreased GFR (30–59), stage 4 

by a severely decreased GFR [15–28], and stage 5 as kidney 
failure defined as GFR below 15 or dialysis.

In February 2007, a consensus conference in the United 
Kingdom [32] approved the division of stage 3 CKD into 
stage 3A (eGFR 45–59) and stage 3B (eGFR 30–44) and 
added the suffix “p” to the GFR-based stage for patients with 
proteinuria (random urine protein/creatinine ratio >100 mg/
mmol). These changes have been endorsed by the National 
Institute for Health and Care Excellence (NICE), the Scottish 
Intercollegiate Guidelines Network (SIGN), and the National 
Kidney Foundation Kidney Disease Outcomes Quality 
Initiative (NKF-KDOQI). Patients at stages 1–3 are consid-
ered to have early CKD.

 Differential Diagnosis

Very often clinicians tend to attribute proteinuria and renal 
impairment to DM, but that is not the only renal abnormal-
ity found in diabetics [33]. Other causes of CKD should be 
considered in patients that present with an absence of dia-
betic retinopathy, low or rapidly decreasing GFR, rapidly 
progressive proteinuria or nephrotic syndrome, refractory 
hypertension, presence of active urinary sediment, signs or 
symptoms of other systemic disease, or a reduction in GFR 
of more than 30% within 2–3  months after starting 
angiotensin- converting enzyme inhibitors (ACEi) or angio-
tensin receptor blockers (ARBs) [31]. Moreover, in some 
patients, the DN may be associated with other kidney 
diseases.

Nondiabetic renal disease (NDRD) includes a heteroge-
neous mixture of the following glomerular and nonglomeru-
lar conditions [33]:

 1. Glomerular disease other than diabetic nephropathy: 
immunoglobulin A nephropathy, focal and segmental 
glomerular sclerosis, microvascular complications of dia-
betes, membraneous glomerulonephritis, membranopro-
liferative glomerulonephritis, pauci-immune, systemic 
lupus erythematosus, and others

 2. Nonglomerular renal disease: macrovascular (renovascu-
lar), acute kidney injury (acute interstitial nephritis, e.g., 
contrast nephropathy, sepsis, and ACEI/ARBs/direct 
renin inhibitor (DRI) induced, and acute tubular necrosis, 
e.g., sepsis and diuretic toxicity), electrolyte abnormality, 
urinary tract infection, etc.

Nevertheless, no consensus classification is available at the 
moment for kidney biopsy in a diabetic patient with any 
pathological condition.

Table 37.2 Treatment targets of glycemia, blood pressure, and 
dyslipidemia

Glycemic 
control

HbA1C < 7.0% < 
6.5%

Caution with patients with 
advanced kidney disease and 
high-risk CVDa

BPb control ≤130 × 80 mmHg Caution with patients with 
high-risk CVD

LDLc CVD risk <100/dl, 
<70 mg/dl

Stage 5 of kidney disease: start 
statin only if specific CVD risk

aCVD cardiovascular disease
bBP blood pressure
cLDL cholesterol low-density lipoprotein
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 Treatment (Table 37.2)

Interventions that have been reported to be useful in prevent-
ing or retarding the progression of DN include the following: 
good glycemic and blood pressure control, treatment of 
hyperlipidemia, cessation of smoking, and restriction of pro-
tein intake. Patients who develop ESRD will require renal 
replacement therapy. Thus, when the patient has an eGFR 
<30 mL/min/1.73 m2, he/she should be referred to evaluation 
of specialist for renal replacement treatment [15, 34].

Blood pressure and glycemic control represent the major 
cornerstones for preventing and treating diabetic nephropa-
thy [16]. The DCCT reported that any decrease in hemoglo-
bin A1C (HbA1C) was strongly associated with a reduction 
in the risk of developing microalbuminuria and progression 
to overt nephropathy [16], and UKPDS clearly demonstrated 
a role for intensified glycemic control in subjects newly 
diagnosed with T2DM, in whom treatment led to a fall in 
HbA1C from 7.9% to 7.0% [35].

To reduce the risk or slow the progression of nephropathy, 
the American Diabetes Association (ADA) recommends the 
optimization of glucose and control of blood pressure. The 
ADVANCE study demonstrated that the decrease in HbA1C 
to a mean of 6.5% was associated with a further reduction in 
renal events, as assessed by the development and progression 
of microalbuminuria [36]. However, the findings of the 
ACCORD study [37] led to controversy regarding the appro-
priate HbA1C target for reducing macrovascular disease.

The major risk of reaching HbA1C levels below 7.0% is 
the increased likelihood of developing hypoglycemia. For 
people with decreased kidney function (CKD stages 3–5), 
hypoglycemia is a major concern because it impairs the 
clearance of insulin and a number of oral agents used to treat 
diabetes, as well as reduces kidney gluconeogenesis [31]. 
Drug adjustments must be made to prevent or, at least, reduce 
the risk of hypoglycemia.

Sulfonylureas in general have predominantly renal elimi-
nation and are not recommended for patients with creatinine 
clearance (CrCl) below 50  ml/min, except for glipizide, 
which has hepatic elimination of inactive metabolites and 
should be interrupted when CrCl falls below 30  ml/min. 
Malnutrition, acute illness, liver disease, and alcoholism are 
risk factors for hypoglycemia. Meglitinides are oxidized by 
the liver but still entail a risk of hypoglycemia because 
active metabolites may accumulate in renal dysfunction, 
repaglinide being the one that accumulates the smallest 
amount of metabolites. Metformin is eliminated unchanged 
by the kidneys; NKF-KDOQI contraindicated its use with a 
serum creatinine over 1.5 mg/dl in males and 1.4 mg/dl in 
women due to the risk of lactic acidosis, although NICE rec-
ommends that it should be used with care for patients with 
an eGFR below 45 ml/min/1.73 m2 and discontinued if the 
eGFR falls below 30 ml/min/1.73 m2. Acarbose is not rec-

ommended if CrCl is below 25 ml/min, and miglitol pro-
duces renal elimination, but as there are no studies in 
patients with kidney disease, FDA does not recommend 
either of them if serum creatinine is ≥2 mg/dl. The risk of 
side effects when using thiazolidinediones increases with 
renal disease [31, 38].

Exenatide and its formulation with extended release are 
eliminated by renal filtration and need no adjustment with 
CrCl above 50  ml/min. Increases in the dosage from 5 to 
10 μg should be applied with care if CrCl is 30–50 ml/min, 
and, according to FDA, when CrCl is below 30 ml/min, it 
should be stopped. Liraglutide should be used with care 
when CrCl is below 60 ml/min, and when below 30 ml/min, 
its side effects increase, but experience of its use is still lim-
ited in CKD. It’s not necessary to adjust dulaglutide dosage 
in patients with mildly to moderately decreased eGFR, but it 
shouldn’t be used when the eGFR is below 30  ml/
min/1.73 m2. The usage of SGLT-2 inhibitor does not require 
dose adjustment with mild kidney dysfunction 
(eGFR ≥ 60 mL/min/1.73 m2), but as it depends on the kid-
ney’s ability to filtrate glucose, it’s not recommended when 
the eGFR is below 45 ml/min/1.73 m2 [39].

The dipeptidyl peptidase-4 (DPP4) inhibitor agents need 
no adjustment if CrCl ≥  50  ml/min; sitagliptin should be 
reduced to 50 mg/d if it is 30–50 ml/min and to 25 mg if <30 
and saxagliptin to 2.5  mg if <50  ml/min. Linagliptin is 
fecally eliminated unchanged, so it may be safely used in 
patients with CKD. Colesevelam and bromocriptine need no 
adjustments. As up to 50% of insulin is eliminated by the 
kidney, it is recommended that it be reduced by 25% when 
CrCl is 10–50 ml/min and by 50% if it falls below 10 ml/min 
[31, 38].

In addition to the importance of glycemic control, it has 
been shown that a more aggressive BP reduction reduces the 
progression of DN. The mechanism of hypertension in DN is 
complex and not fully understood, being related to excessive 
sodium retention, activation of the sympathetic nervous sys-
tem (SNS) and the renin-angiotensin-aldosterone system 
(RAAS), augmented oxidative stress, and endothelial cell 
dysfunction (ECD) [40].

The UKPDS provided strong evidence that control of BP 
can slow the development of nephropathy [41]. Treatment 
using angiotensin-converting enzyme inhibitors (ACEi) 
retards the progression from micro- to macroalbuminuria 
and can slow the reduction of the GFR in patients with mac-
roalbuminuria [42, 43]. In T2DM with hypertension and nor-
moalbuminuria, renin-angiotensin system (RAS) inhibition 
has been shown to delay the onset of microalbuminuria [44, 
45]. The evidences suggest that ACE inhibitors [46] have 
renoprotective actions in addition to their antihypertensive 
effects for primary prevention [47].

Angiotensin receptor blockers have also been shown to 
reduce the rate of progression from micro- to 
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 macroalbuminuria, as well as ESRD, in patients with 
T2DM. The Irbesartan in Diabetic Nephropathy Trial (IDNT) 
[48] and Reduction of Endpoints in Non-Insulin-Dependent 
Diabetes Mellitus (NIDDM) study, as well as the Angiotensin 
Antagonist Losartan (RENAAL) studies, have reported the 
efficacy of ARBs in nephropathy [37].

The ROADMAP trial investigators evaluated type 2 dia-
betics with normoalbuminuria and reported that olmesartan 
was associated with a delayed onset of microalbuminuria, 
with BP control according to the current standards 
(<130 × 80 mmHg), but there was a higher rate of fatal car-
diovascular events with olmesartan among patients with pre-
existing CVD [45].

It is not known whether the RAS blockade reduced pro-
gression to microalbuminuria in normotensive T2DM. Mauer 
et al. reported that the early blockade of the RAS in patients 
with T1DM did not slow progression of nephropathy [49].

Furthermore, as it is not yet possible to predict the patients 
at risk of developing nephropathy, present evidence does not 
support the use of RAS blockade for the primary prevention 
of DN [25].

Some reports show that the risk of progressive DN contin-
ues to decrease with falls in BP even below the normal range, 
and such reductions are associated with better clinical out-
comes. A recent subanalysis from the BP arm of the 
ADVANCE study suggested that optimal BP control is less 
than 125/75 mmHg, particularly in those patients with overt 
nephropathy [50].

The ideal BP goal in diabetic patients with nephropathy 
remains questionable, and currently the recommended target 
is considered to be the same as that for the general diabetic 
population [51]. An ACE inhibitor or an ARB, usually in 
combination with a diuretic, should be used to treat hyper-
tensive diabetics if CKD is at stages 1–4 with the target of 
<130/80 mmHg [31].

As the ACEi and ARB are individually renoprotective, 
questions have arisen regarding the usefulness of combined 
therapy. The suggestion that a more complete inhibition of 
angiotensin II, through non-ACE pathways, would improve 
the results stimulated some trials, the older ones, that studied 
combinations of ACEi and ARB reported effects that were 
promising, with significant reductions in albuminuria and/or 
BP and a good tolerability. Nevertheless, the Candesartan 
and Lisinopril Microalbuminuria (CALM II) [52] study 
reported that after 12 months of treatment, the effect of the 
combined therapy was no different from the maximization of 
each therapy alone in relation to BP or albuminuria. Concerns 
about this strategy came up with the Ongoing Telmisartan 
Alone and in Combination with Ramipril Global Endpoint 
Trial (ONTARGET) [53]. This study tested patients at high 
risk for a CV event with an ACEi and/or ARB and observed 
no differences between groups at the primary endpoint, com-
prising stroke, myocardial infarction, and sudden cardiac 

death. However, those patients randomized to combination 
therapy had higher rates of renal impairment and hyperkale-
mia, a more rapid decline in eGFR, and a greater need for 
dialysis for acute renal failure episodes during the trial.

The Combination Angiotensin Receptor Blocker and 
Angiotensin-Converting Enzyme Inhibitor for Treatment of 
Diabetic Nephropathy VA NEPHRON-D (Veterans Affairs 
Nephropathy in Diabetes) Study: Nephropathy iN Diabetes 
Study (VA NEPHRON) study is a multicenter, prospective, 
randomized parallel group trial which tested the efficacy and 
safety of ACEi (lisinopril)/ARB (losartan) versus ARB on the 
composite endpoint of reduction in GFR to 30  ml/min (if 
GFR >60 ml/min), reduction in GFR by 50% (if GFR <60 ml/
min), ESRD, or death in patients with DM2 and nephropathy. 
The results of this trial confirmed that the dual blockade with 
ACEi and ARB had no significant benefit in the primary end-
points of renal disease progression or death [54].

Other drugs, such as diuretics, calcium channel blockers, 
and β-blockers, should be used as additional therapy to fur-
ther lower blood pressure in patients already treated with 
ACE inhibitors or ARBs or as alternative therapy for indi-
viduals unable to tolerate those classes of drug. What is gen-
erally recommended is the combination of an ACEi or ARB 
with another class of drug, preferably a diuretic, and calcium 
channel blockers [31, 42].

ACEi/ARBs are recommended for people with diabetes, 
proteinuria, CKD, and ACR over 2.5  mg/mmol (men) or 
3.5  mg/mmol (women), irrespective of the presence of 
hypertension or stage of CKD, and should be titrated to the 
maximum tolerated therapeutic dose before the addition of a 
second-line agent, with monitoring of the eGFR and serum 
potassium [42]. An established clinical strategy is the asso-
ciation of mineralocorticoid receptor (MR) antagonists to 
control blood pressure. A recent randomized clinical trial 
supports the beneficial use of Finerenone on CKD and CVD 
outcomes in people with type 2 diabetes, already in treat-
ment with an ACE inhibitor or ARB.  Treatment with 
Finerenone in a median follow-up of 2.6 years reduced in 
18% the death from renal causes and the decline above 40% 
in eGFR. https://doi.org/10.1056/NEJMoa2025845 [55].

The treatment of other comorbidities such as obesity and 
dyslipidemia should also be considered in patients with 
DN.  Obesity is associated with glomerular hyperfiltration 
and an increase in transcapillary hydraulic pressure, hemo-
dynamic changes that may accelerate the development and 
progression of CKD [36]. Weight loss ameliorates obesity- 
induced glomerular hyperfiltration and decreases protein-
uria, in addition to its beneficial effects on BP and diabetes 
control [56].

Dyslipidemia is a risk marker for progressive kidney 
injury and a risk factor for CVD. However, the evidence that 
the treatment of dyslipidemia reduces CKD progression is 
mostly restricted to post hoc subgroup analyses from large 
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cardiovascular clinical trials, such as the Heart Protection 
Study and the Cholesterol and Recurrent Events (CARE) 
study. Results from the Study of Heart and Renal Protection 
(SHARP) trial showed no significant differences in the num-
ber of patients with CKD suffering from kidney failure. 
People with DM and nondialysis CKD should be treated 
according to current guidelines for high-risk groups [56]. All 
guidelines agree that statins are the best choice to start the 
treatment of dyslipidemia in patients with T2DM, and most 
continue to recommend a low-density lipoprotein cholesterol 
(LDL-C) target <70  mg/dL (1.8  mmol/L) in people with 
T2DM and established CVD or at a high risk based on the 
estimated 10-year risk calculated with the UK Prospective 
Diabetes Study (UKPDS) risk engine or the Atherosclerotic 
Cardiovascular Disease (ASCVD) pooled equation. And the 
LDL-C target for those without established CVD and with-
out a high 10-year CVD risk should be <100  mg/dL 
(2.6 mmol/L) [13].

For patients on dialysis, it is more complex, and the 
guidelines recommend not to initiate lipid-lowering therapy 
in dialysis patients and to keep incident dialysis patients on 
their preexisting lipid-lowering treatment. However, some 
data suggest that high-risk patients with high baseline LDL-C 
may benefit from treatment, particularly, with statin/ezeti-
mibe combination [57, 58].

Further studies are needed to evaluate the extent of CVD 
benefits associated with the use of new lipid-modifying 
agents, proprotein convertase subtilisin/kexin type 9 
(PCSK9) inhibitors, and cholesteryl ester transfer protein 
(CETP) inhibitors in patients with DKD.  And the trials 
should be designed to compare effects on the profile of lipid 
abnormalities observed in CKD or dialysis populations [59].

The target for low-density lipoprotein cholesterol (LDL- 
C) in people with DM and CKD stages 1–4 should be below 
100  mg/dl, but may be considered to be below 70  mg/dl, 
while patients whose level is above the target should be 
treated with a statin, which is the preferred therapy [14, 31]. 
However, a statin should only be started in patients on hemo-
dialysis therapy if there is a specific cardiovascular 
indication.

No adjustment of dosage is necessary for bile acid seques-
trants, niacin, ezetimibe, atorvastatin, or pravastatin. The 
dosage of rosuvastatin should not exceed 10 mg if CrCl is 
below 30 ml/min/1.73 m2 and the patient is not on hemodi-
alysis; it is recommended that simvastatin therapy be started 
at 5 mg daily in patients with severe kidney disease; daily 
doses of lovastatin above 20 mg should be used with care if 
CrCl is below 30 ml/min, while fluvastatin may be used with 
care in patients with severe kidney disease, but there are no 
studies using doses greater than 40 mg. The dose of gemfi-
brozil should be decreased or alternative therapy considered 
in patients with SCr over 2 mg/dl. Therapy with fenofibrate 

should be started at 54 mg daily; its effects on kidney func-
tion and lipid concentrations should be assessed and the dose 
reduced in patients with CrCl below 50 ml/min [31].

Smoking has also been shown to increase the risk of pro-
gression of CKD to end-stage renal disease (ESRD) irrespec-
tive of the primary renal disease; hence, the indication is a 
total cessation of smoking.

A diet therapy with protein restriction is recommended 
for patients with CKD as it has a great impact on this popula-
tion. Although dietary protein is limited, adequate caloric 
intake should be maintained by increasing calories from car-
bohydrates and/or fats, and the qualitative and quantitative 
aspects of proteins, carbohydrates, and fats should also be 
taken into consideration.

A reduction in protein intake to 0.8–1.0 g/kg body wt/day 
in individuals at the earlier stages of CKD and below 0.8 g/
kg body wt/day at the later stages of CKD may improve the 
results of renal function as assessed by UAE rate and GFR 
[31]. For adults with eGFR < 45 mL/min/1.73 m2 and for the 
management of substantial proteinuria (urinary protein 
excretion, >0.3 g/day), 0.6–0.8 g/kg body wt/day is the most 
frequently recommended [60]. Nevertheless, reducing the 
amount of dietary protein below 0.8 g/kg/day does not alter 
glycemic control, cardiovascular risk measures, or the course 
of GFR decline. On the other hand, it’s recommended to 
avoid high-protein intake (>1.3  g/kg/day) in adults with 
CKD at risk of progression [61]. However, in patients on 
dialysis, it’s commonly observed protein energy wasting, 
and increased dietary protein intake may be necessary to 
help preserve muscle mass [62].

An intake of 800–1000 mg of elemental calcium per day 
(20–25 mmol per day) is suggested for people with stage 3 or 
4 chronic kidney disease, as studies report that this procedure 
can result in a stable calcium balance. It is also recommended 
to supplement vitamin D when serum level is documented as 
low [60]. The KDIGO suggests avoiding hypercalcemia in 
adult patients with CKD stages 3a–5D and supports that 
patients on treatment with calcimimetic who develop hypo-
calcemia should require intense calcium treatment. However, 
the Work Group recommend an individualized approach on 
hypocalcemia treatment due to unproven benefits and poten-
tial risk for harm [63].

The optimal time for the initiation of chronic dialysis 
remains unknown. There is a trend in the nephrology literature 
toward an earlier initiation of dialysis. However, prospective 
data that could guide physicians are not yet available [64].

Patients with CKD stage 4 should be referred to a nephrol-
ogist. Late nephrology referral before dialysis initiation is 
associated with increased morbidity and mortality [65].

Kidney transplantation provides high-quality life years 
for patients with ESRD. The largest numbers of transplants 
are performed in the United States, China, Brazil, and India, 
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and the countries whose populations have the greatest access 
to transplantation are Austria, the United States, Croatia, 
Norway, Portugal, and Spain. However, access to transplan-
tation is still considerably limited across the globe [5].

Guidelines [14, 31] recommend that all patients be evalu-
ated annually with the measurement of creatinine, UAE, and 
potassium and that those whose GRF is 45–60 be referred to 
a nephrologist if a nondiabetic kidney disease is suspected. 
The eGFR should be monitored every 6 months and bicar-
bonate, hemoglobin, calcium, phosphorus, and parathyroid 
hormone at least once a year; ensure vitamin D sufficiency 
and consider bone density testing due to the relation between 
nephropathy and bone disease. The need for dose adjustment 
of medications should be evaluated and the patient referred 
for diet counseling. If the GFR is 30–44, the eGFR should be 
monitored every 3 months and electrolytes, bicarbonate, cal-
cium, phosphorus, parathyroid hormone, hemoglobin, albu-
min, and weight every 3–6  months; dose adjustment of 
medications should be considered, and if GFR is below 30, 
the patient should be referred to a nephrologist.

Hemoglobin A1C (A1C) remains a widely used and 
trusted tool for assessing glycemic control in patients with-
out advanced nephropathy or anemia, but there are conflict-
ing data as to what A1C level should be targeted to prevent 
complications, especially cardiovascular ones, in patients 
with nephropathy. A lower value of A1C for similar glucose 
levels is seen in patients with DN than for those without 
nephropathy. This observation may reflect a shortened eryth-
rocyte survival. The accuracy of the A1C assay is diminished 
by uremia, and unadjusted A1C results are not the optimal 
assay for patients on hemodialysis or peritoneal dialysis 
treatment as it may underestimate glycemic control in those 
patients [31, 66].

It is reported that glycated albumin (GA) more accurately 
reflects recent glucose control, but it is still necessary to pro-
spectively assess the impact of GA on patient survival and 
hospitalizations. GA has also been considered a useful gly-
cemic index, especially, in patients with diabetes and CKD, 
because it is not influenced by erythrocyte lifespan, uremia, 
or blood transfusions, all of which can interfere in HbA1C 
measurements. Freedman et  al. reported that for each 5% 
increase in GA, the risk of death increased by 14% in patients 
under dialysis treatment, and A1C and casual serum glucose 
did not predict survival. Glycated albumin may be influenced 
by albuminuria, cirrhosis, thyroid dysfunction, and smoking 
and A1C not only by advanced nephropathy but also by a 
rapid change in diabetes control; severe anemia; hemolytic 
anemia; iron deficiency; recent blood transfusion; HIV posi-
tivity treated with antiretroviral therapy, erythropoietin, and 
other drugs interacting with erythropoiesis; and chronic 
alcohol abuse. However, until the GA assay is available, fre-
quent measurements of serum glucose appear more valuable 

than A1C in patients on dialysis to evaluate glycemic control 
[66, 67]. GA was considered a better predictor and could be 
a useful marker to predict early DN in T2DM patients, as it 
was reported that higher GA levels were significantly associ-
ated with increased risk of early DN development, indepen-
dent of A1C [68].

 Novel Therapies

Some trials have reported that new groups of medication, 
recently developed for glycemic control in patients with 
T2DM, namely, dipeptidyl peptidase-4 (DPP4) inhibitor, 
glucagon-like peptide-1 (GLP-1) receptor agonist, and 
sodium-glucose cotransporter-2 (SGLT-2) inhibitors, pos-
sess renoprotective effects [69].

The SAVOR-TIMI trial showed that saxagliptin, a DPP-4 
inhibitor, caused an improvement or less deterioration in 
albumin-to-creatinine ratio, but with no changes in eGFR 
[70]. Liraglutide, a GLP-1 receptor agonist, was tested on 
LEADER Trial with reported lower incidence of nephropa-
thy, evaluated as new-onset albuminuria, doubling of SCr 
and CrCl below 45 ml/min/1.73m2, need for renal replace-
ment therapy, and death related to renal causes (1.5 number 
of events per 100 patients per year versus 1.9 number of 
events per 100 patients per year; p 0.003) [71].

The EMPA-REG OUTCOME trial evaluated empa-
gliflozin, a SGLT-2 inhibitor, and reported relative risk (RR) 
reduction of doubling of SCr (RR: 44%, 1.5% versus 2.6%), 
progression to macroalbuminuria (RR: 38%, 11.2% versus 
16.2%), and initiation of renal replacement therapy (RR: 
55%, 0.3% versus 0.6%) and also slowed GFR decline 
(annual decrease 0.1960.11 versus 1.6760.13  ml/min per 
1.73 m2; p 0.001) [72].

The CANVAS Program Report which combines the data 
from two trials, CANVAS and CANVAS Renal, evaluated 
the safety and effect of canagliflozin (SGLT-2 inhibitor), on 
the occurrence of cardiovascular and renal events in patients 
with T2DM, and indicated a class effect in the reduction of 
cardiovascular and renal events when the SGLT-2 inhibitor 
was used in higher-risk diabetic patients with T2DM [72, 
73]. The CREDENCE (Canagliflozin and Renal Events in 
Diabetes with Established Nephropathy Clinical Evaluation) 
trial was a randomized, double-blind, placebo-controlled 
trial with canagliflozin in patients with type 2 diabetes, 
which primary outcome was a composite of end-stage  kidney 
disease (dialysis, transplantation, or a sustained estimated 
GFR. It was early terminated because it showed a 30% lower 
relative risk of reaching the primary endpoint. The relative 
risk of the renal-specific composite of end-stage kidney dis-
ease, a doubling of the creatinine level, or death from renal 
causes was lower by 34% (hazard ratio, 0.66; 95% CI, 0.53 
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to 0.81; P < 0.001), and the relative risk of end- stage kidney 
disease was lower by 32% (hazard ratio, 0.68; 95% CI, 0.54 
to 0.86; P = 0.002)> <0.001). Moreover, the relative risk of 
end-stage kidney disease was lower by 32% (hazard ratio, 
0.68; 95% CI, 0.54 to 0.86; P = 0.002). It also showed a 
lower risk of cardiovascular death, myocardial infarction, or 
stroke, hospitalization for heart failure, and no significant 
difference in the risk of fracture and amputation between 
canagliflozin and placebo groups. https://doi.org/10.1056/
NEJMoa1811744 [74]  DAPA-CKD (Dapagliflozin And 
Prevention of Adverse Outcomes in Chronic Kidney Disease)  
another multicentre, double-blind, placebo-controlled, ran-
domized trial in which primary outcome was a composite of 
sustained decline in eGFR of at least 50%, end-stage kidney 
disease, or kidney-related or cardiovascular death. Secondary 
efficacy outcomes were a kidney-specific composite (the 
same as the primary outcome but excluding cardiovascular 
death), a composite of cardiovascular death or hospitaliza-
tion for heart failure (HHF), and all-cause mortality, it 
included about two-thirds of participants with type 2 diabe-
tes and about one-third did not, with background ACE inhi-
bition/ ARB treatment. Dapagliflozin significantly reduced 
the risk of a sustained decline in eGFR, progression to 
ESRD, death from renal or cardiovascular causes, and a 29% 
reduction in risk of death from cardiovascular causes or HHF 
irrespective of diabetes status. Additionally, dapagliflozin 
demonstrated a reduction in all-cause mortality (31% rela-
tive risk reduction with a 2.9% absolute risk reduction, haz-
ard ratio [HR] 0.69, 95% CI 0.53–0.88, P = 0.0035). https://
doi.org/10.1016/S2213-8587(20)30369-7 [75, 76]

The AWARD-7 study in patients with type 2 diabetes and 
moderate to severe CKD showed a steeper decline in eGFR 
(−3.3mL/ min/1.73 m2) with insulin compared to dulaglu-
tide, with an eGFR decline of −0.7mL/min/1.73 m2 for both 
low-dose (0.75 mg weekly and high-dose (1.5 mg weekly) 
groups over one year. The gradients of eGFR decline between 
the groups were maintained even among patients with a urine 
albumin-to-creatinine ratio >300 mg/g creatinine, with eGFR 
declines of −0.7 and −0.5 mL/min/1.73 m2 for dulaglutide 
1.5  mg and 0.75 mg, respectively, compared to −5.5 mL/
min/1.73 m2 for insulin. More patients on insulin reached the 
composite renal endpoint of ESRD or >40% decline in eGFR 
than the patients on high dose dulaglutide (10.8 vs. 5.2%, P 
<0.038). https://doi.org/10.1016/S2213- 8587(18)30104-9 
[80]. And recently, it released data from clinical trials of 
semaglutide, another GLP-1 receptor agonist, that show 
reduced risk of albuminuria onset and progression.  The 
SUSTAIN-6 (Trial to Evaluate Cardiovascular and Other 
Long-term Outcomes with Semaglutide in Subjects with 
Type 2 Diabetes) [81], and also the LEADER (Liraglutide 
Effect and Action in Diabetes: Evaluation of Cardiovascular 
Outcome Results) [82], and REWIND (Researching 
Cardiovascular Events With a Weekly Incretin in Diabetes) 
[80] placebo-controlled trials reported significant risk reduc-
tions of 36, 22, and 15%, respec tively, in secondary compos-
ite renal end-points (new onset of macroalbuminuria, doubling 
of serum creatinine, sustained 45% reduction in eGFR, RRT, 
or renal death), with macroalbuminuria reduction. https://doi.
org/10.1016/S0140-6736(19)31150-X The consistency of 
these recent data across glucagon-like peptide-1 receptor ago-
nists suggests a class effect of protection from DKD [83].

These studies suggest that GLP-1 receptor agonists may 
have similar efficacy as SGLT2 inhibitors for reducing car-
diorenal risk, particularly for patients with a lower renal 
reserve who have a higher risk for DKD progression. The 
ongoing EMPA-SEMA (Renal Effects of Treatment with 
Empagliflozin Alone or in Combination with Semaglutide in 
Patients with Type 2 Diabetes and Albuminuria) trial was 
designed to determine whether GLP-1 receptor agonists and 
SGLT2 inhibitors act synergistically to optimize renal out-
comes.  ClinicalTrials.gov. Renal effects of treatment with 
empagliflozin alone or in combination with semaglutide in 
patients with type 2 diabetes and albuminuria (EmpaSema). 
Available from https://clinicaltrials.gov/ct2/show/
NCT04061200. Accessed 11 December 2021 [84].

The mechanisms involved in injury to the kidney glomer-
ular, interstitial, and vascular functions consist of inflamma-
tion, oxidative stress, endothelial dysfunction, and 
accelerated fibrosis, as described above. Endothelium dys-
function consists of the impairment of many aspects of 
 endothelial functions, including the anti-inflammatory, anti-
proliferative ones and vasodilatation. Vascular inflammation 
is a result of a combination of an impaired vasomotor 

Table 37.3  SGLT2 Inhibitors and Dose for Glycaemic control accord-
ing to glomerular filtration rate

SGLT2 Inhibitor// 
eGFR, 3mL/ 
min/1.73 m²  ≥ 60 45–60 30 to <45
Empaglifozin 
[77]

10mg–25 mg 
once daily

10mg – 25 mg 
once daily

Do not initiate; 
Discontinue

Dapaglifozin [78] 5 mg–10 mg 
once daily

5 mg – 10 mg 
once daily 

No dose 
adjustment 

Canaglifozin 100 mg– 
300 mg once 
daily

100 mg once 
daily 100 mg 
once daily

Do not initiate, 
but patient may 
continue if 
albuminuria > 300 
mg/day

Rosenwasser RF, Sultan S, Sutton D, Choksi R, Epstein BJ. SGLT-2 
inhibitors and their potential in the treatment of diabetes. Diabetes 
Metab Syndr Obes. 2013;6:453–467 [77]
AstraZeneca. Farxiga (dapagliflozin) prescribing information, 2020. 
Available from https://den8dhaj6zs0e.cloudfront.net/50fd68b9-
106b-4550-b5d0-12b045f8b184/0be9cb1b-3b33-41c7-bfc2-
04c9f718e442/0be9cb1b-3b33-41c7-bfc2-04c9f718e442_viewable_
rendition__v.pdf. Accessed 11 December 2021 [78]
Boehringer Ingelheim. Invokana (canagliflozin) prescribing informa-
tion, 2020. Available from https://docs.boehringer-ingelheim.com/
Prescribing%20 Information/PIs/Jardiance/jardiance.pdf. Accessed 11 
December 2021 [79]

M. E. B. de Farias et al.

https://doi.org/10.1056/NEJMoa1811744
https://doi.org/10.1056/NEJMoa1811744
https://doi.org/10.1016/S2213-8587(20)30369-7
https://doi.org/10.1016/S2213-8587(20)30369-7
https://doi.org/10.1016/S2213-8587(18)30104-9
https://doi.org/10.1016/S0140-6736(19)31150-X
https://doi.org/10.1016/S0140-6736(19)31150-X
https://clinicaltrials.gov/ct2/show/NCT04061200
https://clinicaltrials.gov/ct2/show/NCT04061200
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407

response, an increase in cell proliferation and platelet aggre-
gation, and vascular permeability.

Extensive research is currently underway in this field, and 
several new pathogenic mediators for DN have been discov-
ered, including renin, AGE, PKC, transforming growth 
factor- beta1 (TGF-β1), NO, VEGF, and oxidative stress.

Studies have focused on the role of these mediators and 
possible novel treatments using these approaches, and the 
following new classes of treatment are under investigation: 
protein kinase C-inhibitor (ruboxistaurin); AGE formation 
inhibitors (aminoguanidine, ALT-946, pyridoxamine, thia-
mine); direct renin inhibitor (aliskiren); AGE breakers 
(alagebrium, TRC4186); AGE receptor antagonists (endog-
enous secretory RAGE, RAGE antibody); TGF inhibitors 
(pirfenidone, SMP-534); connective tissue growth factor 
(CTGF) inhibitors (anti-CTGF ab); VEGF inhibitors 
(SU5416); anti-oxidant (curcumin); and hemorheologic 
properties and phosphodiesterase inhibitor (pentoxifylline).

Some of these have yielded promising results in trials, but 
more clinical studies are still needed to establish their effects 
on DN, as with aliskiren, pentoxifylline, ruboxistaurin, pir-
fenidone, and anti-CTGF antibody (Table  37.3) [85]. The 
Ruboxistaurin Study reported an outcome of decreased albu-
minuria and stabilized kidney function; and the PREDIAN 
trial reported on the pentoxifylline group an eGFR decline 
4.3  ml/min per 1.73  m2 less than the control group and a 
mean difference in albuminuria of 21% [7, 86].

Adverse events requiring cessation of randomized ther-
apy (usually hyperkalemia) were significantly more frequent 
with aliskiren (13.2 vs. 10.2%). Due to the lack of apparent 
benefit and higher risk of side effects, the trial was prema-
turely stopped. There is little evidence for the clinical use of 
direct renin inhibitor (DRI) in DKD, and its use warrants 
careful monitoring for hyperkalemia, hypotension, or acute 
kidney injury [87]. Pirfenidone is a promising agent for the 
treatment of diabetic nephropathy and should be further 
investigated [88].

Other agents are under investigation targeting mecha-
nisms, such as glomerular hyperfiltration, inflammation, and 
fibrosis, and have been a major focus for the development of 
new treatment. Baricitinib, a JAK1/2 inhibitor, was related to 
albuminuria reduction by 40%, but showed no effect on 
eGFR. Atrasentan (ETA) was evaluated on the RADAR and 
RADAR/JAPAN trial that showed 35% reduction of albu-
minuria, and this drug is also being tested on the Study of 
Diabetic Nephropathy with Atrasentan (SONAR) which is a 
randomized, multicountry, multicenter, double-blind, paral-
lel, placebo-controlled study of the effects of atrasentan on 
renal outcomes in subjects with type 2 diabetes and nephrop-
athy. However, there are no available phase 3 clinical trial 
data for these new agents, and none are approved for use in 
DKD [7].
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The Diabetic Foot

Crystal L. Ramanujam, John J. Stapleton, 
and Thomas Zgonis

 Introduction

The entire world is witnessing a steady increase in the prev-
alence of diabetes mellitus, with foot complications encom-
passing a large burden of the disease. The impact of diabetic 
foot complications is felt not only personally by the patient 
but also by their families, healthcare systems, and econo-
mies worldwide. Although the best treatment strategies 
often start with prevention, many physicians and surgeons 
are directly faced with the challenge of diabetic foot compli-
cations long after they have already been present in the 
patient for some time. Prompt identification of patients at 
high risk for diabetic foot complications and quick referral 
to the appropriate specialists are keys to successful clinical 
outcomes. As uncontrolled hyperglycemia takes its toll on 
the patient’s body, causing compromise to the circulation 
and often leading to peripheral sensory neuropathy, a cas-
cade of events may be set in motion leading to foot ulcer-
ations, soft tissue infections, osteomyelitis, amputations, 
and/or Charcot neuroarthropathy (CN). A strong focus on 
the appropriate medical and surgical treatment of these clin-
ical entities through a multidisciplinary team may help 
reduce the overall morbidity and mortality rates associated 
within this population.

 Diabetic Foot Ulcerations and Infections

Nearly all diabetic foot infections stem from an open wound 
or ulceration [1]. Puncture wounds in the diabetic population 
are a common inciting event. Chronic pressure in the pres-
ence of diabetic peripheral sensory neuropathy and foot 
deformity may also predispose to the development of ulcer-
ation. A thorough history should be obtained to identify the 
cause of the ulceration, its duration, and prior treatments. 
Detailed patient medical history may identify other com-
pounding risk factors for complications, such as peripheral 
arterial disease (PAD), coronary artery disease, hyperten-
sion, retinopathy, and nephropathy. Clinical examination 
should include details about the wound appearance, size and 
depth, location, and the condition of the surrounding skin. 
Baseline plain film radiographs of the foot, ankle, and/or 
lower extremity are imperative and may provide insight on 
the presence of contributing deformity, osteomyelitis, and/or 
soft tissue gas. Evaluation for PAD is important since it 
occurs more often in patients with diabetes mellitus and is 
also an independent risk factor for cardiovascular death [2]. 
The degree of PAD may ultimately determine the prognosis 
for wound healing and/or amputation level. In the presence 
of a diabetic foot ulcer with concern of arterial insufficiency, 
investigation with noninvasive vascular testing, including 
ankle-brachial indexes (ABI), pulse volume recordings, seg-
mental pressures, toe pressures, and transcutaneous oxygen 
measurements, is highly recommended. A borderline ABI in 
patients with diabetes mellitus has been associated with sig-
nificantly higher risks for mortality and PAD compared with 
normal ABI [3]. Consultation to a vascular surgeon for fur-
ther evaluation with angiography, subsequent endovascular 
intervention, and/or open bypass procedures may improve 
distal perfusion and promote wound healing.

Conservative treatment for non-infected foot and/or 
ankle wounds in the patient with diabetes mellitus can be 
initiated via local wound care, off-loading, and tight glyce-
mic control. Local wound care by a specialist may include 
serial sharp debridement to remove contaminated soft tis-
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sues and reduce biofilm, application of moist wound dress-
ings, other topical products, and/or bioengineered skin 
substitutes. A number of off-loading devices, including but 
not limited to surgical shoes, customized multi-density 
insoles or orthotics, splints, cast walkers, and total contact 
casts, have been utilized for the treatment of diabetic neu-
ropathic ulcerations with varying degrees of success. The 
key is to quickly initiate care with an emphasis on control 
of blood glucose levels. In order to expedite wound healing 
in the medically optimized patient with diabetes mellitus 
and depending on certain wound characteristics, surgical 
wound closure may be considered, such as primary closure, 
orthobiologics, adjunctive negative pressure wound therapy 
(NPWT), skin grafting, and a variety of plastic surgical 
techniques including local random, muscle, or pedicle flaps 
(Fig. 38.1).

A diabetic foot or ankle wound in the setting of poorly 
controlled blood glucose levels imposes a significantly high 
risk for subsequent infection [4]. Wound chronicity, impaired 
immune response, reduced blood flow, and nerve damage in 
the feet are all factors that may contribute to the development 
of infection. Clinical manifestations of acute infection may 
include cellulitis, warmth, pain, malodor, abscess or overt 
draining purulence, necrotic tissues, deep tissue or bone 
exposure, or necrotizing fasciitis. However, chronic infection 
of diabetic foot or ankle wounds may lack these clinical find-
ings. Initial testing should include plain film radiographs of 
the foot, ankle, and leg, as clinically indicated. Laboratory 
testing with complete blood cell count, comprehensive meta-
bolic profile, inflammatory markers, and glycosylated hemo-
globin A1C provide further information related to infection 
severity and hemodynamic stability.

a b

Fig. 38.1 Preoperative clinical picture of a left midfoot amputation with a chronic non-healing wound (a) that underwent hydrosurgical excisional 
debridement with wound bed preparation (b, c) and application of acellular dermal replacement (d)
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The Infectious Diseases Society of America (IDSA) clas-
sification of clinical infection can assist in deciding outpa-
tient versus inpatient management: mild (superficial and 
limited in size and depth), moderate (deeper or more exten-
sive), or severe (accompanied by systemic signs of metabolic 
perturbations) [5]. Patients with diabetes mellitus and sys-
temic toxicity (fever and leukocytosis), metabolic imbal-
ance, progressive deep soft tissue or bone infection, gangrene, 
or evidence of critical lower extremity ischemia should be 
immediately hospitalized. In some cases, the first diagnosis 
of diabetes mellitus may occur when the patient presents to 
an emergency facility as the incidence of diabetic foot infec-
tion increases the risk of hospitalization and amputation [6]. 
In cases where initial pedal radiographs show soft tissue 

emphysema or gas, computed tomography (CT) of the 
affected lower extremity can identify proximal foot, ankle, 
and/or leg involvement, indicating the need for urgent/emer-
gent surgical procedures. Magnetic resonance imaging 
(MRI) is helpful for localization of underlying abscess with 
devitalized tissues and may indicate the presence of osteo-
myelitis. MRI has been reported helpful in the identification 
of diabetic CN; however, the findings are difficult to separate 
from osteomyelitis in the setting of open wounds [7]. Nuclear 
imaging may be warranted in such cases of diabetic CN and/
or with history of prior surgery and retained hardware.

Inpatient medical management of diabetic foot infections 
relies on antibiotic therapy and begins with broad-spectrum 
intravenous antibiotic(s) until reliable intraoperative deep 

c d

Fig. 38.1 (continued)
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cultures and bone biopsy are available. Although most dia-
betic foot infections are polymicrobial, the most common 
pathogenic organisms are Staphylococcus and Streptococcus 
species; therefore, initial antibiotics are typically chosen 
with activity against gram-positive bacteria [5]. Antibiotics 
targeted at multidrug-resistant organisms, such as methicillin- 
resistant Staphylococcus aureus and vancomycin-resistant 
Enterococcus, should be considered in patients who have 
been previously hospitalized and/or have prior history of dia-
betic foot osteomyelitis. In many of these complicated dia-
betic foot infections, consultation of an infectious disease 
specialist is helpful to determine the correct antibiotic choice 
and the duration of treatment.

Surgical intervention should be initiated for early and 
aggressive excisional debridement of the acutely infected tis-
sues, including decompression of all involved compartments. 
Multiple surgical debridements may be necessary to eradi-
cate all of the infection, with careful attention directed at pre-
serving viable tissue and vascularity for definitive wound 
closure and/or consideration for later soft tissue reconstruc-
tion. The majority of successful cases in treating diabetic 
foot infections have used some combination of antibiotics 
and surgical debridement [8]. Wound healing can then be 
facilitated by the use of NPWT and further off-loading by 
either conventional methods or via surgical off-loading 
through external fixation based on individual patient and 
procedure characteristics [9, 10]. Surgical off-loading with 
the utilization of circular external fixation can provide a sta-
ble construct that will protect any major soft tissue recon-
struction and allow for an appropriate rehabilitation regimen 
without any weight-bearing activity at the reconstructed 
lower extremity.

 Diabetic Foot Osteomyelitis 
and Amputations

Diabetic foot osteomyelitis remains a growing challenge to 
physicians and surgeons alike, comprising an estimated 50% 
of all severe diabetic foot infections [11]. Most of these cases 
originate from contiguous spread of infection from an adja-
cent open wound or infected soft tissue. The initial clinical 
evaluation and diagnostic workup for osteomyelitis is similar 
to that of the other previously mentioned diabetic foot infec-
tions. Inflammatory markers such as erythrocyte sedimenta-
tion rate and C-reactive protein are important tests as a 
baseline at initial presentation and should be performed 
every few days during hospitalization as indicators for 
response to treatment. Plain film radiographs of the foot, 
ankle, and/or lower extremity are necessary; however, these 
may be negative in early osteomyelitis. Radiographic find-
ings of osteomyelitis may include ill-defined cortical ero-
sions adjacent to the ulceration and focal osteopenia 

corresponding to trabecular lysis [12, 13]. Bony destruction 
may be apparent depending on the chronicity of infection, 
while soft tissue or intra-osseous gas can be present in 
advanced cases and warrants emergent surgical intervention. 
Nuclear imaging and newer advanced imaging techniques 
can be utilized for detailed surgical planning in complicated 
cases of diabetic foot osteomyelitis.

With regard to diabetic foot osteomyelitis, the literature 
includes varying levels of evidence for antibiotic therapy 
with or without limited surgical excision versus wide resec-
tion, and/or major or minor amputation [14–17]. Antibiotic 
therapy must be guided by reliable intraoperative bone cul-
tures and bone biopsy. Knowledge of the foot and ankle 
angiosomes with careful consideration for the level of viable 
soft tissue and bone combined with the level of intact vascu-
lar perfusion should guide surgeons in choosing the appro-
priate level of debridement and/or amputation [18]. A 
number of minor foot amputations exist including resection 
of isolated toes, partial ray(s) (toe with partial corresponding 
metatarsal), transmetatarsal, tarsometatarsal (Lisfranc), mid-
tarsal (Chopart), and calcanectomies. Multiple staged surgi-
cal debridements may be required, and the use of local 
antibiotic delivery systems in the form of beads or spacers 
can be considered to provide an infection-free yet mechani-
cally stable environment for delayed reconstruction [19] 
(Fig. 38.2). The use of NPWT can aid in wound bed prepara-
tion prior to definitive surgical wound closure [20] (Fig. 38.3). 
Once infection is resolved and to address residual open 
wounds, split-thickness skin grafting has been shown suc-
cessful in achieving wound closure for diabetic partial foot 
amputations [21].

In cases where severe soft tissue infection and osteomy-
elitis involves the entire foot or is extending proximally to 
the leg or when arterial perfusion is not sufficient for diabetic 
lower extremity salvage despite efforts for revascularization, 
major amputation plays a role as the next option. In patients 
with diabetes mellitus, risk factors for major lower extremity 
amputation include longer duration of diabetes mellitus, 
poor glycemic control, higher systolic blood pressure, and 
treatment with insulin [22]. Interestingly over the past 
10–15  years, studies have shown a 40–60% reduction in 
rates of lower extremity amputation in Australia, Denmark, 
Spain, Sweden, the United Kingdom, and the United States; 
however, there are no such data estimates for low- or middle- 
income countries where the prevalence of diabetes mellitus 
is growing the most rapidly [6]. Rehabilitation following an 
amputation can be facilitated by physical and occupational 
therapy services at home or in skilled nursing facilities if 
necessary. Even after healing has been achieved following 
surgical debridement and/or amputation, patients with diabe-
tes mellitus must continue active participation in preventive 
health measures since they are at high risk for re-ulceration, 
readmission for infection, and further amputation.
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a

d e

b c

Fig. 38.2 Preoperative clinical picture of a right foot fourth toe osteo-
myelitis and abscess (a) that underwent an initial fourth toe amputation 
at the metatarsophalangeal joint followed by a partial fourth metatarsal 
resection and application of cemented non-biodegradable antibiotic 
beads 3 days after the original surgery (b, c). The patient returned to the 

operating room for the removal of the cemented non-biodegradable 
antibiotic beads and further excisional debridement at approximately 
10 weeks postoperatively. Final clinical (d) and radiographic (e) pic-
tures at approximately 5½ months after the initial fourth toe amputation 
surgery
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a b c

d e f

g h i j

Fig. 38.3 Preoperative clinical pictures of a left foot severe diabetic 
foot infection with osteomyelitis and gangrene (a, b) that underwent 
staged partial foot amputation and surgical debridement (c, d) followed 
by a revisional modified transmetatarsal amputation and application of 
a negative pressure wound therapy device 5 days after the initial surgery 

(e–h). Clinical pictures at approximately 2½ months postoperatively 
showing the adequate granulation tissue and wound bed preparation by 
the use of negative pressure wound therapy as an adjunct before the 
definitive plastic wound closure reconstruction (i, j)

C. L. Ramanujam et al.
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 Diabetic Charcot Neuroarthropathy

CN is a joint disease involving inflammation which produces 
progressive fractures and/or dislocations that may result in 
severe foot and ankle deformities, causing potential for skin 
ulceration and infection. Although CN can be a complication 
of several types of peripheral neuropathy, diabetic peripheral 
neuropathy is now the leading cause of CN in the Western 
world, and each patient with diabetes mellitus and peripheral 
sensory neuropathy should be screened and educated about 
the risk of this potentially debilitating foot and ankle condi-
tion [23]. Most diabetic CN cases can be traced to some type 
of inciting trauma. Since 1936 when William Riely Jordan 
first described diabetic CN, research has grown regarding its 
pathophysiology and treatment, yet there is substantial vari-
ability in the existing literature [24]. Several classification 
systems exist; however, the most useful descriptions of dia-
betic CN seem to include whether the process is acute versus 
chronic or active versus inactive and whether the deformity 
is rigid versus flexible or stable versus unstable.

Clinically, acute diabetic CN presents with a warm, swol-
len, erythematous unilateral foot, ankle, and/or lower extrem-
ity, which can often be mistaken for conditions such as 
infection, deep vein thrombosis, gout, sprain, or cellulitis. 
Initial diagnostic testing is typically based on ruling out 
other differential diagnoses. Plain film radiographs of the 
foot, ankle, and/or lower extremity are required, but a lack of 
radiographic changes during the initial stages of diabetic CN 
does not exclude the diagnosis. A series of weight-bearing 
foot, ankle, lower extremity, and long-leg calcaneal axial 
views should be obtained. Advanced imaging with MRI and 
bone scintigraphy has been shown to be more sensitive in 
detecting subacute to early acute diabetic CN [25]. CT scans 
are useful for surgical planning in cases of advanced diabetic 
CN subluxations and dislocations. Laboratory workup may 
be of little value in this diabetic population since the initial 
results may not show significance in the immunocompro-
mised patient. Initial immobilization of the involved lower 
extremity constitutes ideal conservative management in 
order to prevent further dislocation and/or deformity; how-
ever, the long-term total off-loading with casts or braces is 
often met with low levels of compliance. Further clinical 
observation along with serial plain film radiographs is 
required to determine the need for extended immobilization 
and protective weight-bearing if diabetic CN is suspected. 
Unfortunately, even with the early recognition of diabetic 
CN, certain deformities are not amenable to conservative 
treatment and require surgical reconstruction in order to 
establish a lower extremity that is braceable, functional, and 
non-ulcerated.

In contrast, the ulcerated diabetic CN foot and/or ankle 
deformity can present with or without infection and poses 
even greater risk for hospitalization and major amputation 
[26]. Ulcerations associated with diabetic CN require the 
same thorough clinical evaluation and diagnostic workup 
as mentioned for isolated diabetic foot ulcerations or infec-
tions. PAD may be found in patients with ulcerated dia-
betic CN, and vascular assessment with vascular surgery 
consultation is highly recommended before surgical inter-
vention. Severely infected ulcerations with diabetic CN 
with or without osteomyelitis can be limb- or life-threaten-
ing and require hospitalization of the patient for medical 
optimization, systemic antibiotic therapy, and surgical 
intervention.

Patients with diabetic CN may require extensive recon-
structive foot and ankle surgery if salvage of the lower 
extremity is attempted. Surgical procedures directed to 
address diabetic CN vary depending on the presence of soft 
tissue loss, infection, and/or arterial insufficiency in con-
junction with the location and degree of the associated 
deformity. Deformity correction involves joint realignment 
and arthrodesis procedures at the midfoot, rearfoot, and/or 
ankle level with internal fixation typically reserved for 
cases without ulceration or infection and external fixation 
utilized for deformities with a poor soft tissue envelope, 
ulceration, and/or infection [27] (Fig.  38.4). In selected 
patients with a chronic foot ulceration and a stable diabetic 
CN, osseous exostectomies with or without wound closure 
may be sufficient for wound healing. While available surgi-
cal reconstructive techniques have substantially improved 
over the years, conclusive reliable data to guide surgical 
treatment is lacking due to the large variability found in 
patient and procedure selection. Finally, close postopera-
tive monitoring of the reconstructed diabetic CN patient 
with appropriate orthosis/bracing and long-term medical 
management of diabetes mellitus is crucial in order to avoid 
any future complications.

Studies have shown higher lower extremity amputation 
and mortality rates of patients with diabetic CN as compared 
to diabetes mellitus alone, yet lower extremity amputation 
and mortality outcomes for surgically reconstructed diabetic 
CN of the foot and ankle are relatively scarce in the literature 
[26, 28, 29]. A single retrospective study of circular external 
fixation for foot/ankle diabetic CN found that the mortality 
rate associated with osteomyelitis was higher than that with-
out osteomyelitis, which was statistically significant [30]. 
Although the overall morbidity and mortality rates were low 
for that study, the authors determined that several risk factors 
potentially contribute to the outcomes of surgical reconstruc-
tion for diabetic CN.
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Fig. 38.4 Preoperative anteroposterior (a) and lateral (b) lower 
extremity radiographs showing an attempted ankle arthrodesis with 
infected nonunion and broken hardware in a morbid obese patient with 
uncontrolled diabetes mellitus. Postoperative anteroposterior (c) and 
lateral (d) lower extremity radiographs showing removal of the infected 
hardware and revisional ankle arthrodesis with a multiplane circular 

external fixation device. The patient was also receiving intravenous 
antibiotic therapy for 6 weeks based on intraoperative cultures. The cir-
cular external fixation device was removed at 16 weeks. Patient was 
placed in a short leg cast for 4 more weeks and then resumed ambula-
tion with a shoe and a double upright brace. Final radiographs at 
10 months postoperatively reveal successful union and alignment (e, f)
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 Conclusion

While prevention is the optimal tool in tackling the burden of 
diabetic foot complications, early diagnosis of the problem(s) 
and immediate referral into a comprehensive treatment pro-
gram that includes all indicated medical and surgical special-
ists with an interest in the diabetic foot are vital to meeting 
these ongoing challenges. The diversity of clinical manifes-
tations encompassing the diabetic foot highlights the need 
for a well-equipped multidisciplinary healthcare setting 
where treatment of every patient can be properly 
customized.
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Diabetic Retinopathy

Daniel Araujo Ferraz and Paulo Escarião

 Introduction

Diabetic retinopathy (DR) is one of the most feared microvas-
cular complications of diabetes mellitus (DM), due to the func-
tional disability that it causes, and is considered an important 
cause of blindness in the economically active population [1]. 
The Wisconsin Epidemiologic Study of Diabetic Retinopathy 
(WESDR) has shown that the type and duration of DM are 
important factors for the onset and progression of DR. After 
20 years of illness, more than 90% of type 1 DM patients and 
60% of those with type 2 will have some degree of retinopathy. 
In DR, the main cause of visual loss is macular edema, which 
may be present from the early stages of retinopathy to cases in 
which there is severe proliferative disease, affecting 30% of 
patients with more than 20 years of diabetes [2].

In Brazil, there are still no studies that accurately demon-
strate the prevalence of DR. However, studies carried out in 
different regions of the country report an incidence of 24–39% 
of cases, being the highest frequency in individuals residing in 
non-metropolitan areas [3–5]. By evaluating the available sta-
tistics, with percentages adapted from other countries, it is esti-
mated that approximately two million Brazilians have some 
degree of DR, and it can be assumed that a significant propor-
tion of these individuals will present visual loss related to the 
disease. In a population study, the incidence of macular edema 
was determined according to the type and duration of 
DM. Above 10 years of disease, the incidence of diabetic mac-
ular edema (DMD) in patients with type 1 DM, type 2 DM 
users of insulin, and type 2 DM who did not use insulin was 

20.1%, 25. 4%, and 13.9%, respectively. In this same study, the 
incidence of DMD in 10 years of disease for both types of DM 
was associated with high glycated hemoglobin, increased dia-
stolic blood pressure, and more advanced retinopathy. The risk 
of blindness from RD can be reduced to less than 5% when the 
diagnosis is made in a timely manner and the treatment done 
correctly before irreversible changes can be established [6].

The cause of DR is multifactorial, and the primary con-
tributor likely is chronic capillary non-perfusion and retinal 
ischemia. The signaling molecules insulin-like growth fac-
tor- 1, platelet-derived growth factor, angiopoietin, and most 
importantly vascular endothelial growth factor (VEGF) all 
play a role in the subsequent development of microangiopa-
thy [7]. Recent evidence also suggests that neurodegenera-
tion is an early event in the pathogenesis of DR.  From a 
clinical standpoint, it is clear that the primary driving factor 
in this pathogenesis is uncontrolled blood glucose levels, 
with blood pressure and blood lipid composition also play-
ing important roles. The diagnosis of DR remains clinical in 
nature. The gold standard for diagnosis is a dilated eye exam 
and serial fundus photos (Table 39.1) [8, 9].

Glycemic control is the main risk factor for the onset and pro-
gression of DR, being evaluated by the measurement of glycated 
hemoglobin. The UKPD-UK Prospective Diabetic Study 
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Table 39.1 Frequency of ophthalmologic examination for diabetic 
patients

Clinical feature First eye examination Follow-up
Diabetes type 1 Within 5 years 

diagnosis
Annually

Diabetes type 2 Upon diagnosis Annually
Diabetes and 
pregnancy

In the first trimester Every 3 months

Normal eye 
examination

– Annually

NPDR mild to 
moderate

– Every 6 months

NPDR severe – Every 4 months
PDR – Every 2–3 

monthsa

aConsider specific eye treatment
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(UKPDS) 8 evaluated 3867 patients with newly diagnosed type 2 
DM for 10 years. This randomized clinical trial demonstrated that 
intensive glycemic control allows a reduction of about 25% in the 
risk of microvascular complications, including HV and need for 
photocoagulation, when compared to the conventional treatment 
group. The Diabetes Control and Complications Trial (DCCT), a 
study of 1441 patients with type 1 DM and 6.5 years of follow-up, 
showed that rigorous glycemic control has adverse effects [1]. 
Among them, there is a risk of an early worsening of DR; this 
occurred in 13.1% of those belonging to the strict control group 
versus 7.6% of those belonging to the conventional treatment 
group. However, this effect was reversed at 18 months; no case of 
early worsening progressed with severe visual loss. Since glyce-
mic control, the most important independent risk factor for DR, the 
patient should be instructed to adhere consistently to clinical treat-
ment to prevent the onset and reduce the progression of DR. [2].

 Classification

The retinal ischemia that occurs due to the thickening of the 
basement membrane of the capillaries induces a tissue 
response through the production of vascular endothelial 
growth factor (VEGF) to form new retinal vessels [10]. The 
absence or presence of this retinal neovascularization divides 
the DR classification into forms:

 1. Nonproliferative (NPDR): without neovascularization
 2. Proliferative (PDR): with neovascularization

NPDR is the initial form of the disease with formation of 
small dilations in the wall of capillaries (microaneurysms), 
leakage of lipids to the extravascular space (hard exudates), 
ischemia in the nerve fiber layer (cotton wool spots), microhe-
morrhages, intraretinal microvascular abnormalities (IRMAs), 
and venous changes (venous loop, beading) [11]. Depending 
on these findings, it can be subdivided into NPDR:

• Mild
• Moderate
• Severe

Patients with severe NPDR have a 15% chance of pro-
gression to PDR within 1 year [12].

PDR is the most advanced form of diabetic retinopathy. 
The new blood vessels have a very thin wall and are also found 
with fibroglial proliferation process that can lead to vitreous 
hemorrhage and retinal detachment with consequent severe 
visual impairment [12]. It can be subdivided into PDR:

• Early
• High-risk
• Advanced

So, the evolution of DR is gradual: the patients at the 
beginning of the retinopathy present with the mild form of 
NPDR, and as the process progresses, they pass to the 
moderate form, then to the severe form, but still without 
new vessels. If the disease evolves and new vessels appear, 
the patient is classified into the proliferative form of the 
disease.

 Maculopathy

Diabetic macular edema (DME) occurs due to increased per-
meability of capillaries by reduction of tight junctions and 
formation of microaneurysms, with accumulation of liquid 
and lipids in the macular area. It is the main cause of 
decreased central visual acuity, occurring in about 10% of 
the diabetic population. The ETDRS classified DME in clini-
cally significant macular edema (CSME) [13] for patients 
who had a higher risk of visual impairment if they presented 
the following characteristics:

 1. Retinal thickening at or within 500 microns of center of 
the fovea

 2. Hard exudates at or within 500 microns of the center of 
the fovea if associated with retinal thickening

 3. One disc area or larger of retinal thickening within 1 
disc diameter of the center of the fovea (Figs. 39.1 and 
39.2)

Figs. 39.1 and 39.2 Patient with nonproliferative diabetic retinopathy 
(microaneurysms and microhemorrhages) and clinically significant 
macular edema (hard exudates at or within 500 microns of the center of 
the fovea if associated with retinal thickening) in both eyes
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 Treatment

Medical management of DR with good glycemic, lipid, 
and blood pressure controls, as well as exercise practice 
and cessation of smoking, is essential to reduce progres-
sion of the disease. Among these, glycemic control is the 
most important factor. Data from the UKPDS and DCCT 
have shown that glycemic control is associated with reduc-
tion of disease onset or reduction of disease progression 
[14, 15].

The indication of DR ophthalmologic treatment depends 
on the presence of macular edema and the stage of the dis-
ease. Treatment options include injecting drugs into the vit-
reous cavity (pharmacological therapy), laser 
photocoagulation, or vitrectomy surgery [16, 17].

Patients presenting with PDR should undergo panreti-
nal laser photocoagulation. Recent studies have also dem-
onstrated the efficacy of intravitreal antiangiogenics for 
stabilization and regression of new vessels. Vitreoretinal 
surgery is indicated for the most advanced cases of the dis-
ease when the patient develops vitreous hemorrhage or 
retinal detachment [18].
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Carbohydrate Counting

Maria da Conceição Chaves de Lemos

 What Is Carbohydrate Counting?

It is a tool to help diabetics program their intake of food, by 
means of which the amount of carbohydrate prescribed is 
what will define the amount of regular or ultra-rapid insulin 
necessary for the meal recommended by the dietitian special-
izing in diabetes. Thus, besides adapting the dose to indi-
vidual sensitivity, glycemic control is optimized when the 
patient follows medical advice as to counting their carbohy-
drate intake. The American Diabetes Association in 2018 
recommend “for people with type 1 diabetes and those with 
type 2 diabetes who are prescribed a flexible insulin therapy 
program, education on how to use carbohydrate counting and 
in some cases fat and protein gram estimation to determine 
mealtime insulin dosing is recommended to improve glyce-
mic control” as a level of evidence [1].

A systematic review and meta-analysis of randomized 
controlled trials of interventions longer than 3 months com-
pared carbohydrate counting with general or alternate dietary 
advice in adults and children with type 1 diabetes. This anal-
ysis showed that there was some evidence to support the rec-
ommendation of carbohydrate counting in usual care in 
adults with type 1 diabetes, but in children, differences in the 
study design probably induced heterogeneity between stud-
ies [2]. Carbohydrate counting remains a standard method of 
administering meal-related insulin in most centers. This was 
the conclusion of a consensus that was published in 2015.

The researchers found that some type 1 diabetics do not 
consult their doctor regularly because they consider them-
selves self-sufficient, but it is important they maintain carbo-
hydrate counting to optimize their treatment and make any 
necessary adjustment to basal insulin as advised by the health 
time. Nevertheless, although this behavior occurs in some situ-
ations, this method continues to be useful and effective [3].

 Who Should Do Carbohydrate Counting?

Counting carbohydrates is a useful tool when setting the dia-
betic’s diet. If we started by asking who should do carbohy-
drate counting, we would come to the conclusion that it is 
important that all diabetics should do so. If today those who 
use only diet therapy to control blood sugar consume, for 
example, 60 g of carbohydrates at breakfast and double that 
amount for the same meal at weekends, their glucose levels 
will rise. Those who also make use of oral hypoglycemic 
agents in an amount that does not vary from the medication 
but alters their consumption of carbohydrates will suffer 
from hyperglycemia on the days that they eat more 
carbohydrates.

Currently, there are two schemes of insulinization: the 
conventional one, using two applications per day of pro-
longed action insulin, 2/3 of the dose in the morning and 1/3 
before dinner or at bedtime, and an intensive one that uses 
long-acting insulin, representing the basal dose, along with 
the rapid-acting (regular) or ultra-rapid (UR) insulin, both of 
which should be applied before the meal in question.

In the conventional scheme, since the insulin doses are 
fixed, the amount of carbohydrates should not vary from day 
to day. Both insulin therapy schemes require carbohydrates 
to be counted, thus establishing its importance for the entire 
population of diabetics. Classical studies such as the Diabetes 
Control and Complications Trial (DCCT) [4] and UK 
Prospective Diabetes Study (UKPDS) [5] pointed out that 
glycemic control, including glycated hemoglobin A1c in the 
latter, modifies the risk of complications arising from the dis-
ease. Therapy that uses counting has been used in Europe 
since 1930, and in 1990, it was also used in the DCCT study. 
In 2011 [6], the International Diabetes Federation (IDF) con-
firmed its view that postprandial hyperglycemia is associated 
with an increase in retinopathy, oxidative stress, inflamma-
tion, and endothelial dysfunction and thus contributes sig-
nificantly to cardiovascular risk.

A transversal study was conducted in the Hospital das 
Clínicas of the School of Medicine of University of São 
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Paulo with 21 DM2 patients, who attended a carbohydrate 
counting course. The aim was to evaluate the application of 
the method of carbohydrate counting. The researchers con-
cluded that it was important for patients because the course 
about carbohydrate counting promoted a significant reduc-
tion of glycated hemoglobin and improved blood glucose 
control. In addition, the patients learned how to change their 
diets and to vary these more and therefore how to adopt 
healthier eating habits [7].

 Criteria for Prescribing the Counting 
of Carbohydrates

In type 1 diabetes mellitus, type 2 diabetes mellitus, and ges-
tational diabetes, the criteria should be directed at individu-
alizing the diet, thereby achieving the appropriate glycemic 
goal and evaluating the time of greatest resistance to insulin. 
It might be thought that since glycated hemoglobin A1c is 
verified, self-monitoring should be discarded, but the test for 
glycated hemoglobin A1c does not evaluate fluctuations in 
blood glucose levels, besides which it is of fundamental 
importance that the multidisciplinary team knows the glu-
cose levels before and after meals and especially that they 
attach due significance to the postprandial blood sugar level 
because of its clinical relevance [8]. In type 1 diabetics, the 
postprandial glycemic target is broader so as to avoid the 
risks of hypoglycemia generating repercussions for the 
growth of children and adolescents, but it should be assessed 
case by case.

Some diabetologists and the American Diabetes 
Association (ADA) currently consider that between 150 and 
180 mg/dl is appropriate. The glycemic level of this popula-
tion is more difficult to control as one needs to take into 
account the patient’s age, maturity, acceptance of the dis-
ease, the concentration of growth hormone, etc. A recently 
published study involving type 1 diabetics and their families 
emphasizes the importance of carbohydrate counting in this 
population. For type 2 diabetics, the goals are more restricted: 
HbA1c less than 6.5%, preprandial glucose of 5.5  mmol/
(<100  mg/dL), and postprandial glucose of 7.8  mmol/
(<140  mg/dL) IDF [3, 6] (2011). The importance of the 
entire population of diabetics conducting self-monitoring is 
emphasized [8]. In gestational diabetes, the biochemical 
parameters are fasting glucose <90 mg/dL and postprandial 
blood sugar <140 mg/dL at 1 h and <120 mg/dL at 2 h.

The IDF considers that there is a substantial amount of 
scientific evidence to suggest that diets with a low glycemic 
load are beneficial for controlling postprandial glucose. The 
glycemic load is the glycemic index per edible portion of 
food; in other words, it is an objective way of expressing to 
what extent the food content modifies the postprandial 
response [6, 9].

On the other hand, higher daily blood glucose variability 
in adults with type 1 diabetes could be the result of inaccu-
rate carbohydrate counting. A project is starting to evaluate 
carbohydrate counting, and they found that 63% of the 448 
meals analyzed were underestimated when compared with 
the patients’ estimates and those assessed by a dietitian using 
a computerized analysis program,b but regular review and 
monitoring of this method might be useful [10].

 Choice of Nutritional Therapy

To control blood sugar with nutritional therapy, there is the 
exchange list [9, 11] or a list of exchanges representing an 
average of foods, in which the foods are represented by 
groups. Available software programs may also be included, 
such as Diet-Pro or Diet-Win or other programs that analyze 
diet. This will be calculated by the nutritionist who will 
inform the patient of the substitutions to be made.

Another technique is to use foods in isolation. This is a 
more precise method and is the most suitable technique for 
patients who have most difficulty in exercising control, 
although it is harder to work with. The counting of points is 
a dietary program that only includes food calories, so it is not 
recommended.

Another important tool for patients is the manual for 
counting carbohydrates, which presents food items in isola-
tion, with their amounts of calories and carbohydrates. Then, 
there are pocket manuals that facilitate the calculation of 
counting and present food in household measurements. For 
patients who use an insulin pump, counting each food item is 
a better option because their sensitivity to glycemia is greater 
than that of the impact of each food item on glycemia. 
Despite the availability of these methods, the support of the 
professional dietitian is an important and irreplaceable part 
of the program of carbohydrate counting [12].

 Action of Insulins

Carbohydrate counting has become a necessity since the 
advent of ultra-rapid insulin analogues. Since 2002 [11], the 
ADA has advised that it is the amount of carbohydrates in 
the meal that will define the amount of UR insulin. Indeed, 
the freedom to eat outside the home has increased with these 
insulins [13, 14]. It is important to realize that the onset of 
action of UR insulin takes 10–15 min and that it should be 
taken as soon as the individual has defined how much carbo-
hydrate he/she will consume during the meal.

Long-acting insulin will maintain the basal blood sugar 
and will already have been prescribed by a physician. The 
amount of ultra-rapid insulin required by the meal in ques-
tion should be that recommended by a nutritionist specializ-
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ing in diabetes, since it is based on the consumption 
prescribed by the nutritionist with the participation of the 
physician. The long-acting insulin regimen, together with 
UR action insulin, represents the most physiological regimen 
currently in existence [12, 15].

When the patient makes use of regular insulin, the onset 
action of which takes 30–60 min and lasts up to 6 h, physicians 
usually recommend that it be taken in the morning and in the 
afternoon; they avoid prescribing it at lunch time because of 
the risk of hypoglycemia, due to its long action, unless the 
individual is very resistant to the action of insulin, is very glut-
tonous, or maintains higher glucose levels after lunch.

It is also important to note that regular or UR insulins cor-
rect blood glucose levels which, when high, are known as 
correction boluses [15]. The improvement in glycemic con-
trol is due to the correction of blood sugar levels by means of 
individualized observation [16]. For this to happen, it is 
important to know the sensitivity factor (SF) [16], which var-
ies with the type of insulin. There is a practical rule for 
checking SF for UR insulin, in which the total dose of insu-
lin/day (basal insulin plus the ultra-rapid doses) is divided by 
the absolute number 1800 [17]. The same applies to rapid 
insulin, except that the total dose is divided by 1500. It can 
be observed that, on average, 1 unit of UR insulin reduces the 
level by 45–50  mg/dL and that 1 unit of regular insulin 
decreases it on average by 25–30 mg/dL. Since we are deal-
ing with individuals, the peculiarities inherent in each indi-
vidual require that the observation be made by a 
multidisciplinary team.

The period of greatest resistance to insulin is in the morn-
ing, owing probably to the circadian action of hormones. It 
may be assumed that patients with kidney disease and the 
elderly, because of renal dysfunction and their living longer, 
present a slower insulin depuration rate and thus require their 
blood glucose to be monitored more closely because of the 
risk of hypoglycemia due to the fact that circulating insulin 
has a longer life. The concomitant evaluation of their nutri-
tional status is necessary because, when the patient’s decom-
pensation improves, his/her weight may go up, which favors 
greater resistance to insulin [17, 18].

The Dose Adjustment for Normal Eating (DAFNE) study 
[19], which is used throughout England as a guide in the 
counting of carbohydrates, when the patient, along with the 
multidisciplinary team, practices optimizing the amount of 
insulin to the carbohydrates of the meal, has shown that there 
is an improvement in the quality of life and glycemic control 
when such an effective intensive scheme is used [20].

The insulin-to-carbohydrate ratio is dependent on the 
individualized response and uses weight as a reference 
(Table 40.1). Excess weight increases insulin resistance, as is 
amply demonstrated in the literature [17]. The higher the 
weight, the more insulin the individual will take, thus 
increasing the risk of gaining weight and constituting a 

vicious cycle. Infections, which are prevalent on this popula-
tion, also prompt a rise in glucose levels.

With regard to children and adolescents, since a child’s 
weight is half that of an adult, 1 unit for every 30 g of carbo-
hydrates is taken, if the child weighs on average 25  kg. 
Another aspect to be considered is that due to the action of 
the growth hormone present in children and adolescents, 
there is greater resistance to insulin, which makes control in 
this type 1 diabetic population difficult. Individualized and 
monitored action to evaluate pre- and postprandial blood 
glucose levels should be a priority when overseeing the 
adjustment of the doses of insulin [16, 21].

Another important aspect of glycemic control for those 
who use insulin therapy is to choose the appropriate insulin 
needle, which needs to reach the subcutaneous tissue; if the 
needle is oriented incorrectly, it will make all glycemic con-
trol difficult, even if carbohydrate counting is done 
satisfactorily.

 Exercises

Physical activity is an important pillar in the control of blood 
glucose because it enhances insulin sensitivity and control of 
weight [16, 22]. Excessive exercise can elevate blood sugar 
levels or foster the emergence of hypoglycemia. 
Decompensated patients should only start exercise after their 
glucose levels have been adjusted because of the action of 
counter-regulatory hormones.

 What Is the Effect of Alcohol on Blood 
Glucose?

Alcohol has 7 cal for 1 g. It is metabolized, enters the Krebs 
cycle, and provides energy, referred to as empty calories, 
because it contains neither vitamins nor mineral salts. 
Starting at 15 g of ethanol for women and 30 g for men, there 

Table 40.1 Estimate of the insulin-carbohydrate ratio as per body 
weight

Weight (kg) Units of insulin: g of CHO
25 1:30
45–49 1:16
49.5–58 1:15
58.5–62.5 1:14
63–67 1:13
67.5–76 1:12
76.5–80.5 1:11
81–85 1:10
85.5–89.5 1:9
90–98.5 1:8
99–107.5 1:7
≥108 1:6
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will be an increase in blood pressure and glucose levels; 30 g 
of ethanol is the equivalent of two shots of whisky, two shots 
of vodka, and two glasses of wine for men, and the amounts 
for women should be approximately half of these.

The liver is an organ that stores glycogen reserves, but 
alcohol is metabolized in the liver. With a higher consump-
tion of ethanol, glycogen is depleted and alcohol degraded, 
thus leading to the risk of hypoglycemia. The consumption 
of alcoholic drinks initially raises blood glucose levels and 
subsequently, with increased consumption, will lead to hypo-
glycemia [11]. In clinical practice, it is recommended that 
alcohol be consumed after eating in order to avoid precipitat-
ing the onset of hypoglycemia. Assessing blood sugar levels 
before and after ingesting alcohol will indicate the proper 
amount of insulin. If blood glucose is below 70 mg/dL, alco-
hol should not be ingested.

 How Is the Amount of Carbohydrates 
in a Meal to Be Assessed?

This assessment may be made by weighing food, but this is a 
more cumbersome way to do so. Using tables of domestic 
measures and consulting a manual that counts carbohydrates, 
in which such measures are used and the amounts of carbo-
hydrates and calories are given in alphabetical order [17], are 
recommended. Manuals of this kind are already available in 
paperback. It is important to note that support and feedback 
from a professional nutritionist who is a specialist in this 
field is of great importance in the process of learning and 
controlling desirable glycemic targets, but is not a substitute 
for the nutritionist-patient relationship [21, 23]. The basics 
of carbohydrate counting are shown in Table 40.2.

The factors affecting an estimation of carbohydrate con-
tent of meals in carbohydrate counting in patients with type 
1 diabetes mellitus were estimated, and the researchers con-
cluded that there were some particular foods to which atten-
tion needs to be paid. The tendency to underestimate carbs 
was more marked for bowls of rice and curry and rice among 
the foods of the high-CHO group, but it is important to say 
that this is a Japanese study [24]. It is not easy, even for 
patients with CHO counting experience and who have new 
methods for this [25].

 Effects of Food on the Blood Sugar Level

Carbohydrates raise the blood sugar level by 100%, proteins 
by 60%, and fats by 10% on average. Carbohydrates raise 
glucose linearly, i.e., the more the carbohydrates are con-
sumed, the more the glucose level rises. Protein increases the 
blood glucose level on account of the glycogenetic amino 
acids, which play a part in gluconeogenesis, and of fat, 
because it is ingested more slowly and maintains glucose 
levels higher for longer, but it does not alter the glucose level 
as the other macronutrients do.

Some diabetics already use two doses of insulin, one 
immediately after the meal and the other 2 h later, to correct 
the effect produced by high-fat foods, such as pizza, Brazilian 
beef, and pork stew. The glycemic load of a food is affected 
by the content of fats, fibers, proteins, and how the food is 
cooked and also factors inherent in the individual [8]. As 
regards fibers, it is recommended that if a food has more than 
5 g of fiber, this should be subtracted from the total carbohy-
drate content of the meal, since fiber decreases the glycemic 
response [17].

One of the priority aspects of carbohydrate counting is to 
understand the size of the portion of food, because what will 
determine the amount of insulin is the amount of carbohy-
drates in the meal [22]. In performing the carbohydrate 
count, it is important to (1) identify the amount of carbohy-
drates per meal per day, (2) match the portions of carbohy-
drates to the meal, and (3) practice the size by measuring or 
weighing or using as a reference the replicas of food used by 
nutritionists [17].

When the treatment of diabetes uses oral hypoglycemic 
agents or the conventional scheme for using insulin, the 
ingestion of the same amounts of carbohydrates is necessary, 
since the quantity of the medication is fixed. For patients 
who use the intensive scheme, it is not appropriate initially to 
modify the amount of carbohydrates in order that the optimal 
dose of insulin may be found. Subsequently, however, when 
the patient has acquired a better knowledge of the appropri-
ate amount of insulin for the meal in question, there is greater 
freedom with regard to varying the amount of carbohydrates 
per meal [19]. In snacks, since the recommended carbohy-

Table 40.2 Counting carbohydrates

Group Example/portions
Amount of 
carbohydrate (g)

Bread ½ morning roll/one slice of sliced 
bread/three tablespoons of rice/three 
water and salt biscuits/½ cup of 
spaghetti

15

Milk 1240 ml cup of milk/1 cup of 
yoghourt

12

Fruit 1 medium-sized apple/1 medium- 
sized pear/3 slices of mango/1 small 
banana

15

Vegetables 1 teacup of raw vegetables/½ teacup 
of cooked vegetables

5

Meat 1 small steak/three soupspoons of 
minced beef/two chicken drumsticks

15

Fat 1 teaspoon of margarine 0

1 steak (medium) = 90 g
Reasoning: 90 g meat = 25 g protein
Given that 60% is converted into glucose, 25  ×  0.6  =  15  g 
carbohydrate
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drate content is, on average, 15–30 g, no dose of insulin is 
required because the amount of carbohydrates is not 
significant.

Another aspect that should be mentioned to the patient is 
that if he/she still feels hungry, it is better to eat more in main 
meals. Leguminous food plants such as beans, peas, lentils, 
and chickpeas should be included in the diabetic’s diet 
because they present low glycemic responses, obviously 
without adding fatty meats to the legumes, since these foods 
modify the glycemic response of the meal, owing to the 
higher amount of soluble fibers [8].

Oleaginous foods such as cashew nuts and Brazil nuts, as 
long as they are eaten in moderation, can and should be part 
of the menu for diabetic patients, as well as for pregnant 
women with gestational diabetes, because they are rich in 
omega 3 from the vegetable kingdom, monounsaturated fat, 
and selenium, and have 70% good-quality fat and a low gly-
cemic response, but the consumption of 12 cashew nuts or 4 
Brazil nuts already represents 90 cal. They are a good option 
for snacks or for adding to salads.

Patients who enjoy Japanese food should consider that for 
every sushi, there is a corresponding one tablespoonful of 
rice and that sugar is used as part of the mixture, besides 
being an ingredient of cucumber sunomono. The blood glu-
cose level should therefore be measured before the meal, the 
average consumption and corresponding dose of insulin 
checked, and the capillary glucose verified 2 h later.

Since Italian cuisine uses a large amount of cheese, there 
is a need to split the dose of insulin because of the delayed 
effect of the action of the fat on blood glucose. Currently, 
counting is done because it affords diabetic patients greater 
freedom [11]. However, the individual needs to be aware that 
insulin is a lipogenic hormone and thus the consumption of 
carbohydrates should be proportional to that of insulin [8]. In 
other words, if the patient needs to lose weight, there is a 
need for fewer carbohydrates in the meal so that a lesser 
amount of insulin is made available.

The IDF considers that there is a considerable volume of 
scientific evidence that diets with a low glycemic load are 
beneficial for controlling postprandial glucose [6]. The gly-
cemic load represents the glycemic index per edible portion 
of food [9]. In other words, it is an objective way of measur-
ing the extent to which food modifies the postprandial 
response. The percentage of protein should be less than 20% 
[21], since in clinical practice, we observe a tendency for 
diabetic patients to consume protein in larger quantities, 
which, according to the literature, seems to raise the glomer-
ular filtration rate, which is undesirable in the diabetic 
population.

Sometimes patients may not be sure as to whether a par-
ticular food raises blood glucose levels. In this situation, 
after 4 h without eating food, from a metabolic viewpoint, it 
is as if there had been a return to fasting. This provides an 

opportunity for the individual to measure his/her preprandial 
blood sugar level and, 2 h later, to observe the impact that the 
test food has on the blood glucose level.

Some foods, because they contain small amounts of car-
bohydrate (less than 5 g) or few calories, need not be taken 
into consideration in the food schedule of the diabetic [10, 
15]. These foods are listed in Table  40.3. Although it is 
known that low sucrose does not seem to hamper glycemic 
control and that what is important is the quantity and fre-
quency with which food is included in the diet plan, the fre-
quent consumption of sucrose is not recommended, because 
foods rich in sucrose are also rich in saturated fats, in addi-
tion to raising the blood glucose level more quickly [17].

Foods such as white bread, couscous, and potatoes should 
be used with due care in a diabetic’s diet because they pro-
duce high blood glucose levels [9], but should never be pro-
hibited as diabetes is a chronic disease. The same is true for 
the following: banana, mango, jackfruit, orange juice, plums, 
and raisins. These should be avoided, particularly in periods 
of decompensation, and consumed preferably before under-
taking any physical exercise or when blood sugar levels are 
lower than usual.

Labels need to be read (Tables 40.3 and 40.4) [17]. 
When eating outside the home, a self-service establishment 
is preferable as consumption can more easily be kept to 
what has been recommended, while à la carte restaurants 
should be preferred to barbecue houses, which encourage 
consumption in excess. In cafeterias, sandwiches with fatty 
cheese should be avoided. Wholemeal bread is to be pre-
ferred, and fried food, sauces with mayonnaise, or sour 
cream avoided, while bread and potatoes should not be 
eaten during the same meal.

The degree of accuracy of carbohydrate counting among 
patients is still not satisfactory. Therefore, more effective 
education should be provided to patients who show that they 
need to improve their diets with carbohydrate counting. The 
average accuracy of the test score for all patients analyzed 
was 59%. In this paper, the author emphasizes the impor-

Table 40.3 List of foods with less than 5 g of carbohydrates

Food Portion limit
Sweetener Use at most three drops at one time
Diet sweet 1 small tin or 10 units per day
Coffee or tea with 
sweetener

Use at most five drops of sweetener per cup

Diet chewing gum 10 units per day
Diet gelatin 1 box (approximately five cups) per day
Diet jelly 1 full (dessert) spoon at breakfast and 

another one at supper
Ice cream zero% fat 1 small dish midmorning and another as an 

afternoon snack
Ketchup or mustard 1 full (soup) spoon per day
Diet, light, or zero 
soft drink

2 cans or 3 small cups (200 ml) per day
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tance of carbohydrate counting to patients and to provide a 
good level of training in nutrition therapy for diabetes [26].

In situations of hypoglycemia, the recommended con-
sumption is as follows: one glass of an ordinary soft drink or 
one glass of orange juice or one soup spoon of sugar and 
three caramel toffees [17]. Liquid consistency is better 
because the food is more easily absorbed than solid foods. 
Foods such as chocolate should be avoided as their fat con-
tent raises blood sugar more slowly. Episodes of hypoglyce-
mia are the result of excessive physical activity, eating 
smaller amounts of food than necessary, or using more insu-
lin than is appropriate.

The professional nutritionist needs to:

• Assess nutritional status
• Perform dietary anamnesis
• Calculate the diet plan, and prioritize the macro- and 

micronutrients according to the ADA guidelines
• Provide the amount of carbohydrates according to the 

amount of ultra-rapid or regular insulin [17]
• Check the individual’s sensitivity factor
• Evaluate the pre- and postprandial blood glucose levels, 

and adjust the doses according to the postprandial 
responses in conjunction with the diabetologist

• Monitor nutritional status [25], glycemic and lipid pro-
files, and renal function, adjusting the diet when 
necessary

 Concluding Remarks

Previously, food programming was calculated and offered to 
the individual with diabetes, together with nutritional guide-
lines. Currently, using the food anamnesis collected, the pro-
fessional will adapt eating habits as closely as possible to the 
patient’s eating habits, everyday life, individual preferences, 
and sociocultural profile. The orientation of carbohydrate 
counting, insulin analogues, and insulin pumps provide 

greater freedom and a better quality of life for this popula-
tion. Thus, controlling blood glucose levels in these patients, 
thereby stimulating their pleasure in eating in a balanced 
way, is a priority and a major challenge for nutritionists.
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Pharmacological Treatment of Obesity

Francisco Bandeira and Ana Maíra Quental da Nóbrega

 Introduction

The development of obesity involves environmental and 
genetic factors. The high-calorie intake and the reduction of 
time spent doing physical activity are the typical environ-
mental factors associated with this pathology, but not all the 
people exposed to such conditions become obese, suggesting 
the existence of underlying genetic mechanisms at an indi-
vidual level [1]. Eleven rare monogenic forms of obesity are 
recognized, including leptin and melanocortin-4 receptor 
deficiencies, which are expressed in the hypothalamus and 
are involved in neural circuits that regulate energy homeosta-
sis, the latter being the most common cause of monogenic 
obesity responsible by 2–5% of children with severe obesity 
(Table 41.1) [2, 3].

Evidence suggests that the intestinal microbiota may par-
ticipate in the genesis of obesity. The intestinal fibers not 
digested by the human intestine are metabolized by these 
microorganisms into short-chain fatty acids with butyrate, 
propionate, and acetate, which act through the G protein- 
coupled receptors, GPR41 and GPR43, in enteroendocrine 
cells, enteric neurons, and enteric leukocytes, exerting ben-
eficial effects on glucose homeostasis and energetic balance 
in addition to local anti-inflammatory action. Short-chain 
fatty acids may contribute to the improvement of the meta-
bolic syndrome by promoting secretion of peptide hormones, 
such as the YY peptide and glucagon-like peptide type 1 
(LGP-1), which decrease appetite and increase insulin 
release, respectively. Facing a caloric, low-fiber diet, the bac-
teria of the microbiota expand, degrading the mucus layer 

and inducing metabolic inflammation and increased intesti-
nal permeability, predisposing to obesity [4].

Genes and environment interact in a complex system that 
regulates energy balance and physiological processes linked 
to weight. Two sets of neurons in the hypothalamic arcuate 
nucleus, which are inhibited or excited by circulating neuro-
peptide hormones, control energy balance by regulating food 
intake and energy expenditure. Short- and long-term energy 
balance is controlled through a coordinated network of cen-
tral mechanisms and peripheral signals that arise from the 
microbiome and adipose tissue cells, stomach, pancreas, and 
other organs. The extrahypothalamic brain regions contrib-
ute to the regulation of energy balance through the input of 
the sensory signal, cognitive processes, hedonic effects of 
food consumption, memory, and attention [2].

 Pathophysiology

Obesity is accompanied by increased macrophages and other 
immune cells in adipose tissue, in part due to tissue remodel-
ing in response to adipocyte apoptosis. Visceral adipose tis-
sue causes increased intraabdominal pressure, which 
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Table 41.1 Causes of obesity

Primary causes Secondary causes
Genetic causes Neuropsychiatric: brain injury/tumor; 

consequences of cranial RT; 
hypothalamic obesity; depression; eating 
disorders

Monogenetic disorders: 
mutation at the 
melanocortin-4 receptor; 
leptin deficiency; POMC 
deficiency

Endocrine: hypothyroidisma; Cushing’s 
disease; GH deficiency; 
pseudohypoparathyroidism

Syndromes: Prader-Willi; 
Bardet-Biedl; Cohen; 
Alström; Froehlich

Medication: tricyclic antidepressants; 
STEEL; antipsychotics; anticonvulsants; 
glucocorticoids; sulfonylureas; 
glitazones; beta blockers

aControversial if hypothyroidism causes obesity or exacerbates obesity. 
RT, ACO radiotherapy, oral contraceptive
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supposedly explains the high risks of gastroesophageal reflux 
disease and consequent Barrett esophagus and esophageal 
adenocarcinoma, in addition to arterial hypertension, the lat-
ter partly due to renal compression. The increase of soft tis-
sues in the region of the pharynx can block the airways 
during sleep, leading to obstructive sleep apnea. Being over-
weight can also cause an overload on the joints, predisposing 
to osteoarthritis [2].

Adipocytes synthesize adipokines and hormones, and 
their secretion rates and their effects are influenced by the 
distribution and amount of adipose tissue present. Elevated 
levels of free fatty acids, inflammatory cytokines, and lipid 
intermediates in non-adipose tissues contribute to impaired 
insulin signaling and insulin resistance in obese patients. 
This constellation of metabolic and anatomical findings is 
one of the several pathophysiological mechanisms underly-
ing dyslipidemia, type II diabetes mellitus (T2DM), nonal-
coholic steatohepatitis (NASH), osteoarthritis, and 
neoplasms [2].

Chronic hyperactivity of the sympathetic nervous system is 
present in some patients with obesity and may explain, in part, 
multiple pathophysiological processes, including hyperten-
sion, coronary syndrome, stroke, and dyslipidemia [2].

 Diagnosis

Body mass index (BMI) has been widely used to define obe-
sity, which is diagnosed when the ratio of weight per height 
squared is greater than or equal to 30 kg/m2, whereas a value 
between 25 and 29.9 kg/m2 is overweight. Although it has a 
very practical use for population studies, it does not provide 
an accurate measurement of body composition and is not the 
best parameter to establish a diagnosis for this condition, 
given that it provides excess weight and not fat [5].

An accurate measurement of body composition is a valu-
able tool for assessing and diagnosing biological processes 
related to health. Normally, this evaluation is done by esti-
mating the fat mass (FM), the percentage of fat mass (FM%), 
the fat-free mass (FFM), and fat distribution [5, 6].

The bioimpedance method (BIA), especially with the use 
of multifrequency approach, is considered a valid method of 
analysis of total and regional body composition that is widely 
available, fast, noninvasive, and relatively inexpensive. In 
general, estimates of body composition by different BIA 
devices are based on impedance, reactance, resistance, or 
phase angle measurements for the electric current. The raw 
values are converted to different body composition parame-
ters using special algorithms. To do this, it is necessary to 
remove metal objects, such as rings and watches, elimination 
of body fluids, and a minimum of 6  h without practicing 
intense exercise and 12 h without ingesting alcohol or caf-
feine in large quantity [5, 6].

Dual-energy X-ray absorptiometry (DXA) is generally 
accepted as the gold standard for measuring body composi-
tion as well as bone density. It allows the direct measurement 
of lean mass, fat mass, and bone density with high precision. 
However, it is an expensive device and is not widely avail-
able [5, 6].

The two methods provide the fat mass, its percentage, and 
the fat-free mass, which is the total body mass minus the fat 
mass and includes water, bone, and muscle tissue. The fat 
mass index (FMI) provided by the two tools is calculated by 
dividing the fat mass by height squared, the normal value 
being between 3 and 6 kg/m2 for males and 5–9 kg/m2 for 
females. The classification of obesity grades I, II, and III is 
shown in Table 41.2 [6, 7].

A study carried out with an obese population submitted to 
the nutritional intervention for weight loss compared the 
BIA parameters with DXA. The results showed that the BIA 
data (IMF, FM%, and FFM) correlate well with those of 
DXA, although it tends to underestimate FM% [6].

Besides the utility for definition of obesity, BIA and DXA 
also have value to search sarcopenia through calculations of 
the skeletal appendicular muscle mass by height squared or 
BMI. The indices and cutoff points for lean mass evaluation 
are shown in Table 41.3 [8, 9].

New emerging laboratory tests may also aid in the better 
characterization of adiposopathy. The leptin and adiponectin 
hormones represent these tools and can be used for risk strat-
ification in patients with obesity. Leptin levels increase pro-
portionally to fat mass. On the other hand, the serum level of 
adiponectin decreases inversely to adipose tissue. An increase 
in the leptin/adiponectin ratio correlates with an increase in 
adiposopathy, which is related to increased metabolic and 
cardiovascular risk, whereas a decrease in this ratio indicates 
normalization of adipose tissue function [7]. The biomarkers 
of obesity are shown in Table 41.4.

 Pharmacological Treatment

Antiobesity drugs play a role in weight control through their 
action on the central nervous system (CNS) or peripheral tis-
sues (muscle, adipose tissue, kidney, or gastrointestinal 

Table 41.2 Classification of IMP-based fat mass (fat mass index)

Classifications FMI male (kg/m2) FMI female (kg/m2)
Severe fat deficit <2 <3.5
Moderate fat deficit 2 to <2.3 3.4 to <4
Low fat deficit 2.3 to <3 4–5
Normal 3–6 5–9
Overweight >6–9 >9–13
Obesity level I >9–12 >13–17
Obesity level II >12–15 >17–21
Obesity level III >15 >21
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tract), which may reduce appetite or increase satiety through 
its action on hormone-specific receptors and serotonergic, 
noradrenergic, dopaminergic, opioid, cannabinoid, or brain- 
specific receptors, increase energy expenditure and fat oxi-
dation by the activation of catecholaminergic mechanisms in 
the CNS and/or peripheral tissues, reduce fat absorption by 
inhibiting lipase in the gastrointestinal tract, and induce 
depletion of nutrients, for example, by inducing glucose 
depletion by the kidneys [10].

Pharmacotherapy is indicated as a complement to changes 
in lifestyle and may be considered for patients with BMI 
greater than or equal to 30 kg/m2 or even between 27 and 
29.9 kg/m2 with at least one other comorbidity [2].

Efficacy and safety should be evaluated monthly in the 
first 3  months of treatment. If the response is considered 
insufficient (weight loss <5% in this period) or if there is any 
safety or tolerability problem at any time, the drug should be 
discontinued, and alternative medicines or other approaches 
should be considered [11].

For the treatment of obesity in the long term, the FDA has 
approved five therapies to date: topiramate/phentermine, 

bupropion/naltrexone, lorcaserin, orlistat, and liraglutide 
(Table 41.5) [11].

 Phentermine/Topiramate Association

Topiramate is an anticonvulsant associated with weight loss. 
Its CNS effects include action on the orexigenic GABA sys-
tems, causing suppression of appetite. Studies investigate its 
use for the treatment of binge eating. Amphetamines act on 
hypothalamic receptors to release norepinephrine, dopa-
mine, and serotonin, increasing CNS activity and resting 
energy expenditure and decreasing appetite and food intake, 
leading to weight reduction. Phentermine is the amphet-
amine analogue with the lowest potential for addiction, being 
released in the United States for short-term use alone in anti-
obesity treatment [12, 13].

The efficacy of weight loss with this association (Qsymia) 
used orally for the suppression of appetite was assessed in a 
1-year study that tested two different dosages for each drug 
in the following combinations: 7.5-mg phentermine with 
46-mg topiramate and 15-mg phentermine with 92-mg topi-
ramate. The results showed a mean weight loss of 14.4%, 
6.7%, and 2.1% with a higher dose of Qsymia, lower dose of 
the same medication, and placebo, respectively, as well as 
reduction of cardiovascular risk factors with medication 
administration [13, 14]. Other clinical trials that were funda-
mental to its FDA approval are ENQUATE, EQUIP, and 
SEQUEL [15–17].

The most common adverse reactions to phentermine/topi-
ramate in these trials were paresthesia, dysgeusia, insomnia, 
constipation, and dry mouth, with no increased risk of seri-
ous cardiovascular side effects. It is contraindicated for use 
during pregnancy because of the risk of orofacial fissures 
related to topiramate [12].

 Naltrexone/Bupropiona Association

Although it is a relatively weak inhibitor of norepinephrine 
and dopamine uptake, bupropion also stimulates pro- 
opiomelanocortin (POMC) hypothalamic neurons, leading 
to activation of melanocortin receptors and induction of 
weight loss through suppression of appetite and increase of 
energy expenditure. Naltrexone blocks the inhibitory action 
of beta-endorphin on POMC neurons, preventing the cessa-
tion of bupropion-induced activation [12, 18].

Various 56-week phase III clinical trials were performed 
with the combination of 16- or 32-mg naltrexone/360-mg 
bupropion (Contrave) in obese or overweight patients and 
another comorbidity. In the Contrave Obesity Research trials 
(COR-I and COR-II), 36–42% of participants using a 
Contrave associated with lifestyle change (LSC) achieved a 

Table 41.3 Evaluation of muscular mass by DXA and BIA

Index Description Cutoff point
DXA Baumgartner 

criteria
Skeletal muscle mass (arms 
and legs) in relation to the 
square of height

Female: 
5.45 kg/m2

Male: 
7.26 kg/m2

FNIH Skeletal muscle mass (arms 
and legs) regarding BMI

Female: 
0.512 kg/m2

Male: 
0.789 kg/m2

BIA SMI Skeletal muscle mass to the 
square of height

Female: 
6.76 kg/m2

Male: 
10.76 kg/m2

FFMI Fat-free mass in relation to 
square height

Female: 
15.4 kg/m2

Male: 
17.4 kg/m2

DXA dual-energy X-ray absorptiometry, BIA bioimpedance, SMI skel-
etal muscle mass index, FFMI fat-free mass index, FNIH Foundation 
for the National Institutes of Health

Table 41.4 Adiposopathy biomarcants

Adiposopathy biomarkers
Hyperinsulinemia/hyperglycemia
Increased triglycerides/HDL fall
Elevation of free fatty acids
Elevation of leptin
Decreased adiponectin
Increased leptin/adiponectin ratio
Increased TNF-alpha
Activation of the renin-angiotensin-aldosterone axis
Male hypoandrogenism
Female hyperandrogenism

HDL high-density lipoprotein, TNF-alpha tumor necrosis factor alpha
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weight loss greater than or equal to 5% compared with 
17–18% of those who did LSC with placebo [19–21].

Individuals treated with this combination had reduced 
cardiometabolic risk factors and improved quality of life as 
well as improved satiety [13].

The most common side effects of naltrexone/bupropion 
include nausea, change in bowel habit (constipation or diar-
rhea), headache, vomiting, insomnia, and dry mouth. It is con-
traindicated in cases of gestation, uncontrolled  hypertension, 
convulsive disorders, use of other products containing bupro-
pion, chronic use of opiates, use of monoamine oxidase inhibi-
tors (MAOIs) in the last 14  days or individuals who have 
suffered abrupt withdrawal of alcohol, benzodiazepines, and 
barbiturates or antiepileptic drugs [21].

 Lorcaserin

Lorcaserin acts at the 5-hydroxytryptamine 2C receptor 
(5-HT2C), causing an increased release of serotonin into the 
CNS.  Central serotonin participates in food behavior and 
energy balance modulation, directly modulating the hypo-
thalamic networks POMC and NPY (neuropeptide Y), result-
ing in increased satiety and hypophagia [13].

FDA approval was based on three clinical trials, 
BLOSSOM, BLOOM, and BLOOM-DM, which showed 
that 47.2% of patients taking lorcaserin 10 mg twice daily 
had a loss of at least 5% of body weight compared with 2.5% 
of placebo. The mean loss achieved with the medication after 
1 year was 5.9% compared with 2.8% of placebo [22, 23].

The most common adverse reactions with this drug are 
headache, dry mouth, constipation, nausea, fatigue, and diz-
ziness. Hypoglycemia may occur in patients with diabetes. 
Individuals on medication should be monitored for depres-
sion and suicidal thoughts. Potentially fatal serotonin syn-
drome or neuroleptic malignant syndrome may occur when 
associated with serotonin-selective receptor inhibitors, nor-
epinephrine receptor inhibitors, triptan, and bupropion 
MAOIs. Therefore, these medications should be used with 
extreme caution in combination with lorcaserin. If signs of 
valvular disease occur, the medication should be discontin-
ued. It is contraindicated in pregnancy and lactation [21].

 Orlistat

Orlistat is an antiobesity drug that inhibits pancreatic lipase, 
reducing digestion and fat absorption by approximately 
30%. Clinical trials (e.g., XENDOS) with this medication 
showed significant weight loss compared with placebo 
(5.8 kg vs 3 kg) using 120 mg three times daily. In addition, 
the use of orlistat for 4 years was associated with a reduction 
in the risk of T2DM of 37.3% [24, 25].

This drug interacts with several medications that may 
interfere with its absorption, bioavailability, and efficacy, 
especially cyclosporin, amiodarone, levothyroxine, warfarin, 
and antiepileptics. Because orlistat can interfere with the 
absorption of fat-soluble vitamins, the replacement of multi-
vitamins containing vitamins K, A, D, and E and beta- 
carotene is necessary [21].

Table 41.5 Antiobesity medications for prolonged use adopted by the FDA

Drug (generic) Dosage Action mechanism
FDA 
approval Common side effects Contraindications

Orlistat 120 mg3 times 
daily (orally)

Inhibitor of pancreatic and 
gastric lipase

1999 Decreased absorption of 
fat-soluble vitamins, 
steatorrhea, flatulence, 
fecal urgency

Use of cyclosporine (take 2 h before 
or after), chronic malabsorption 
syndrome, pregnancy and 
breastfeeding, cholestasis

Lorcaserin 10 mg2 times 
daily (orally)

5HT2c receptor agonist 2012 Headache, nausea, dry 
mouth, dizziness, 
fatigue, constipation

Pregnancy and lactation use with 
caution associated with: IRSS, 
SNRIs/MAOIs, St John’s wort, 
triptans, bupropion

Phentermine/ 
topiramate

46 + 7.5 mg 
daily (orally)

Modulation of the GABA (T) 
receptor plus norepinephrine- 
releasing agent

2012 Insomnia, dry mouth, 
constipation, paresthesia, 
dizziness, dysgeusia

Pregnancy and lactation, 
hyperthyroidism, glaucoma, use of 
MAOIs or sympathomimetic amines

Naltrexone/ 
bupropion

90 + 8 mg 
twice daily 
(orally)

Inhibitor of dopamine and 
norepinephrine reuptake 
inhibitors (bupropion) and 
opioid antagonists (naltrexone)

2014 Nausea, constipation, 
headache, vomiting, 
dizziness

Uncontrolled SAH, convulsive 
disorders, anorexia nervosa or 
bulimia, drug or alcohol withdrawal, 
use of MAOIs

Liraglutide 3 mg daily (sc) GLP-1 agonist 2014 Nausea, vomiting, 
elevation of pancreatic 
enzymes

Family or personal history of 
medullary thyroid carcinoma or 
MEN

SC subcutaneous, SSRIs selective serotonin reuptake inhibitors, SNIRs selective norepinephrine reuptake inhibitors, MAOIs monoamine oxidase 
inhibitors, SAH systemic arterial hypertension, MEN multiple endocrine neoplasia
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Gastrointestinal side effects, such as abdominal pain and 
discomfort, oily or liquid stools, and fecal urgency, are very 
common, making its long-term use problematic. Patients 
with renal impairment should have renal function monitored 
during the use of the medication. Orlistat is contraindicated 
for patients with chronic malabsorption syndrome or cho-
lestasis. It is in the X category for pregnant women and is not 
recommended for pregnant or breastfeeding women [12].

 Liraglutide

Liraglutide is a glucagon-like peptide-1 analogue with long- 
acting biological activity (half-life of 10–14  h) compared 
with endogenous GLP-1. It was approved for treatment of 
T2DM at a dose of 1.8 mg and recently obtained FDA (2014) 
and EMA (2015) approval for treatment of obesity at 3 mg 
daily dose subcutaneously [18].

Administered liraglutide acts in the gastrointestinal tract 
promoting an increase in gastric emptying time and acts 
directly on the POMC neurons in the arched nucleus of the 
hypothalamus, leading to reduced appetite. In addition, 
GLP-1 receptors are also present in the mesolimbic reward 
system, and this drug may have an effect on reward-induced 
eating [18].

Data on the efficacy of liraglutide in relation to weight 
loss come from the SCALE study, which showed a 6.2% 
weight loss over 56 weeks on the medication versus 0.2% on 
placebo. More participants taking the drug (81.4%) main-
tained a weight loss greater than or equal to 5% compared 
with those who took placebo (48.9%). There was also a 
reduction of biomarkers of cardiovascular disease, C-reactive 
protein, adiponectin, fibrinogen, glycemic indexes, and fast-
ing plasma insulin [26].

The recommended initial dose is 0.6 mg per day, increas-
ing 0.6 mg weekly until the 3-mg dose is reached [26].

Adverse effects related to liraglutide 3-mg include nau-
sea, vomiting, abdominal pain, dizziness, fatigue, headache, 
and hypoglycemia. Elevation of pancreatic enzymes may 
occur. The medication should be discontinued in cases of 
suspected pancreatitis and should not be restarted if con-
firmed. There are reports of renal failure. It is contraindi-
cated in patients with a personal or family history of 
medullary thyroid carcinoma or multiple endocrine neopla-
sia (MEN) and in pregnant women [21].

There was a decrease in mortality because of cardiovascu-
lar disease, nonfatal cerebrovascular accident, and nonfatal 
acute myocardial infarction in patients with diabetes (T2DM) 
using 1.8-mg liraglutide, which is believed to be by modifi-
cation of the progression of the atherosclerosis process [21].

 Future Perspectives

 Cetilistat

It acts similarly to orlistat, inhibiting pancreatic lipase. 
Reduction of fat absorption induces modest weight loss asso-
ciated with improved glycemic and lipid profile. In a 12-week 
study, weight loss was shown to be 3.3–4.1 kg, with more 
common side effects reported related to the gastrointestinal 
tract but with a better tolerability profile than orlistat. As a 
result of phase III data, cetilistat has been approved in Japan 
since 2013 but is still awaiting approval in the United States 
and Europe [12].

 Bupropion/Zonisamide

Zonisamide is an inhibitor of mitochondrial carbonic anhy-
drase, a drug with antiepileptic action that acts by increasing 
the levels of serotonin and dopamine in the brain, acting as 
an appetite suppressant. Its combination with bupropion 
(Empatic) is currently in phase II. Preliminary results from 
18 patients showed a 7.2-kg loss in 12 weeks with this com-
bination (360-mg bupropion  +  360-mg zonisamide) com-
pared with 2.9 kg in zonisamide alone. The most commonly 
reported adverse events were headache, nausea, and insom-
nia [12].

 Beloranib

It acts by inhibiting methionine aminopeptidase-2. 
Specifically, this drug reduces fat biosynthesis and increases 
lipid oxidation and lipolysis. In a 12-week, phase II study, 
participants receiving this medication at a dose of 0.6 mg, 
1.2 mg, or 2.4 mg subcutaneously lost 5.5 kg, 6.9 kg, and 
10.9  kg compared with 0.4  kg of the placebo group with 
good tolerability, although gastrointestinal effects and 
insomnia have been reported [12]. In another short-term 
(4 weeks) viability study with 31 obese women, intravenous 
beloranib at a dose of 0.1–0.9  mg twice weekly achieved 
hunger reduction, weight loss of 0.8–3.5% (versus 0.6% pla-
cebo), and improved cardiovascular risk markers, such as 
triglycerides, LDL, and C-reactive protein [27].

This class of medication is the only one that produces the 
double effect of increasing the metabolism of fats in addition 
to reducing appetite. However, its long-term safety and effi-
cacy is still under study so far. The reported side effects were 
headache, skin lesions around the infusion site, nausea, and 
diarrhea [27].
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 Tesofensine

It is a new triple monoamine reuptake inhibitor, which 
induces a potent inhibition of the reabsorption process in the 
synaptic cleft of dopamine, norepinephrine, and serotonin 
neurotransmitters [28]. It has a triple-action mechanism, 
leading to inhibition of appetite, increased satiety, and ther-
mogenesis. In recent preclinical and clinical evaluations, it 
has shown a robust effect against obesity, but the specific 
mechanism of action still needs to be better elucidated [29]. 
Common side effects include insomnia, mood changes, 
 dizziness, palpitation, nausea, and mild elevation of blood 
pressure [29].

 Obesity and T2DM

The five approved medications for obesity treatment by the 
FDA lead, in addition to a weight loss of 5–15% of baseline 
weight, to a reduction of glycated hemoglobin of 0.5–1.6% in 
patients who completed at least 1 year of drug treatment [30].

When considering pharmacological treatment for diabe-
tes, whenever possible, opt for drugs that reduce weight or 
have a neutral effect. The agents associated with weight loss 
are metformin, GLP-1 analogues, SGLT2 inhibitors, alpha- 
glucose inhibitors, and amylin mimetics. Dipeptidyl pepti-
dase- 4 inhibitors appear to have a neutral effect on weight. 
Unlike these agents, insulin secretagogues, thiazolidinedio-
nes, and insulins are associated with weight gain [11].

 Additional Pharmacotherapy for Obesity 
in DM2 (Not Approved by the FDA)

These medications listed below may be considered for 
weight loss in patients with diabetes but have not yet been 
approved by the FDA.

 Metformin

It has a long history of use in patients with diabetes and pre-
diabetic patients, being first-line medication in the treatment 
of T2DM.  It is believed that several mechanisms may be 
related to metformin weight loss, including stimulation of 
hypothalamic pro-opiomelanocortin neurons, increased 
leptin levels, improved insulin sensitivity, and modulation of 
intestinal flora [30].

Numerous studies have shown that this drug leads to a 
decrease in food intake of 250–300  kcal per day approxi-
mately, with a moderate weight loss of 2–4 kg [30].

 Pramlintide

Amylin is a hormone produced by beta-pancreatic cells co- 
secreted with insulin in response to a meal. It acts by slowing 
gastric emptying and reducing the release of glucagon, 
increasing satiety, and decreasing food consumption. In 
addition, it prevents the compensatory reduction of energy 
expenditure in patients who are losing weight [30].

Pramlintide is an analogue of human amylin approved for 
the treatment of type 1 diabetes mellitus (T1DM) and T2DM 
in patients who did not obtain adequate glycemic control 
with optimized therapy. In a 16-week study in nondiabetic 
obese patients, this medication was shown to improve appe-
tite and weight, with a 3.7% reduction in weight over pla-
cebo compared with baseline [30].

Like all medications that delay gastric emptying, pram-
lintide can lead to nausea and vomiting as a side effect. A 
slower titration after initiation of treatment may ameliorate 
symptoms and improve tolerability [30].

 Semaglutide

This drug corresponds to an analogue of human GLP-1, with 
a structure similar to liraglutide. In a 12-week study of obese 
patients taking semaglutide 1 mg weekly, there was a 5-kg 
decrease in baseline weight, hunger reduction, calorie intake, 
and satiety. Among patients with diabetes randomized to 
semaglutide or insulin, there was a decrease of 5.2 kg with 
the first and weight gain with the second. Glycated hemoglo-
bin fell 1.6% with the GLP-1 analogue, which was twice the 
glycated drop in patients taking insulin. In addition, patients 
with diabetes with high cardiovascular risk on semaglutide 
had significantly lower rates of death from cardiovascular 
disease, nonfatal acute myocardial infarction, and stroke 
[30].

 Phentermine and SGLT2 Inhibitor Association

Phentermine has been studied for long decades for short- 
term treatment of obesity but has not been explicitly evalu-
ated in the diabetic population. Sodium-glucose type 2 
cotransporter inhibitors are a class of oral antidiabetic drugs 
that act by blocking glucose reabsorption in the proximal 
contorted tubule, leading to glycosuria and weight loss, in 
view of a daily elimination of 90 g of glucose or 360 calories 
per day [30].

It has been hypothesized that iSGLT2 causes a compensa-
tory increase in appetite and food intake. A randomized, 
26-week trial in nondiabetic obese patients showed that 
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treatment with canagliflozin associated with phentermine led 
to an increase in weight loss of 6.9% in relation to placebo. 
This combination is under evaluation for future options in 
the treatment of obesity [30].
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Abbreviations

AAR AST-ALT ratio
AASLD  American Association for the Study of Liver 

Diseases
ALT Alanine aminotransferase
APRI AST-to-platelet ratio index
ARFI Acoustic radiation force impulse
ASL Aspartate aminotransferase
CK-18 Cytokeratin 18
CT Computed tomography
CVD Cardiovascular disease
EASL European Association for the Study of the Liver
FDA Food and Drug Administration
FFA Free fatty acid
FIB-4 Fibrosis -4
GLP-1 Glucagon-like peptide-1
HCC Hepatocellular carcinoma
IL-6 Interleukin-6
IR Insulin resistance
MetS Metabolic syndrome
MR Magnetic resonance
MRE Magnetic resonance elastography
NAFLD Nonalcoholic fatty liver disease
NASH Nonalcoholic steatohepatitis
NFS NAFLD fibrosis score
PDFF Proton density fatty fraction
PPAR Peroxisome proliferator-activated receptor
RCT Randomized clinical trial

SAH Systemic arterial hypertension
SMR Sprectroscopic MR
T2D Type 2 diabetes mellitus
TG Triglycerides
USG Ultrasonography
VCTE Vibration-controlled transient elastography
γ-GT γ-glutamyl-trans-peptidase

 Introduction

In the United States alone, there is an estimated 33 million 
people with nonalcoholic fatty liver disease (NAFLD), 1/3 of 
whom have nonalcoholic steatohepatitis (NASH). The 
majority of these patients were diagnosed between the fourth 
and fifth decades of life [1].

NAFLD is characterized by fat accumulation in over 5% 
of hepatocytes, excluding causes related to significant alco-
hol intake or other known etiologies of hepatic steatosis. The 
disease is generally associated with insulin resistance (IR) 
and metabolic syndrome (MetS). However, it can present in 
1  in every 15 individuals of normal weight [2]. NASH 
encompasses inflammatory abnormalities and hepatic fibro-
sis and may progress to cirrhosis and hepatocellular carci-
noma (HCC) [3].

Epidemiologically, NAFLD is more common in men and 
Hispanics. Independently of the presence of obesity or MetS, 
it can also be associated with other clinical conditions, such 
as cardiovascular disease (CVD) alone, hypopituitarism, 
hypogonadism, hypothyroidism, polycystic ovarian syn-
drome, or obstructive sleep apnea, and with patients submit-
ted to cholecystectomy [2].

 Pathogenesis

Although not fully elucidated, IR is known to play a role as 
the main event for the genesis of hepatic steatosis [4]. IR 
promotes lipolysis of triglycerides (TG) and increases free 
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fatty acid (FFA) levels by inhibiting their esterification in 
adipose tissue. Elevated glycemia and FFA levels result in 
greater uptake of lipids by hepatocytes, leading to the devel-
opment of hepatic steatosis [5].

Polymorphisms in the genes encoding apolipoprotein C3 
[6], adiponutrin [7] (involved in metabolism of TGs), and 
inflammatory markers such as interleukin-6 (IL-6) constitute 
the genetic basis for the association between IR and NASH 
[8], even in non-obese patients [9]. Despite this, not all 
NASH patients have IR, indicating that NASH is a multifac-
torial condition [9].

Another important mechanism in the pathogenesis of 
NASH is oxidative stress. Oxidative damage in the liver 
results from the exhaustion of antioxidant enzymes (glutathi-
one, β-carotene, and vitamins C and E) [10]. Potential 
 inducers of IR and oxidative stressors include leptin, intesti-
nal bacteria, antioxidant deficiency, and hepatic iron.

Leptin and resistin can contribute to the development of 
fibrosis in NASH. These hormones induce insulin resistance 
in hepatocytes by altering their receptors [11, 12]. 
Adiponectin, when at low levels, correlates with the presence 
of NAFLD, hepatic fibrosis, and MetS severity [13].

Modifiable environmental factors such as shift work and 
gut microbiota can influence the physiopathogeny of 
NAFLD. Changes in gut microbiota potentially expose hepa-
tocytes to bacterial degradation products such as lipopoly-
saccharides, endogenous ethanol, and acetaldehyde. This 
results in insulin resistance, steatosis, necroinflammation, 
and fibrosis [14, 15]. Shift work has been associated with 
obesity, metabolic syndrome [16], and NASH [17].

In addition, IR is associated with high levels of hepatic 
iron [18], and the increase in iron concentration in the hepatic 
parenchyma in NASH appears to correlate with the severity 
of liver fibrosis [19].

 Screening

NAFLD is highly prevalent in some high-risk groups, such 
as morbidly obese indicated for bariatric surgery (95%), type 
2 diabetes mellitus (T2DM) (1/3–2/3 of patients), and dys-
lipidemia (50%); however, despite these prevalence rates, no 
consensus exists on screening for NAFLD.  This is due to 
uncertainties over the optimal diagnostic test, cost- 
effectiveness of screening, and therapeutic limitation [20].

The recently published Practice Guidance from the 
American Association for the Study of Liver Diseases 
(AASLD) does not recommend screening. However, in 
T2DM patients, physicians should be alert to not only the 
presence of NAFLD but also NASH [20].

By contrast, the guidelines of the European Association 
for the Study of the Liver (EASL) recommend screening in 

all individuals with persistently abnormal hepatic enzymes 
and also in individuals with MetS or obesity, where routine 
screening should be carried out using hepatic enzyme studies 
and/or abdominal ultrasonography (USG). This same guide-
line advises that high-risk individuals (age >50 years, T2DM, 
MetS) should be screened for cases of advanced disease 
(NASH with fibrosis) and that screening of MetS be per-
formed in individuals with NAFLD [2].

 Diagnosis

The diagnosis of NAFLD requires the presence of hepatic 
steatosis, diagnosed by imaging exams or histology, and the 
exclusion of significant alcohol intake (>20 g/day for women 
and 30  g/day for men for over 2  years prior to the basal 
hepatic histology [21]), besides ruling out of secondary 
causes for hepatic steatosis and concomitant causes of 
chronic hepatic disease [2, 20]. Causes of secondary hepatic 
steatosis and chronic hepatic diseases can include drug use, 
viral hepatitis (particularly the hepatitis C virus genotype 3), 
hemochromatosis, Wilson’s disease, cirrhosis and autoim-
mune hepatitis, abetalipoproteinemia, lipodystrophy, paren-
teral nutrition, and malnutrition [22].

 Clinical Assessment

The clinical spectrum of NAFLD ranges from asymptomatic 
patients, accounting for most cases, to findings of more 
advanced hepatic diseases. Other nonspecific symptoms 
such as fatigue, malaise, and upper abdominal discomfort 
may be reported. Hepatomegaly can be seen in patients with 
NAFLD due to fatty infiltration, although this finding is vari-
able. In addition, increased waist circumference, overweight, 
and acanthosis nigricans are indirect clinical signs associated 
with MetS [23].

 Laboratory Assessment

Laboratory tests are needed to assess other conditions in the 
differential diagnosis of hepatic steatosis, but the clinical 
context should always be taken into account because abnor-
malities on some of these exams can be seen in patients with 
NAFLD in the absence of other associated hepatic diseases 
[20]. This statement can be justified by exemplifying changes 
in ferritin that may also be high in patients with NAFLD, 
without the presence of hepatic iron overload. It is important 
to emphasize that values over 1.5 of the upper limit of nor-
mal were associated with advanced fibrosis [24]. In this case, 
a genetic investigation for hemochromatosis is necessary, 
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according to the practice guideline of the AASLD [20]. 
However, the presence of mutations in the HFE gene can be 
seen in patients with NAFLD [25], and therefore ordering a 
hepatic biopsy is prudent in this scenario, both for diagnos-
ing hepatic iron accumulation and for assessing the severity 
of hepatic injury in individuals with suspected NAFLD [20].

Mild to moderate elevations (two to five times the upper 
limit of normal) of aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) may be present in patients 
with NAFLD [25]. In this disease, the AST-ALT ratio is <1, 
unlike in alcoholic fatty liver disease in which this ratio is >1 
[26]. Normal AST and ALT values do not exclude major 
hepatic damage.

We suggest a protocol for a broad assessment of patients 
suspected of having NAFLD, based on history of alcohol 
use, personal and family history of T2DM, systemic arterial 
hypertension (SAH), and CVD, besides a physical exam 
and laboratory tests, which includes a diagnostic flow dia-
gram for assessing and monitoring disease severity in the 
presence of suspected NAFLD and metabolic risk factors 
(Fig. 42.1).

 Imaging Exams

There are currently various radiological methods available 
for detection of hepatic steatosis, although none of these are 
able to differentiate histological subtypes of NAFLD [2, 20].

Ultrasonography is the most used method for qualitative 
assessment of hepatic steatosis, given its availability and 
lower cost compared with magnetic resonance (MR) [27]. 
The findings of hepatic steatosis on USG are characterized 
by a hyperechoic texture or bright liver due to diffuse fat 
infiltration. The sensitivity and specificity of this method are 
85% and 94%, respectively, using liver biopsy as the gold 
standard [28]. However, its sensitivity is reduced in morbidly 
obese patients and when there is less than 20% hepatic ste-
atosis [27, 28].

Computed tomography (CT) is another method of radio-
logic assessment of hepatic steatosis that provides greater 
accuracy for detecting moderate to severe steatosis but has 
several limitations: more costly than USG, the use of ioniz-
ing radiation, attenuation values can be influenced by hepatic 
iron overload and amiodarone use [29].

Personal and familiar history of T2DM,
hypertension and CVD

Evaluation of MS Markers:

• Increased waist circumference&;

• Artetial pressure 130/85 mmHg or
 treated for hypertension:
• Fasting glucose 100 mg/dl or
 treated for T2Dm;
• Serum triacylglycerols >150 mg/dl;
• HDL cholesterol <40/50 mg/dl for
 men/women.

NAFLD Fibrosis Score

Ultrasonography
(if suspected for raised liver

enzymes or presence of
Obesity / T2DM / MS)

Exclusion of significant alcohol
intake** and use of drugs

Laboratory Evaluation:

• HBSAg, ANTI-HBS, ANTI-HCV
• Liver enzymes (Aspartate and
 alanine transaminases), γ-
 glutamyl-trans-peptidase
• TSH, freeT4, evaluation for
 polycystic ovary syndrome
• Ferritin and transferrin
 saturation
• Other*

Fibrosis
confirmed

1.455

Discarded
advanced

fibrosis

≥ 7.0 KPa
<15 Kpa ≥ 15 KPa

> 0.676

Advanced
fibrosis

–1.455
to 0.676

Undetermined

Repeat after
3 years

Repeat after
3 years

VCTE or
FibroScan®

Monitoring and
treatment

Discarded
advanced
fibrosis

Liver biopsy for
definite

diagnosis

Advanced
fibrosis

< 7.0 KPa

Fig. 42.1 Clinical, laboratory, and radiological evaluation in patients 
with suspected of nonalcoholic fatty liver disease and nonalcoholic 
steatohepatitis
&In the United States, the ATP III values are 102 cm male and 88 cm 
female
*Exclude other secondary causes of liver disease; and if necessary, tests 
for rare liver diseases (Wilson, autoimmune disease, α1-antitrypsin 
deficiency)

**<20 g/day/women, <30 g/day/men
T2DM type 2 diabetes mellitus, CVD cardiovascular disease, MS meta-
bolic syndrome, HDL high-density lipoprotein, NAFLD nonalcoholic 
fatty liver disease, VCTE vibration-controlled transient elastography
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MR is the most accurate exam for detection of mild ste-
atosis, using the traditional method or spectroscopic MR 
(SMR). The sensitivities and specificities of MR for detect-
ing histological steatosis ≥5% were 77–90% and 87–91%, 
respectively and for SMR were 80–91% and 80–87%, 
respectively. Another method, also observed by MR (PDFF, 
proton density fat fraction), can be a reference standard that 
is superior to histological grading in the measurement of 
hepatic fat [29].

 Invasive and Noninvasive Methods 
for Assessment of Inflammation and Fibrosis

Liver biopsy is currently the most reliable approach for iden-
tifying the presence of steatohepatitis and fibrosis in NAFLD 
patients. However, the impracticality of performing liver 
biopsy in all patients with NAFLD, coupled with the 
 limitations related to the diversity of histological interpreta-
tions, sampling error, and morbidity of the invasive method, 
has prompted the development of alternative clinical, bio-
logical, or imaging methods that help select patients that are 
high risk for NASH and fibrosis [1].

 Noninvasive Markers of NASH
Different studies have assessed the diagnostic ability of sero-
logic markers for differentiating steatosis from steatohepati-
tis. The most valid of these is cytokeratin-18 (CK-18), a 
hepatic intermediary filament protein produced by cellular 
death or hepatocyte apoptosis. This can be measured in 
serum, exhibiting significantly higher values in NASH 
patients with a sensitivity of 66% and specificity of 82% 
[20], although there is no specific cutoff owing to disparities 
in results found by different studies [30].

 Noninvasive Markers for Fibrosis
Data from the literature has shown the impact of fibrosis on 
overall mortality of NAFLD patients. NASH has different 
stages which range from the absence of fibrosis (stage F0), 
advanced fibrosis (stage F3), and cirrhosis (F4), besides 
intermediate stages (F1, F2) [20].

Simple markers are available for identifying fibrosis, such 
as AST-ALT ratio (AAR), considered a classic marker which 
increases with progression of hepatic fibrosis [31]. The AST- 
to- platelet ratio index (APRI) and the FIB-4 index (fibrosis-4 
calculator), which employs information such as age, AST, 
ALT and platelet count, are simple, easily applied formula 
with online calculators. FIB-4 in particular has shown prom-
ising results in NAFLD patients, with a negative predictive 
value of 95% for ruling out advancing fibrosis [32, 33]. The 
BARD index, determined by the sum of three items – (BMI) 
>28 kg/m2, AST-ALT ratio >0.8, and the presence of diabe-
tes  – has also showed good negative predictive value for 

excluding a significant degree of fibrosis [32].The NAFLD 
fibrosis score (NFS), determined by age, BMI, hyperglyce-
mia, AST-ALT ratio, platelet count, and albumin, was 
reported as a specific marker for NAFLD, proving highly 
accurate for the exclusion of advanced fibrosis/cirrhosis. It 
was also able to estimate the risk of cardiovascular and 
hepatic complications [5].

In practice, validated tests for predicting advanced 
NAFLD are recommended (NFS and FIB-4), providing bet-
ter results than other indexes (negative predictive value 
>90%). These tests should therefore be used as the first line 
in screening patients with low risk for advanced disease [34].

Physical markers have emerged to revolutionize the man-
agement of liver diseases by aiding noninvasive diagnosis of 
hepatic fibrosis. Elastography was the first imaging method 
developed for assessing liver stiffness, creating an elastic 
shear wave propagating through liver tissue, and then mea-
suring its speed, which is directly proportional to the stiff-
ness of the tissue. Vibration-controlled transient elastography 
(VCTE), FibroScan® (Echosens, Paris, France), is a straight-
forward rapid technique that assesses a representative vol-
ume of the liver that is 100 times greater than liver biopsy. A 
recent meta-analysis showed it to be an excellent technique 
for detecting advanced fibrosis, having sensitivity and speci-
ficity ≥82% [35].

Other modalities for assessing the degree of hepatic fibrosis 
include acoustic radiation force impulse (ARFI), elastography 
integrated into a conventional ultrasound wave, and magnetic 
resonance elastography (MRE). Studies comparing MRE and 
ARFI reveal the same capacity for detecting significant fibro-
sis and cirrhosis, although MRE proved superior for discrimi-
nating intermediate stages of fibrosis (F0–F2) [36].

Based on these data, some authors have recommended 
combining serological and radiological methods, particu-
larly NFS and VCTE, in a diagnostic algorithm for differen-
tiating patients with advanced disease from those with simple 
steatosis. Recently, Tapper et  al. demonstrated the cost- 
effectiveness of this approach relative to the current standard 
method of liver biopsy [37].

 Treatment

In view of the important association among NAFLD/NASH 
and hepatic fibrosis, metabolic disorders, and increased car-
diovascular risk [38], the medical community needs to adopt 
a more proactive approach in the search for this diagnosis 
and in decisions on its management and related risk factors. 
Thus, NASH treatment should involve, besides antifibrotic 
hepatic therapy, improvement of metabolic risk factors, such 
as insulin resistance and inflammation, through lifestyle 
changes, drug therapy for improving hepatic disease, and 
treatment of hyperglycemia and dyslipidemia.
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 Who Should Be Treated?

Diagnostic confirmation and staging of NASH are funda-
mental for defining best conduct for these patients. According 
to the EASL, drug-based treatment to improve hepatic dis-
ease should be introduced in the presence of moderate to 
severe fibrosis or cirrhosis [2]. Given the difficulty in attain-
ing complete resolution of NASH through lifestyle changes 
alone, some authors have suggested a more aggressive early 
approach based on a combination of lifestyle changes and 
pharmacologic therapy for liver protection and strict control 
of cardiometabolic risk factors (blood pressure, glycemia, 
and dyslipidemia), particularly in patients with pre-T2DM, 
T2DM, and/or high risk of disease progression. The follow-
ing factors should be considered high risk for NASH 
 progression: T2DM, MetS, age >50 years, elevated ALT, or 
active steatohepatitis with high necroinflammatory activity 
[2]. Cases of NASH without fibrosis (F0) or a mild degree of 
fibrosis (F1), without the cited risk factors, have good prog-
nosis and do not require specific hepatic treatment [2, 20]. 
However, lifestyle changes for 8–10% weight loss should be 
strongly recommended to prevent progression of the disease 
and worsening of cardiovascular risk.

 Nonpharmacological Treatment

A number of studies have shown that ≥7% weight loss in 
association with regular physical activity lead to a sustained 
improvement in hepatic enzyme levels and hepatic histology 
[39, 40]. Currently, the only measure recommended as stan-
dard treatment for NAFLD/NASH is weight loss. The non-
pharmacological measures for NAFLD/NASH are presented 
in Table 42.1.

 Pharmacological Treatment of Liver Disease

Unfortunately, despite the development of drugs that can 
potentially act on the target mechanisms of the disease, the 
outcomes of these therapies have been modest [41]. To date, 
no drug therapy has been approved by the FDA for treating 
these diseases, where its use must be considered off-label [2].

Drugs available for treating NASH include vitamin E and 
pioglitazone, a peroxisome proliferator-activated receptor 
(PPAR) gamma agonist with potent insulin sensitizing and 
anti-inflammatory activity. A meta-analysis of four random-
ized clinical trials (RCTs) assessing the histological effects 
of pioglitazone on NASH found the drug to be more effective 
than placebo for improving fibrosis (odds ratio 1.7) [42]. 
Therefore, although its use has been associated with adverse 
effects such as weight gain, bone mass loss, and exacerbation 
of existing cardiac insufficiency [43], pioglitazone may rep-
resent an option in the pharmacological treatment of biopsy- 
confirmed NASH.

Vitamin E is a fat-soluble compound that protects cells 
from oxidative stress induced by free radicals [44]. A RCT 
showed both pioglitazone and vitamin E to be better than 
placebo in the treatment of NASH among non-T2DM 
patients with mild liver damage [45]; however, the study was 
not designed to determine outcomes related to the progres-
sion of hepatic fibrosis. Notably, there is clinical evidence 
that chronic use of vitamin E can increase the risk of overall 
mortality [46], stroke [47], and prostate cancer [48]. Thus, in 
addition to the unclear efficacy of both agents for preventing 
or reversing the degree of fibrosis, vitamin E should be used 
with caution and its possible collateral effect monitored.

A small 48-week RCT involving the liraglutide (1.8 mg/
day), a glucagon-like peptide-1 analogue, found that the drug 
was safe and well-tolerated, led to the resolution of NASH, 
and promoted reduction in fibrosis progression compared to 
placebo (relative risk 4.3; 95% CI: 1.0–17) [49]. This drug 
may be an option in overweight or T2DM patients, but con-
sidering it an option for the treatment of NAFLD/NASH to 
improve liver disease is somewhat premature.

Other insulin sensitizers such as metformin and obeticho-
lic acid (farnesoid X nuclear receptor activator) should not 
be recommended for NASH treatment [20]. The former 
failed to show hepatic histological improvement beyond that 
achieved by weight loss alone [2], while the latter, although 
showing histological improvement in an uncontrolled study, 
was associated with significant increase in cholesterol levels 
in the intervention group [50].

Pentoxifylline may contribute toward reducing NASH 
progression [51], but more robust scientific evidence sup-
porting improvement in steatohepatitis and hepatic fibrosis is 
lacking [52].

Table 42.1 Recommendations of a comprehensive lifestyle approach 
to NAFLD treatment

Intervention Recommendation
Energy restriction 7–10% total weight loss target
Physical activity 150 min/week of moderate intensity aerobic 

physical activities
Resistance training

Nutritional 
composition

Avoid excessive consumption of fructose
Low-carbohydrate ketogenic diets or high 
protein
Low-to-moderate fat and moderate-to-high 
carbohydrate intake

Coffee intake No liver-related limitations
Alcohol intake Drink alcohol until the risk threshold (30 g, 

men; 20 g, women)
Others Stop smoking

Vaccinate (A and B hepatitis)

NAFLD nonalcoholic fatty liver disease
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Some RCTs assessing ursodeoxycholic acid have failed 
to prove its benefit in NASH [53, 54], and therefore, this 
drug should not be recommended for treatment of NAFLD/
NASH [20].

The benefit of omega-3 fatty acid in NASH was assessed 
in a meta-analysis, showing improvement in hepatic steatosis 
and in AST levels. However, when the analysis was restricted 
to data from randomized studies, only improvement in 
hepatic steatosis was observed [55].

Novel therapies have been proposed for the treatment of 
NAFLD/NASH. Emricasan showed benefit in enzyme reduc-
tion and markers of hepatic apoptosis in NAFLD patients 
without cirrhosis [56]. However, whether this improvement 
is associated with histological improvements remains 
unclear. RCTs assessing the efficacy and safety of cenicrivi-
roc (CCR2/CCR5 antagonist) and the double agonists of 
PPARα/δ (elafibranor and GFT505) are currently underway. 
Other drugs being studied for the treatment of NAFLD/
NASH are presented in Table 42.2.

Finally, modulation of gut microbiota by the administra-
tion of probiotics may yield benefits in controlling sensitivity 
to insulin, necroinflammation, and even histological 
improvement [57]. Despite these results, insufficient scien-
tific data are available in the literature to recommend the use 
of probiotics, prebiotics, and antibiotics in the treatment of 
NASH.

 Treatment of Dyslipidemia and Cardiovascular 
Risk Factors

NAFLD can be considered a risk marker for CVD and car-
diovascular mortality, where aggressive control of its risk 

factors is an important element in the management of these 
patients.

Studies have revealed that subjects with dyslipidemia and 
NASH can benefit from the use of statins through the lower-
ing of transaminase levels [58, 59]. Nevertheless, some 
RCTs assessing the benefit of statins as a treatment option 
for NASH have produced mixed results, with absence of 
response or only modest improvement in liver enzyme levels 
[60]. Given the low risk of hepatotoxicity induced by these 
drugs in the population, statins can be used in NASH patients 
but should be avoided in cases of NASH with decompen-
sated cirrhosis [20, 39].

The benefits of ezetimibe in treatment for NASH require 
further confirmation. While a recent ezetimibe RCT (10 mg/
day for 6 months) promoted a reduction in hepatic fibrosis 
[61], another trial showed no effects on fat content, histol-
ogy, or liver enzyme levels [62].

Therefore, lipid-lowering drugs cannot be recommended 
as a specific treatment for NASH but should be strongly con-
sidered as an option for the treatment of dyslipidemia in 
NASH patients.

 Surgical Treatment

In the event of difficulty achieving significant weight loss 
long term with clinical treatment for obesity, there has been 
growing interest in bariatric surgery as a treatment option for 
NAFLD/NASH.

Observational studies show that bariatric surgery (gastric/
bilio-intestinal bypass or gastric banding) can improve 
NASH-induced liver damage, whether by reducing transami-
nases, necroinflammation, and/or fibrosis [63, 64]. However, 
although recent meta-analyses report positive outcomes for 
bariatric surgery in steatohepatitis and fibrosis [65], no solid 
data from RCTs comparing clinical treatment versus bariat-
ric surgery in terms of improvements in hepatic histology are 
available. Larger studies are needed to establish the true indi-
cation of this intervention in the specific treatment of 
NASH.  Nevertheless, surgical treatment can represent an 
option in NASH cases for obese individuals with poor 
response to clinical treatment [20]. Thus far, insufficient data 
exists to define the best surgery type (gastric/bilio-intestinal 
bypass or gastric banding) for treating these patients.
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Treatment of Obesity in the Patient 
with Type 2 Diabetes

Manpreet S. Mundi and Maria L. Collazo-Clavell

 Introduction: Rising Prevalence of Obesity 
and Type 2 Diabetes Mellitus

The prevalence of obesity continues to rise in the United 
States and around the world, closely matched by the rising 
prevalence of type 2 diabetes mellitus [1, 2]. Recent publica-
tions report greater than two-thirds of Americans are consid-
ered overweight (BMI ≥ 25 kg/m2) and over one-third are 
obese (BMI ≥ 30 kg/m2) [1]. If current trends hold, the num-
ber of obese Americans is expected to increase to greater 
than 50% by 2030 [1]. The devastating impact of obesity’s 
rising prevalence is imminent, both in terms of our citizen-
ry’s health and in the financial well-being of our healthcare 
industry as a whole.

 Key Points to Be Discussed

• Health risks of obesity.
• Outcomes of medical nutrition therapy in patients with 

type 2 DM.
• Role of medications in the treatment of obesity.
• Impact of bariatric surgery on type 2 diabetes mellitus.

 Health Risks of Obesity

Major studies have clearly correlated obesity with the devel-
opment of chronic metabolic conditions, such as type 2 dia-
betes, hypertension, and hyperlipidemia [3, 4]. One of these 
landmark trials was the Nurses’ Health Study, which began 
in 1976 when 121,700 female nurses 30–55  years of age 
began receiving and responding to questionnaires regarding 

medical, lifestyle, and other health-related information [3]. 
These women were then followed until 1996 with biannual 
questionnaires requesting updated information and identifi-
cation of newly diagnosed diseases. Of the initial cohort, 
84,941 female nurses were free of diagnosed cardiovascular 
disease, diabetes, and cancer at baseline. This cohort was 
further analyzed for risk factors pertaining to the develop-
ment of diabetes. During the follow-up period, 3300 new 
cases of type 2 diabetes were documented with the most 
important risk factor being body mass index (BMI). The 
relative risk of diabetes was 38.8  in women with BMI of 
35.0 kg/m2 or higher and 20.1 for women with BMI between 
30.0 and 34.9 kg/m2 when compared to women with BMI of 
less than 23.0 kg/m2. In fact, the relative risk was not only 
increased in the obese women but in the overweight groups 
as well. Women with a BMI between 25.0 and 29.9 kg/m2 
had a relative risk of 7.59, and 61% of the cases of diabetes 
could be attributed to this overweight category.

Similar results were found in the third National Health 
and Nutrition Examination Survey [4] (NHANES). NHANES 
included a home interview and a standardized physical exam 
to gather body weight and height. The results, however, were 
similar in that the prevalence of type 2 diabetes increased 
dramatically with an increase in BMI. The prevalence of dia-
betes was 2.5 times higher in overweight men (BMI 
25–29.9  kg/m2) and 3 times higher in overweight women 
when compared to normal weight group. This prevalence 
continued to increase and was 6 times higher in men and 5.5 
times higher in women with BMI between 35 and 39.9 kg/m2 
when compared to normal weight group.

Of particular concern is that individuals with BMI ≥ 40 kg/
m2 (class III obesity) are the most rapidly growing subset 
within the obese population. In fact, we have recently seen a 
50% increase in individuals with BMI > 40 kg/m2 and a 75% 
increase in the prevalence of individuals with a BMI > 50 kg/
m2 [5]. Unfortunately not only does obesity increase the 
prevalence of diabetes, it also makes it more difficult to treat 
by further increasing insulin resistance and glucose intoler-
ance as well as exacerbating other metabolic complications, 
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such as hypertension and dyslipidemia [3, 4, 6–8]. Campbell 
et  al. investigated the relationship of insulin sensitivity to 
body mass index (BMI) in 49 healthy volunteers who ranged 
between 80% and 240% of ideal body weight [9]. By per-
forming glucose clamp studies using various insulin concen-
trations, they found that insulin sensitivity for glucose 
disposal was impaired in individuals who were at least 20% 
above ideal body weight for their height (BMI > 26 kg/m2). 
Beyond this threshold, insulin sensitivity and BMI were 
highly correlated (r-0.8 p < 0.001) in a linear fashion and 
accounted for 64% of the variability in insulin sensitivity.

The combination of obesity with diabetes also proves to 
be a much dire situation in terms of mortality. The presence 
of excess body fat, particularly abdominal fat, along with the 
presence of insulin resistance leads to a pro-atherogenic lipid 
profile with high triglyceride and apolipoprotein B concen-
trations, an increased proportion of small dense LDL parti-
cles, and a reduced concentration of HDL cholesterol. This 
along with a pro-thrombotic and a pro-inflammatory profile 
significantly worsens an individual’s risk of cardiovascular 
disease and overall mortality [10]. In fact, compared with 
normal weight individuals with diabetes, the mortality rate is 
2.5–3.3 times higher in diabetics with body weights that are 
20–30% above their ideal weight and 5.2–7.9 times higher in 
those with body weights 40% above ideal weight [11].

 Treating the Patient with Obesity and Type 2 
Diabetes

The exponential increase in the health risks of excess BMI 
and insulin resistance make weight loss the first target in a 
patient with type 2 diabetes. Calorie restriction and weight 
loss have a positive effect on almost every risk factor associ-
ated with diabetes and obesity. There is a significant decrease 
in fasting glucose levels as noted in the UKPDS cohort who 
experienced weight loss in the first 3  months (a decrease 
from 205.2  ±  59.4 to 145.8  ±  32.4  mg/dL) [12]. This is 
accompanied by a decrease in fasting insulin levels [13], 
increase in insulin sensitivity [14], and improvement in beta- 
cell function [14]. Similar improvements are also noted in 
co-existing conditions such as hypertension and dyslipid-
emia. In the first few days of caloric restriction, a reduction 
in VLDL and triglyceride concentrations as well as increase 
in LDL particle size can be found [15]. With longer duration 
of therapy, a decrease in LDL concentration and an increase 
in HDL particles occur.

 Lifestyle Modification

Despite the numerous benefits of weight loss in type 2 diabe-
tes, it is often difficult for individuals with obesity to initially 

lose the desired weight and then maintain the weight loss. 
The Diabetes Prevention Program was the first intensive life-
style intervention aimed at patients at risk for the develop-
ment of type 2 diabetes. This study included individuals with 
hyperglycemia and an average age of 51 years and an aver-
age BMI of 34 kg/m2. Study subjects were either randomized 
to standard care, metformin therapy (1500 mg daily), or life-
style intervention including achieving a weight loss of <7% 
and participating in 150 minutes of physical activity weekly. 
The intensive lifestyle intervention cohort experienced a 
58% decrease in the incidence of type 2 diabetes. This was 
greater than observed in the control and metformin cohorts 
[16]. Similarly, the Swedish Obese Subjects study also 
revealed that individuals placed on conventional diet and 
exercise had a 1.6% increase in weight after 10 years [17].

The Look AHEAD study looked at the impact of an 
intensive lifestyle intervention (ILI) compared to standard 
care (Diabetes Support and Education; DSE) in patients 
with type 2 diabetes on cardiovascular morbidity and mor-
tality. In this study, the intervention group used meal 
replacements as part of the dietary intervention and was rec-
ommended to participate in 200 minutes of physical activity 
per week. After 8 years, there was no significant difference 
on cardiovascular morbidity and mortality between the 
cohorts. However, both cohorts lost weight with reported 
average weight loss at the conclusion of the study of 4.7% 
+/− 0.2% for ILI and 2.1% +/− 0.2% for DSE. Weight loss 
>5% was reported in 50.3% of ILI cohort and 35.7% of DSE 
cohort. Weight loss of >10% was reported in 26.9 and 17.2% 
of the cohorts, respectively [18].

Even when weight loss is achieved through aggressive 
lifestyle modification, whether through medically supervised 
programs or commercial programs, weight regain commonly 
occurs once the intervention ends [19, 20].

 Outcomes of Medical Nutrition Therapy

There is often confusion regarding which dietary interven-
tion to advice patients with type 2 diabetes to help them man-
age their weight. The American Diabetes Association (ADA) 
recommends that all patients with diabetes meet with a reg-
istered dietitian to receive individualized medical nutrition 
therapy (MNT). In the absence of intensive insulin therapy, 
there is little evidence to support a specific macronutrient 
composition of carbohydrate, protein, and fat but mainly 
emphasize calorie restriction to achieve weight loss. Methods 
to achieve calorie restriction are varied, including portion 
control, healthy food choices, and meal replacements to 
name a few. Specific dietary interventions studied and shown 
to be beneficial in patients with type 2 diabetes include the 
Dietary Approaches to Stop Hypertension (DASH), 
Mediterranean diet, and plant-based diets. The Mediterranean 
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diet has been particularly shown to improve glucose metabo-
lism and lower the risk for cardiovascular events [21].

Very low-calorie diets (VLCDs) have been used to fill the 
gap between standard lifestyle modifications and bariatric 
surgery. The use of VLCDs grew rapidly in the 1970s with 
the introduction of the so-called liquid protein modified fast 
that provided 300–400 calories per day of liquid protein of 
low biological value obtained from collagen or gelatin 
hydrolysates. These diets tended to have inadequate 
 micronutrient supplementation and resulted in a number of 
deaths secondary to arrhythmias [13]. Since then the compo-
sition of VLCDs has been changed to include high-quality 
protein supplemented with vitamins, minerals, trace ele-
ments, and essential fatty acids with improved outcomes 
when used under direct medical supervision [22]. In fact, 
many studies have reported typical weight loss of ~1–3 kg/
week with higher results seen in the first 2 weeks due to fluid 
diuresis [22–24]. Weight loss with VLCDs is typically 
greater than with conventional diets and tends to occur more 
rapidly, producing faster and greater improvements in meta-
bolic comorbidities. Henry et al. revealed a near normalizing 
of plasma glucose within 10 days of being placed on a VLCD 
in NIDDM subjects [25]. Unfortunately, this effect can be 
transient, as fasting plasma glucose values tend to rise once 
patients are taken off of the VLCD and gain weight. 
Recidivism or weight regain is seen in virtually all patients 
once VLCD is stopped. Less weight loss is noted with subse-
quent VLCD trials due to changes in metabolic rate, making 
VLCDs an unlikely long-term solution.

 Role of Medications in the Treatment of Obesity

Pharmacological options to help patients with type 2 diabe-
tes manage their weight have increased recently. Novel 
agents have been approved for long-term weight manage-
ment. In addition, new glucose-lowering agents have favor-
able effects on weight expanding our armamentarium in 
helping patients with type 2 diabetes achieve the desired gly-
cemic control without the observed weight gain reported 
with older glucose-lowering agents [26].

 Orlistat
Orlistat, a lipase inhibitor, has been on the market for a num-
ber of years and has been shown to result in approximately 
5.4–10.6 kg weight loss at 1 year with 46–73% of patients 
achieving greater than 5% and 20–41% achieving greater 
than 10% weight loss [27, 28]. Modest improvements in 
HbA1c have also been reported with one randomized pla-
cebo control study revealing a decrease of −0.74% with 
Orlistat 120 mg tid versus −0.31% in the placebo group [27]. 
A modest reduction in HbA1c was observed in patients 
despite minimal weight loss with Orlistat versus placebo 

(−0.29% vs. +0.14%, respectively). Other studies have 
revealed an average HbA1c reduction of 0.28–1.1% [28]. 
Meta-analysis by Johansson et al. [29] revealed a statistically 
significant improvement in hypertension with a reduction of 
1.9 mmHg in systolic blood pressure and 1.5 mmHg for dia-
stolic blood pressure. Compared with patients without diabe-
tes, patients with diabetes experienced smaller and 
nonsignificant reductions of SBP and DBP.

 Phentermine/Topiramate
Combination of phentermine and topiramate has also been 
approved for long-term use for weight loss. It has been stud-
ied in a low-dose (PHEN/TPM CR 7.5 mg/46 mg) or high- 
dose formulation (PHEN/TPM CR 15 mg/92 mg) for up to 
2  years [30, 31]. At 108  weeks, the high-dose group lost 
10.5% of body weight, while the low-dose group lost 9.3%, 
and the placebo group gained 1.8% despite lifestyle inter-
ventions including behavioral therapy based on the LEARN 
manual. Both systolic and diastolic blood pressures were 
reduced by 3–5  mmHg from baseline. They also found a 
54% reduction in progression to type 2 diabetes in low-dose 
groups and a 76% reduction in high-dose groups. Although, 
less than 10% of subjects enrolled in the trial had type 2 dia-
betes, the average HbA1c reduction was 0.4% in the low 
dose and 0.2% in the high dose when compared to no change 
in the placebo group. These medications do show some 
promise for use in patients with type 2 diabetes, but long- 
term data is necessary. Patient attrition also continues to be 
an issue as greater than 50% of patients enrolled dropped out 
of the 2-year study of phentermine/topiramate.

 Bupropion/Naltrexone
Bupropion and naltrexone in combination are believed to 
decrease appetite and control eating behaviors through their 
effects on the mesolimbic dopaminergic reward system. In a 
randomized clinical trial, naltrexone sustained release (SR) 
(32 mg) and bupropion SR (360 mg) were compared to stan-
dardized lifestyle intervention in overweight/obese individuals 
with type 2 diabetes. Naltrexone/bupropion (NB) was associ-
ated with significantly greater weight loss (−5.0% versus 
−1.8%) and with a greater percentage of patients achieving a 
weight loss of >5% (44.5% vs. 18.9%). NB-treated subjects 
also experienced greater improvements in glycemic control 
with 44.1% of subjects achieving HgbA1c levels of <7% com-
pared to 26.3% with lifestyle intervention alone [32].

 Liraglutide/Semaglutide
Liraglutide and semaglutide are glucagon-like peptide-1 
analogues (GLP-1), that have been shown to be effective in 
the management of type 2 diabetes [33, 34]. Liraglutide and 
semaglutide also promote weight loss. A randomized trial of 
patients with type 2 diabetes, liraglutide once daily subcuta-
neous doses of 3.0 mg (LR 3.0), 1.8 mg (LR 1.8), and pla-
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cebo, in conjunction with a calorie-restricted diet (−500 kcal/
day) and regular physical activity (150 min/week) reported 
weight losses of 6.0%, 4.7%, and 2.0%, respectively (all 
p < 0.001). Weight loss of >5% was reported in 54.3% with 
LR 3.0, 40.4% with LR 1.8, and 21.4% with placebo. Weight 
loss of >10% was reported in 25.2% with LR 3.0, 15.9% 
with LR 1.8, and 6.7% with placebo [34]. Semaglutide at 
doses of 0.5 and 1.0 mg was associated with clinically mean-
ingful weight loss regardless of baseline BMI. Weight loss 
attributed to gastrointestinal symptoms was also minor. 
Meta-analysis suggests the weight loss benefit is a class 
effect of GLP-1 analogues, although limited head-to- head 
trials are available [35].

In the armamentarium of glucose-lowering therapy, 
dipeptidyl peptidase 4 (DPP4) inhibitors are deemed weight 
neutral. [36] Sodium glucose co-transport 2 (SGLT 2) inhibi-
tors may offer a weight loss benefit [37].

 Bariatric Surgery

Challenges with medical nutrition therapy and weight loss 
medications have made bariatric surgery a treatment alterna-
tive for long-term sustained weight loss. The popularity of 
bariatric surgery has grown since its inception in the 1950s 
[38]. Currently, the laparoscopic adjustable gastric banding 
(LAGB) and the gastric sleeve are the main restrictive proce-
dures being offered. The LABG is an implanted device that 
is placed around the proximal portion of the stomach and 
restricts flow of food (Fig.  43.1a). It does require routine 

adjustment after placement to ensure sufficient restriction 
while avoiding complete stenosis or laxity. The gastric sleeve 
is a restrictive procedure that until recently was being per-
formed as part of the biliopancreatic diversion duodenal 
switch (BPD-DS) in a staged procedure in the superobese 
(Fig. 43.1b) [39]. It involves resection of the majority of the 
stomach along the greater curvature, decreasing gastric vol-
ume by over 90%. The main mechanism of weight loss with 
these procedures is through a reduction in volume of food 
intake as well as early satiety. The LAGB is falling in popu-
larity as the gastric sleeve is gradually overcoming the Roux- 
en- Y gastric bypass as the most common bariatric operation 
performed [40].

Roux-En-Y gastric bypass (RYGB) has been the most 
common bariatric operation performed in the United States 
(Fig. 43.1c, d). In this procedure, the stomach is partitioned 
into a much larger distal portion and small (~15 ml) proximal 
portion, which receives food from the esophagus. The proxi-
mal portion is then joined with the jejunum restricting the 
volume of a typical meal dramatically. The distal portion of 
the stomach, duodenum, and early jejunum is then connected 
downstream of the gastrojejunal anastomosis, thus bypassing 
this portion of the intestine from receiving pancreatic 
enzymes and bile. The length of this bypassed portion of the 
jejunum or Roux limb can range from 75 cm to 250 cm to 
produce the desired amount of weight loss. Biliopancreatic 
diversion (BPD) performed with or without the duodenal 
switch (BPD-DS) are the main malabsorptive procedures 
being offered (Fig. 43.1e). These procedures include parti-
tioning of the stomach in the case of BPD or creation of gas-

a b

Fig. 43.1 Illustration of main types of bariatric surgery currently being 
performed. (a) Laparoscopic Adjustable Gastric Band; (b) Sleeve 
Gastrectomy; (c) Proximal RYGB; (d) Distal RYGB; (e) Biliopancreatic 

Diversion and Duodenal Switch. (By permission of Mayo Foundation 
for Medical Education and Research. All rights reserved)
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tric sleeve as seen in BPD-DS.  Then, an anastomosis is 
formed between the stomach and the jejunum (BPD) or duo-
denum and jejunum (BPD-DS). Malabsorption of nutrients 
occurs when the biliopancreatic limb is joined to the distal 
small intestine, allowing only a short segment of “common 
channel” where digestive enzymes from pancreas and bile 
mix with food.

 Impact of Bariatric Surgery on Type 2 Diabetes

Bariatric surgery is efficacious in producing weight loss. The 
Swedish Obese Subjects study compared outcome in 2010 
patients who underwent bariatric surgery with a matched 
control group who received conventional treatment [17]. 
After 1–2 years, the RYGB group had lost 32% of their body 
weight with the vertical banded gastroplasty (VBG) group 
losing 23% and the LAGB losing 20% (Table 43.1). The con-
ventional treatment group initially lost weight at 1 year but 
then regained by 2 years. After 10 years, the weight losses 
were 25% for the RYGB, 17% for VBG, and 15% for 
LAGB. Although dropout was an issue, the long-term weight 
loss in the surgical group was considerably greater than con-
ventional treatment group. A meta-analysis of 621 studies by 
Buchwald et al. revealed an average weight loss of 38.5 kg or 
55.9% of excess body weight loss for four distinct surgical 
procedures including BPD-DS [39]. The weight loss 
appeared to be sustained as studies with 2 or more years of 
follow-up revealed a mean total loss of 41.6 kg or 59% of 
excess body weight loss. The results were more impressive 
in patients with diabetes with a mean total loss of 40.6 kg or 
64.4% of excess weight and loss of 42.9  kg or 58.0% of 
excess weight in studies beyond 2 years.

Equally impressive improvements in weight-related 
medical comorbidities have been reported with bariatric 

surgery. Pories et al. first reported on the impact of bariatric 
surgery (RYGB) on type 2 diabetes and noted that 82.9% of 
patients with non-insulin-dependent diabetes (NIDDM) 
and 98.7% of patients with glucose impairment experi-
enced euglycemia without medications [40]. They also 
noted that 353 of the 608 patients (58.1%) had hyperten-
sion prior to surgery, and this rate was reduced to 14% 
afterward. Buchwald et  al. in a meta-analysis also noted 
similar impressive resolution of diabetes in 78.1% overall 
and an improvement or resolution in 86.6% [39]. Diabetes 
resolution was greatest for patients undergoing BPD-DS 
(95.1% resolution rate) compared to 80.3% with RYGB 
and 56.7% with LAGB. Hypertension resolved in 61.7% of 
patients and resolved or improved in 78.5% [41]. 
Obstructive sleep apnea was resolved in 85.7% of patients 
and resolved or improved in 83.6% [41]. Hyperlipidemia 
improved as well in greater than 70% of patients [41]. 
Brethauer et al. conducted a similar meta- analysis for the 
gastric sleeve both as a staged and primary procedure [42]. 
They reported a weight loss of 60.4% of excess weight in 
patients where gastric sleeve was the primary procedure 
and 46.9% when it was used as a staged procedure. Seventy 
percent of patients with type 2 diabetes had an improve-
ment or remission of their disease.

 Mechanisms of Improvement in Diabetes

In addition to the improvement in insulin resistance produced 
by weight loss alone, additional mechanisms have been pro-
posed to explain improvement and/or resolution of DMT2 
after bariatric surgery. Kellum et  al. first demonstrated the 
impact of gastric bypass on gastrointestinal hormones report-
ing a dramatic increase in enteroglucagon response to meal 
not observed after vertical banded gastroplasty [43]. 

Table 43.1 Weight loss reported as percent of baseline weight with various weight loss interventions

Weight loss intervention 6 months 1 year 2 years 3 years 4 years 5 years >5 years
Diet alone [58] 5.0 4.6 4.4 3.0
Diet plus exercise [58] 8.5 4.0 4.0 4.0 4.0
Meal replacements [58] 9.6 7.5
VLCD [58] 16.0 10.0 5.0
Orlistat [58] 8.0 8.0 7.0 7.0 5.3
Phen/top 15 mg/92 mg [31] 12.0 13.0 11.0
Liraglutide 3.0 mg [59, 60] 8.0 5.4
Naltrexone/Buproprion [61, 62] 32 mg 6.1–9.3
LAGB [17] 18.0 21.0 20.0 18.0 17.0 16.0 15.0 (10 years)
VBG [17] 23.0 26.0 23.0 21.0 20.0 18.0 17.0 (10 years)
RYGB [17] 27.0 33.0 32.0 30.0 29.0 27.0 25.0 (10 years)

Weight loss interventions (associated references) and percent weight loss from baseline weight reported at various time points (6 months, 1,2,3,4,5, 
> 5 years)
Note percent weight loss provided from pertinent landmark studies. Data from gastric sleeve and BPD-DS not available in this format at time of 
publication
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Enteroglucagon corresponds to the protein product of the glu-
cagon gene in the gut that generates many gut hormones 
(incretins),such as glucagon-like peptide 1 (GLP- 1) and 2 
(GLP-2), glucagon, glicentin, and oxyntomodulin [44]. 
Additional studies revealed that glucose-stimulated incretin 
levels increase after gastric bypass when they are typically 
blunted in T2DM [45–47]. Laferrère et al. revealed that this 
incretin effect can result in an increase in insulin secretion to 
levels seen in matched controls without T2DM only 1 month 
after gastric bypass [47]. This effect does not appear to be due 
to weight loss alone as shown in a study by Laferrère et al. that 
compared the change in incretin levels in obese women with 
T2DM undergoing RYGB versus their matched controls who 
lost an equivalent amount of weight with diet [48]. They found 
that GLP-1 levels after oral glucose increased sixfold after sur-
gery, but not after diet. In fact, after diet-induced weight loss, 
the levels of GLP-1 and GIP tended to decrease.

Additional beneficial changes in incretin secretion have 
been reported after bariatric surgery, resulting in both central 
(hypothalamic appetite regulation) and peripheral (ileal 
break and delayed transport of nutrients through the gastro-
intestinal tract) mechanisms. Obese individuals typically 
have decreased basal and postprandial PYY [49] as well as 
decreased post-prandial GLP-1 response [50], leading to 
lower feelings of satiety. This trend can be worsened with 
diet-induced weight loss as Sumithran et al. [51] revealed an 
increase in ghrelin and a reduction in peptide YY (PYY), 
amylin, and CCK, leading to an increase in ratings of hunger, 
desire and urge to eat, as well as prospective consumption. 
The opposite has been reported after bariatric surgery [52–
54]. One of the proposed mechanisms after gastric bypass is 
the increased delivery of unabsorbed nutrients to the GLP-1 
and PYY producing L cells in the distal small bowel, result-
ing in amplified secretion of the incretins [55]. Others have 
speculated that there is a change in macronutrient composi-
tion after surgery that may result in alteration of incretin 
secretion. Evans et  al. [55] investigated the mechanism of 
this change by comparing subjects who underwent RYGB 
with matched controls who were given a hypocaloric diet 
similar to a typical post-RYGB diet for 7 days. They  provided 
the groups with a high-protein or high-fat meal. Gastric 
bypass resulted in augmented post-prandial GLP-1 and PYY 
response to both meals. No augmentation in GLP-1 and min-
imal augmentation in PYY were seen in the low-calorie diet 
group. There was also a dramatic increase in hunger ratings 
in the diet group both before and after meal when compared 
to the RYGB group.

In addition to augmentation of GLP-1 and PYY secretion, 
bariatric surgery has also been noted to result in a change in 
ghrelin levels, a neuropeptide synthesized mainly in the 
antrum of the stomach that is known to have an orexigenic 
hypothalamic effect. Cummings et al. compared ghrelin lev-
els before and after both a 6-month dietary program as well 

as gastric bypass [52]. They noted a significant rise in ghrelin 
levels in the dietary weight loss group. On the other hand, the 
gastric bypass subjects had markedly lower ghrelin levels 
compared to both the lean and obese controls, despite weight 
loss. They also did not have an oscillation in levels in relation 
to meals, an effect felt to be due to the process of override 
inhibition that occurs when the stomach and duodenum are 
isolated from food. This tends to support patient subjective 
improvements in hunger and appetite regulation as exoge-
nous ghrelin has been show to increase subjective hunger 
and food intake, as well as decrease catabolism of fat and 
metabolic rate, leading to increase in body weight.

These positive changes in incretin secretion are not only iso-
lated to RYGB but have also been noted in patients undergoing 
gastric sleeve. Langer et  al. prospectively compared ghrelin 
levels after gastric sleeve and LAGB and noted that they were 
dramatically reduced after the gastric sleeve and yet increased 
following LAGB. Peterli et  al. [56] compared the change in 
ghrelin levels after a RYGB and gastric sleeve and observed a 
decrease in ghrelin levels within a few weeks of either proce-
dure. The decrease was more prominent in the gastric sleeve 
group when compared to the RYGB group, a finding that can 
be explained by the fact that ghrelin- producing cells are being 
removed in the gastric sleeve versus being isolated from nutri-
ents in the RYGB. Gastric sleeve patients also had an improve-
ment in GLP-1 response to meals that was less prominent than 
the RYGB group. This is a startling finding given the fact that 
the foregut is not being bypassed. One explanation for increased 
GLP-1 release may be that there is an additional trigger such as 
CCK for release of GLP-1 in addition to nutrient stimulation of 
L cells. It also seems that despite the lack of bypass in gastric 
sleeve, accelerated gastric emptying and earlier contact of 
chyme with L cells may still be occurring. Scintigraphic stud-
ies have shown accelerated gastric emptying for solid and liq-
uid foods up to 2 years after sleeve gastrectomy [57].

 Future Therapy Update

There is ongoing investigation of novel therapies targeting 
the obesity epidemic and its associated medical comorbidi-
ties. These include the continued development of medica-
tions and new endoscopic approaches to help promote 
weight loss.

 Summary

The rise in the prevalence of obesity is a recognized con-
tributor to the rising incidence of type 2 diabetes. Despite the 
reported benefits of weight loss through lifestyle changes, 
achieving significant and sustained weight loss remains a 
challenging prescription for most patients. Bariatric surgery 
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has been shown to be an effective therapeutic alternative in 
the management of the patient with obesity. Yet, it is the 
impact of bariatric surgery on weight-related comorbidities, 
particularly type 2 diabetes, that has led to a dramatic rise in 
the number of operations performed. Being well informed 
regarding the bariatric operations currently offered and their 
impact on type 2 diabetes is critically important as we assess 
the potential role of these operations in the management of 
our patients.
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Dyslipidemia

Erik T. Diniz, Ana Carolina S. M. Cardoso, 
and Francisco Bandeira

 Diagnosis

 Lipid Profile

The lipid profile is composed of laboratory measurements of 
TC, TG, HDL-C, and LDL-C. Traditionally, LDL-C is not 
measured directly in plasma, as calculated by the Friedewald 
equation [1] LDL-C = TC − HDL − TG/5.

However, this equation is no longer accurate when TG 
levels are greater than 200  mg/dL and ceases to be valid 
when they exceed 400 mg/dL or in the presence of chronic 
diseases such as cholestatic liver disease, poorly controlled 
diabetes mellitus (DM), and nephrotic syndrome [2]. In these 
cases, direct LDL-C can be performed through specific tests 
with excellent precision and accuracy [3].

Table 44.1 shows secondary causes of dyslipidemia with 
increase of total cholesterol and LDL cholesterol and 
triglyceride.

 LDL-Cholesterol

The increase in cardiovascular risk has been associated not 
only with elevated levels of TC but also with an increase in 
LDL-C [4, 5]. More recent studies have shown that this asso-
ciation is not linear and a steep increase in risk occurs when 
the levels of LDL-C affect more elevated track levels [6]. In 
addition, several randomized studies have shown that the 
control of total cholesterol and LDL-C levels is associated 

with a decreased risk of cardiovascular events in different 
groups of patients [7, 8].

Even in the presence of normal levels of LDL-C, the indi-
vidual may experience an increase in the small, dense LDL 
particles. These particles react more easily in the arterial wall 
and are more susceptible to oxidation. They are therefore asso-
ciated with an increased risk of cardiovascular events and may 
be present in 50% of men with CAD. Their presence is often 
related to low levels of HDL-C and hypertriglyceridemia, as 
well as metabolic syndrome (MS) and DM [9].

 HDL Cholesterol

Low levels of HDL-C are related to increased cardiovascular 
risk, as evidenced by the Framingham Heart Study, which 
showed an increased risk of acute myocardial infarction of 
about 25% for every 5  mg/dL decrease in HDL-C [10]. 
Studies such as LIPID, CARE, and TNT have reported that 
low levels of HDL-C are more powerful predictors of cardio-
vascular events in patients with LDL-C levels less than 125 
than in those with levels higher than 125 mg/dL [11, 12].

On the other hand, HDL-C levels >60 mg/dL have been 
considered a negative risk factor for CAD, so one risk factor 
can be subtracted from a patient’s overall risk profile. In both 
sexes, HDL-C levels below 40  mg/dL are an independent 
risk factor for CVD. However, women tend to have higher 
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levels of HDL-C than men, so values >50 mg/dL are consid-
ered ideal for females [9].

 Triglycerides

Hypertriglyceridemia has also been linked to an increased 
risk of cardiovascular events, as well as an increased mortal-
ity in patients with established CAD [13, 14]. This relation-
ship may be due to the direct effect of hypertriglyceridemia 
as an association of this condition with some other factors 
that predispose to atherosclerosis, such as low HDL-C, 
increased coagulation, insulin resistance, and the presence of 
small, dense LDL-C particles [15]. Some studies, such as 
SCRIP, which described the presence of small, dense parti-
cles in 90% of individuals with triglyceride levels above 
160 mg/dL [16], have found an inverse relationship between 
triglyceride levels and LDL-C diameter.

An additional test that can be performed in an individual 
with elevated fasting TG is the determination of postprandial 
triglyceridemia. Some evidence indicates that the TG-rich 
lipoproteins produced in the postprandial period are 
 atherogenic and that levels of postprandial TG > 150 mg/dL 
are an independent risk factor for CAD. Better standardiza-
tion of this cutoff point is, however, still required [17–20].

 Non-HDL Cholesterol

In patients with hypertriglyceridemia, in addition to increased 
LDL, there is an increase in IDL and VLDL, all atherogenic 
lipoproteins. Thus, the non-HDL cholesterol estimates the 
total circulating atherogenic lipoproteins better than LDL-C 
and also appears to better estimate cardiovascular risk [21, 
22], especially in patients with TG between 200 and 500 mg/
dL, diabetes, and established cardiovascular disease (CVD) 
[23, 24]. Non-HDL cholesterol should be determined by cal-
culating the difference between the total cholesterol and 
HDL-C in patients with triglyceride levels greater than 
200  mg/dL.  The non-HDL cholesterol target is 30  mg/dL 
higher than established LDL-C risk levels [25].

 Additional Tests

 Lipoprotein (a)

Lipoprotein (a) corresponds to an LDL-C particle which is 
found connected to a specific apolipoprotein: apo (a). Serum 
levels are genetically determined, and the apolipoprotein (a) 
molecule has an important homology to plasminogen, so 
there is a competitive effect on the latter. This leads to a pro-
thrombotic effect, thus contributing to atherosclerotic vascu-

lar injury [26]. Different studies have shown increased levels 
of lipoprotein (a) to be an important independent risk factor 
for coronary artery disease and cerebrovascular disease, 
especially in Caucasian patients [27, 28].

However, the lack of standardization in the measurement 
of this lipoprotein limits its use, so its evaluation is not rou-
tinely recommended. Nonetheless, its determination could 
be useful in White patients with CAD and in subjects with a 
family history of CAD of unknown origin [10].

 C-Reactive Protein

C-reactive protein (CRP) is a highly sensitive marker of 
chronic inflammatory conditions such as atherosclerosis, and 
its elevation has been associated with increased cardiovascu-
lar risk. Its levels can be divided into <1 mg/L (low risk), 
1–3 mg/L (intermediate risk), and > 3 mg/L (high risk) [29]. 
However, the JUPITER study suggested a simpler stratifica-
tion: CRP <2.0 vs. ≥2.0 [30].

Although some studies have suggested that CRP could be 
a better predictor of cardiovascular risk than LDL-C [31], 
larger, more recent studies have shown that the dosage adds 
little to predictions based on the traditional risk factors [29]. 
In relation to therapeutic drug monitoring, CRP levels seem 
to play a more important role since, as demonstrated by a 
more recent study, the reduction in the risk of coronary 
events appears to be greater not only when the LDL-C drops 
below 70 mg/dL but also when CRP has decreased levels in 
response to treatment (less than 2 mg/L) [32].

The dosage of CRP, however, should not be performed 
routinely but may be useful in estimates of intermediate risk 
or in evaluating residual risk in patients with LDL-C < 130 mg/
dL [10].

 Homocysteine

Elevated levels of homocysteine (>15  μmol/L) have also 
been associated with increased cardiovascular risk [33, 34]. 
However, reduction in its levels with the use of folic acid, 
vitamin B6, and vitamin B12 showed no risk reduction [35]. 
Homocysteine measurement is not recommended because its 
benefit is not well established [10].

 Apolipoproteins

Serum levels of apolipoprotein B (apoB) reflect the levels 
of small, dense LDL particles, recognized as atherogenic. 
Some studies have suggested that the elevation of apoB is 
equivalent or even superior to LDL-C and non-HDL cho-
lesterol in predicting cardiovascular risk, even in patients 
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with insulin resistance and DM2 [36–38]. The optimal level 
of apoB recommended in patients at risk of CAD is below 
90 mg/dL, while for individuals with CAD or established 
diabetes plus other risk factors, the ideal target is <80 mg/
dL, and for individuals at extreme risk, the target for apoB 
is <70 mg/dL [10].

Perhaps even more useful is the assessment of apoB/apo-
lipoprotein AI (apoA-I), as this ratio has been a stronger risk 
predictor than the LDL-C/HDL-C ratio [39]. The dosage of 
apoB and apoA-I is indicated in patients with TG >150 mg/
dL and HDL-C below 40 mg/dL to assess residual risk, even 
in those with LDL-C within the target range, including 
patients with CAD and DM2 [10].

 Carotid Intima-Media Thickness and Coronary 
Calcium Score

The measurement of carotid intima-media thickness (IMT) and 
the coronary calcium score (CCS) are noninvasive imaging 
tests and have emerged, in recent years, as markers for CAD.

The CCS is an estimate of the amount of coronary plaques 
in an individual [40]. A CCS of zero reflects a low likelihood 
of coronary disease, and the patient is classified as low risk, 
with an annual event rate of only 0.11% in the asymptomatic 
individual [41]. This appears to be true even in diabetic 
patients, as it has already been shown that in these cases, a 
CCS of zero indicates survival similar to nondiabetic patients 
also with a CCS of zero, so in these cases, lipid-lowering 
therapy would not need to be as aggressive or even necessary 
[42]. However, studies comparing the CCS with the carotid 
IMT have suggested that the latter, when increased, has 
proved a better predictor of CAD [43].

These tests, in any case, are not yet recommended in all 
individuals with dyslipidemia, and their usefulness would 
probably be greater in those patients initially classified as 
intermediate risk, in whom they could provide a better expla-
nation of the need for therapy and lipid goals.

 In Whom Should Serum Lipids Be Measured?

The lipid profile should be carried out in every adult from 
the age of 20. In patients without risk factors and an appro-
priate lipid profile, the test can be repeated every 5 years [4]. 
From the age of 45 years in men and 55 years in women, this 
frequency should be increased to one to two times a year, 
considering the high prevalence (21–49%) of dyslipidemia 
in this age group as evidenced by some studies [44, 45]. 
From 70  years of age, annual screening is recommended 
[11]. In patients with multiple risk factors for CVD, the lipid 
profile should be repeated more frequently regardless of age 
group [10].

Screening for dyslipidemia should also be performed in 
all patients with established coronary artery disease (CAD), 
diabetes, hypertension, obesity, and family history of pri-
mary dyslipidemia [4].

 Cardiovascular Risk Assessment

The diagnostic approach to dyslipidemia involves not only 
the diagnosis but also the assessment of cardiovascular 
risk to which the individual is exposed. This risk stratifica-
tion is essential to initiate the most appropriate treatment 
for the patient. After all, not all patients with abnormal 
lipid levels are candidates for drug therapy, and both the 
indication for and the aggressiveness of therapy to be insti-
tuted should be based on the individual risk of developing 
CVD. The risk that an individual has of a coronary event in 
10 years (death or MI) can be classified as high (greater 
than 20%), intermediate (between 10% and 20%), and low 
(less than 10%) [46].

In November 2018, the American College of Cardiology 
(ACC) and the American Heart Association (AHA) [4] 
issued new guidelines on controlling blood cholesterol as 
shown in Figs. 44.1 and 44.2. There are also new ACVD risk 
enhancer lists in order to refine risk categorization (Tables 
44.2 and 44.3).

The 10-year ASCVD risk was estimated using the 
Cohort Equations developed by the Risk Assessment 
Working Group. The necessary parameters included gen-
der, age, race, total cholesterol, high-density lipoprotein 
cholesterol (HDL- C), systolic BP, use of antihypertensive 
medication, diabetes, and smoking [4]. The parameters 
have not been applied to individuals under the age of 40 or 
older than 75 years.

The first step in estimating risk is to identify the pres-
ence of current manifestations of atherosclerotic disease 
(CAD, cerebrovascular, and peripheral vascular disease). 
Likewise, attention must be paid to the occurrence of the 
atherosclerotic disease equivalents such as diabetes type 1 
or 2 and abdominal aortic aneurysm, which would put the 
individual in the category of high risk at least [46]. 
Subsequently, the presence of major risk factors for athero-
sclerotic disease (Table 44.4) and ERF should be evaluated 
[10]. The ERF is most useful in cases initially classified as 
intermediate risk.

The Framingham Study, conducted in the USA, provided 
sufficient epidemiological evidence to permit risk evaluation 
of CAD in 10 years in an individual, using scores and cardio-
vascular risk tables. The FRS considers blood pressure, sex, 
age, smoking status, and TC and HDL-C levels [47]. If the 
risk is classified as intermediate, there is a need to consider 
other factors associated with cardiovascular risk to minimize 
the possibility of under- or overestimating the risk.
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Thus, the classical risk factors do not appear sufficient to 
predict all risk, and in this context, the role of the emerging 
risk factors (C-reactive protein, lipoprotein (a), apoB/apoA-I 
ratio, microalbuminuria, homocysteine, left ventricular 
hypertrophy, the thickness of the carotid artery intima-media 
complex (IMT), CCS) has been gaining strength.

Primary prevention (Age 40 – 75 y)

LDL-C ≥ 190 mg/dL

70  LDL-C < 190 mg/dL

Maximum tolerated statin

Diabetes

LDL-C < 70 mg/dL Assess lifetime risk

Moderate internsity statin

Assess 10-year ASCVS Risk to
begin Risk Discussion

If LDL-C ≥100 mg/dL: Adding ezetimible is resasonable  If LDL-C ≥100 mg/dL: PCSK9-I may be considered

≥20% High Risk

≥7.5 to < 20%
Intermediate Risk

Aim for LDL-C lowering 30–50% If multiple ASCVD risk factors, 50-75 y of age: High intensity statin

High intensity statin Aim for LDL-C lowering ≥50%

Evaluate risk enhancers and
coronary artery calcium score

if uncertain

Moderate-intensity statin

Aim for LDL-C lowering 30-50%

Lifestyle;
selective moderate statin
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N

Fig. 44.1 Overview of primary ASCVD prevention [9] – according to the ACC Guidelines, 2018

Secondary prevention (Age 18+)

history of multiple
major ASCVD events

or 1 major ASCVD
event + multiple

high-risk conditionst

Very high risk ASCVD

Stable ASCVD

Maximum tolerated
statin

High or moderate
intensity statin

If LDL-C≥70 mg/dL: Adding ezetimibe is reasonable
If LDL-C ≥70 mg/dL or non-HDL-C≥10 mg/dL: Adding PCSK9-I is reasonable

followind risk discussiob

If high internsity statin: Aim for LDL-C lowering ≥50%
If moderate intensity statin: Aim for LDL-C lowering 30–50%

Fig. 44.2 Overview of secondary ASCVD prevention [9] – according to the ACC Guidelines, 2018

Table 44.2 ASCVD risk enhancers [9]

Family history of premature ASCVD
Persistently elevated LDL-C ≥ 160 mg/dL (≥4.1 mmol/L)
Chronic kidney disease
Metabolic syndrome
Conditions specific to women (e.g., preeclampsia, premature 
menopause)
Inflammatory diseases (especially rheumatoid arthritis, psoriasis, 
HIV)
Ethnicity factors (e.g., south Asian ancestry)
Lipid/biomarkers:
Persistently elevated triglycerides (≥175 mg/mL)
In selected individuals if measured:
Hs-CRP ≥2.0 mg/L
Lp(a) levels >50 mg/dL or > 125 nmol/L
apoB ≥130 mg/dL
Ankle-brachial index (ABI) <0.9

According to the ACC Guidelines, 2018

Table 44.3 Diabetes-specific risk enhancers that are independent of 
other risk factors in diabetes [9]

Long duration (≥10 years for type 2 diabetes or ≥ 20 years for type 
1 diabetes)
Albuminuria ≥30 μg albumin/mg creatinine
eGFR <0.9
Retinopathy
Neuropathy
ABI <0.9

According to the ACC Guidelines, 2018

Table 44.4 Major coronary artery disease risk factors

Advancing age
High total serum cholesterol level
High non-HDL-C
High LDL-C
Low HDL-C
Diabetes mellitus
Hypertension
Chronic kidney disease
Cigarette smoking
Family history of coronary artery diseasea

aDefinite myocardial infarction or sudden death before the age of 
55 years in father or other male first-degree relative or before the age of 
65 years in mother or other female first-degree relative
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 Treatment

 Treatment Goals

The reduction in LDL-C levels, especially in individuals at 
risk of CVD, remains the main therapeutic target in dyslip-
idemia. Table 44.5 shows the goals for each risk category, 
and drug treatment associated with lifestyle modification 
(LSM) in patients at high, very high, or extreme risk should 
be initiated immediately, having statins as first-choice 
drugs. Even if the initial target is not reached, the reduction 
of at least 30–40% in the initial LDL-C levels has shown a 
decrease in cardiovascular risk [4]. However, a single 
LDL-C target, in general, is not sufficient to reduce all car-
diovascular risk [10].

The goal for TG is <150  mg/dL.  However, the exact 
level at which TG starts to confer risk is unknown. 
Endocrine Society Guidelines suggested a new TG classifi-
cation: mild (150–199  mg/dL), moderate (200–999  mg/

dL), severe (1000–1999  mg/dL), and very severe 
(≥2000  mg/dL) hypertriglyceridemia. Lifestyle changes 
(LSC) should be started in the presence of hypertriglyceri-
demia and drug therapy in cases in which LSC failed. Only 
in those individuals with TG >1000 mg/dL, drug therapy 
should be started immediately, preferably a fibrate, to 
reduce the risk of pancreatitis [48, 49].

For HDL-C, in the presence of associated hypertriglyceri-
demia or other risk factors, a target at least >40 mg/dL should 
be pursued. The major question occurs in individuals with 
isolated lowering of HDL-C in the absence of CVD and/or 
risk factors due to the absence of clinical trials supporting 
the benefit of increasing this lipid in this group of patients 
[10]. However, once it has been decided to raise their HDL-C 
levels, regular physical activity should be instituted, and 
smoking cessation should also be encouraged, as these mea-
sures are known to be effective in increasing HDL-C.  If a 
drug is required, nicotinic acid remains the most effective 
option.

Table 44.6 shows lipid target of the patient with coronary 
artery disease (CAD) with the goal of total cholesterol, HDL 
cholesterol, LDL cholesterol, triglyceride, and apoB.

 Lifestyle Change (LSC)

All patients with dyslipidemia should initiate LSC, based on 
diet reorientation (low in saturated fat and high in fiber), 
regular physical activity, and smoking cessation. This thera-
peutic approach corresponds to the first option in patients at 
low risk, in which pharmacological treatment should only be 
initiated 6 months after an attempt to normalize lipemia with 
LSC, and in those at intermediate risk, in whom the start of 
lipid-lowering medication should be considered only 
3 months later [4].

The type of fat intake is fundamental to the management of 
dyslipidemia. The saturated fat intake should be limited (<7% 
of total calories), and trans fats should also be avoided, since 
they are associated with elevated LDL-C, decreased HDL-C, 

Table 44.5 Coronary artery disease risk categories and low-density 
lipoprotein treatment goals [15]

Risk 
category Risk factors/10-year riska

LDL-C 
treatment 
goal

Extreme 
risk

Progressive ASCVD including unstable 
angina in patients after achieving an 
LDL-C < 70 mg/dl
Established clinical cardiovascular 
disease in patients with DM, CKD ¾, or 
HeFH
History of premature ASCVD (<55 male, 
<65 female)

<55 mg/dl

Very high 
risk

Established or recent hospitalization for 
ACS, coronary, carotid, or peripheral 
vascular disease, 10-year risk >20%
Diabetes or CKD ¾ with one or more risk 
factor(s)
HeFH

<70 mg/dL

High risk ≥2 risk factors and 10-year risk 10–20%
Diabetes or CKD ¾ with no other risk 
factors

<100 mg/dL

Moderate 
risk

≥2 risk factors and 10-year risk <10% <100 mg/dL

Low risk 0 factor risk <130 mg/dL

According to the AACE Guidelines, 2017
Abbreviations: ACS acute coronary syndrome, ASCVD atherosclerotic 
cardiovascular disease, CKD chronic kidney disease, DM diabetes mel-
litus, HDL-C high-density lipoprotein cholesterol, HeFH heterozygous 
familial hypercholesterolemia, LDL-C low-density lipoprotein 
cholesterol
aMajor independent risk factors are high LDL-C, polycystic ovary syn-
drome, cigarette smoking, hypertension (blood pressure ≥ 140/90 mm 
Hg or on hypertensive medication), low HDL-C (<40 mg/dl), family 
history of coronary artery disease (in male, first-degree relative younger 
than 55 years; in female, first-degree relative younger than 65 years), 
chronic renal disease (CKD) stage ¾, evidence of coronary artery calci-
fication, and age (men ≥45; women ≥55 years). Subtract one risk factor 
if the person has high HDL-C

Table 44.6 Lipid target of the patient with coronary artery disease 
(CAD) [15]

Total cholesterol 
(mg/dL)

<200

HDL cholesterol 
(mg/dL)

As high as possible, at least >40 in both 
sexes

LDL cholesterol (mg/
dL)

<100, <70 (all high-risk patients)

Triglyceride (mg/dL) <150
apoB, mg/dL <90 (patients at risk of CAD, including those 

with diabetes)
Established diabetes <80 (patients with CAD or

plus ≥1 additional risk factor

According to the AACE Guidelines, 2017
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and increased cardiovascular risk. Unsaturated fatty acids 
should make up 10–20% of caloric intake. Polyunsaturated 
fatty acids are represented by omega 3 (found in vegetable oils 
and cold-water fish), the benefits associated with CVD; omega 
6 (found in soybean, corn, and sunflower oil), associated with 
reduction in LDL-C; and TG, although they can also decrease 
HDL-C. Monounsaturated fatty acids reduce LDL-C, but with 
no effect on the HDL-C [4].

Considering the positive effect of omega 3 on the lipid 
profile and cardiovascular risk, its supplementation (at least 
2–4° g of fish oil a day) has been recommended for patients 
with CVD [10].

 Statins

Statins represent the drugs of choice in hypercholesterolemia 
treatment. They act by inhibiting HMG-CoA reductase, an 
enzyme involved in the synthesis of endogenous cholesterol. 
Since the intracellular levels of cholesterol decrease with the 
use of the drug, there is an increase in LDL-C receptors in 
cell membranes, enhancing LDL-C clearance [50].

The decrease in LDL-C serum levels can range from 25% 
to 55%, depending on the drug used. There may also be a fall 
in triglyceride levels of 15–25% and an increase in HDL-C 
of around 2–10% [51].

Simvastatin (dose of 20–80 mg per day) and pravastatin 
(dose of 20–40 mg a day) must be taken at night. However, 
atorvastatin (dose of 10–80  mg per day) and rosuvastatin 
(dose of 10–40 mg per day), more potent in reducing LDL- 
C, have a longer half-life and can therefore be administered 
at any time of the day. Rosuvastatin is the most effective drug 
for raising HDL-C levels [51].

On the whole, it is not recommended to exceed the dose 
of 40  mg of simvastatin and of 20  mg of atorvastatin and 
rosuvastatin, because larger doses will contribute little to the 
decrease in LDL-C, and there is an increased risk of side 
effects. Thus, in the absence of response, the most sensible 
thing to do is to introduce another class of drug.

In general, statins are well tolerated, although the follow-
ing may occur: hepatotoxicity in 1.4% of cases (a > threefold 
increase in transaminases indicates a dosage reduction or 
discontinuation of the drug) and myalgia and CPK elevation 
to 15.4% and 0.9% of cases, respectively (in cases of a > ten-
fold rise in CPK or persistence of muscle symptoms, the 
drug should be discontinued). Rhabdomyolysis is rare, 
occurring in 0.2% of individuals, and its risk increases in 
cases of association of drugs with fibrates (except fenofi-
brate). Among the contraindications to statin therapy, the fol-
lowing may be mentioned: pregnancy, breastfeeding, and 
acute liver diseases (in cases of renal failure and chronic liver 
disease, the drug can be used) [52].

Recent clinical trials suggested that the statins may 
increase the incidence of diabetes. A meta-analysis of 13 
randomized statin trials of over 91,000 patients suggested 
that these drugs compared with placebo lead to a 9% 
increased relative risk for the development of diabetes [53]. 
However, the benefit of cardiovascular risk reduction by 
statin therapy seems to exceed the risk of diabetes. A risk–
benefit analysis showed that the risk of diabetes was 
increased, but the statins were favorable in high-risk and sec-
ondary prevention populations [54]. A recent analysis from 
the JUPITER (a primary prevention trial) evaluated 17,603 
subjects without previous CVD or diabetes and showed that, 
in subjects with one or more diabetes risk factors, the statin 
therapy was associated with a 39% reduction in the primary 
endpoint (myocardial infarction, stroke, admission to hospi-
tal for unstable angina, arterial revascularization, or cardio-
vascular death) and a 28% increase in diabetes (a total of 134 
vascular events or deaths were avoided for every 54 new 
cases of diabetes diagnosed) [55].

The major advantage of statins is their positive effect on 
cardiovascular disease, constituting a class of drug with 
strong evidence of reducing overall mortality when used in 
both primary and secondary prevention.

 Benefits in Secondary Prevention

Several studies have reported the benefits of statin therapy in 
patients with proven CAD, regardless of the presence of 
dyslipidemia.

The 4S study compared simvastatin (up to a maximum 
dose of 40 mg) with placebo, and, in addition to reporting a 
decrease in coronary events and CAD mortality, it was the 
first study to show a decrease in overall mortality [8]. CARE, 
in turn, compared placebo with pravastatin, also showing a 
reduction in the incidence of coronary events and deaths 
from CAD [56]. HPS (UK Heart Protection Study), compar-
ing simvastatin 40 mg with placebo, showed a reduction of 
about one-third in the risk of myocardial infarction (MI), 
stroke, and myocardial revascularization, in addition to its 
beneficial effect on overall mortality and CAD, irrespective 
of baseline cholesterol (33% had LDL-C lower than 116 mg/
dL). The benefit in patients with low LDL-C levels reflects a 
possible additional effect of statins in addition to that related 
to the reduction in cholesterol levels [57].

In relation to the statin dose, there is no justification for 
the use of aggressive therapy in stable patients. CARDS, for 
instance, demonstrated that the use of atorvastatin at a dose 
of 10 mg, in type 2 diabetics, was able to reduce the risk of 
cardiovascular events by 35% [58]. Also, even though TNT 
has shown that 80 mg of atorvastatin has led to an additional 
reduction in events when compared to a 10-mg dose, there 
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was a higher incidence of adverse effects with the higher 
dose [13]. Furthermore, a recent meta-analysis of data from 
more than 30,000 patients without DM showed that intensive 
therapy was associated with an increased occurrence of new 
cases of DM [59].

Aggressive treatment, however, has proven its benefits in 
patients with acute coronary syndrome (ACS). In this case, 
the drug should be started even prior to discharge from the 
hospital stay and in high doses, as shown by studies 
PROVE-IT and MIRACL, demonstrating the advantage of 
an 80-mg dose of atorvastatin compared to a less aggressive 
therapy (pravastatin at a dose of 40 mg) [60, 61]. The absence 
of similar results using an 80-mg dose of simvastatin in ACS, 
shown by the A to Z study, suggested that in patients with 
high levels of inflammation, statins are important because of 
their pleiotropic effects [62]. Thus, an aggressive treatment 
is justified only for ACS cases, and atorvastatin at a dose of 
80 mg should be the drug of choice in this situation.

 Beneficial Effects on Atheromatous Plaque

Both REVERSAL and ASTEROID have studied stable coro-
nary patients accompanied with intracoronary ultrasound 
and showed that the use of 80 mg of atorvastatin led to plaque 
stabilization (REVERSAL) and that rosuvastatin induced the 
regression of atheroma (ASTEROID) [63, 64]. METEOR, in 
turn, studied patients at low risk (primary prevention), show-
ing that there was progression of carotid IMT in individuals 
who used the placebo compared with those on rosuvastatin 
40 mg for 2 years [65].

A recent study compared rosuvastatin and atorvastatin at 
maximum doses and demonstrated a similar effect on ather-
oma volume reduction, despite the greater effects of rosuvas-
tatin on LDL-C and HDL-C [66].

 Benefits of Primary Prevention

WOSCOPS was a primary prevention study in middle-aged 
men which showed a reduction in coronary events and mor-
tality in this group of patients with the use of pravastatin 
40 mg/day [67]. The same was observed for the AFCAPS/
TexCAPS (with lovastatin) and ASCOT-LLA (with atorvas-
tatin 10 mg), both with the added advantage of having also 
evaluated women and having included patients with choles-
terol levels closer to “normal” [9, 68]. More recently, 
JUPITER compared the use of rosuvastatin with placebo in 
patients with LDL-C < 130 mg/dL, but with CRP ≥2.0 mg/L, 
being discontinued owing to the evident reduction in cardio-
vascular morbidity and mortality in the statin group [30].

Although there is evidence of benefits of primary preven-
tion treatment, not all patients should be treated, so the cost–

benefit should be considered (4S estimated the cost per life 
saved per year for secondary prevention of about US$ 7500, 
whereas WOSCOPS estimated a cost of US$ 27,000 for pri-
mary prevention) [8, 67]. Treatment should therefore be 
reserved for those patients with a higher CAD risk, consider-
ing the LDL-C levels and associated risk factors.

 Fibrates

Fibrates are the drugs of choice in hypertriglyceridemia 
treatment and reduce TG by 20–35%, but they also have an 
effect on HDL-C (elevation of 6–18%) and on LDL-C (vari-
able effect, reducing or even increasing its levels). They act 
via activation of peroxisome proliferator-activated receptor 
alpha (PPAR-alpha), leading to the activation of lipoprotein 
lipase (LPL) (responsible for the hydrolysis and removal of 
plasma triglycerides), reduced VLDL synthesis in the liver, 
and increased synthesis of apoA-I, contributing an increase 
in HDL-C [10].

Among the main fibrates, the following deserve special 
mention: gemfibrozil (600–1200  mg/day), fenofibrate 
(200 mg/day in its micronized form), and ciprofibrate (100 mg/
day). They can cause fatigue, gallstones, gastrointestinal dis-
turbances, rash, headache, and, more rarely, elevated transami-
nases and CPK.  Rhabdomyolysis has been described when 
statins are associated with gemfibrozil, which therefore should 
not be used in this type of combination therapy. Fibrates 
should be avoided in cases of renal failure [69].

Although there is a decrease in lipid levels with the use of 
fibrates, they have not been shown, in the long term, to pro-
duce the same clinical results as statins. Some studies, how-
ever, such as the Helsinki Heart Study and BIP [70, 71], have 
demonstrated a reduction in coronary events. The FIELD 
study involving 9795 subjects with DM2 showed that 
micronized fenofibrate decreased coronary events but 
increased coronary mortality in all cases. However, the 
results were not significant [72].

 Niacin

Niacin can be used instead of fibrates and statins (or in asso-
ciation with them) in the treatment of hypercholesterolemia, 
hypertriglyceridemia, or mixed hyperlipidemia, since it 
reduces the hepatic synthesis of VLDL and, consequently, its 
LDL-C metabolite. But the action that makes it unique 
among oral lipid-lowering drugs is its inhibitory effect on the 
transport of cholesterol from HDL-C to VLDL and on the 
clearance of HDL-c, thereby increasing the plasma levels of 
this lipoprotein [73].

Niacin is, therefore, the most effective drug for treating 
patients with low levels of HDL-C without other lipid 
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 abnormalities and can increase HDL-C by 30%. To exert its 
effect on HDL-C, in general, doses of 1–1.5 g/day are neces-
sary. Higher doses (3 g/day) are more effective on LDL-C 
and triglycerides as well as on lipoprotein (a), which can be 
reduced by 35% [74].

There are three types of drug preparation, according to the 
speed of its release: fast (often causes flushing), intermediate 
(causes less flushing), and slow (the main limitation of which 
is hepatotoxicity). Of these three, the second is the option of 
choice and should be initiated at a dose of 500 mg, with a 
gradual increase (every month) to 1–2 g/day as a single dose 
taken immediately after dinner.

The biggest question now about this drug is whether there 
would be some benefit from its combination with statins in 
the prevention of cardiovascular events. Studies evaluating 
the use of statins plus niacin in CAD patients showed that 
this association decreased mortality and cardiovascular 
events, suggesting an additional protection when therapy for 
an increase in HDL-C is instituted [75]. The ARBITER2 
study, in turn, showed a tendency of reduction in carotid IMT 
progression with the use of niacin in coronary patients 
already on statins, suggesting a beneficial effect of the drug 
on the anatomical progression of atherosclerosis [76].

However, the AIM-HIGH study failed to show any addi-
tional benefits of adding niacin to statin therapy in patients 
with a mean LDL-C of 71  mg/dL and suggested a higher 
occurrence of stroke in individuals treated with niacin [77]. 
This study, therefore, increased doubts about the advantage 
of the combination of statin and niacin, so one must await the 
results of HPS2-THRIVE, currently in progress, for clarifi-
cation of this issue.

Among the side effects of drugs, the main one is flushing, 
mediated by the action of prostaglandin D and often respon-
sible for the discontinuation of therapy. This effect can be 
prevented with the use of aspirin 325 mg 30 min before drug 
intake. More recently, laropiprant, a prostaglandin receptor 
antagonist, has been used in combination with niacin, sig-
nificantly reducing the incidence of flushing, as well as its 
intensity, without changing the lipid effect [78].

A negative effect of the drug on glucose metabolism with 
increased insulin resistance and elevated blood glucose has 
also been demonstrated. However, these changes have been 
shown to be transient and can be effectively controlled with 
adjustments to the treatment regime with oral antidiabetic 
agents or insulin in individuals with DM2 [10, 79].

 Ezetimibe

Ezetimibe is used at a dose of 10 mg/day in the treatment of 
hypercholesterolemia, reducing intestinal cholesterol absorp-
tion by inhibiting the cholesterol transport protein present in 
the brush border of the enterocyte without interfering with 
the absorption of fat-soluble vitamins and triglycerides [10].

Although its use alone can reduce LDL-C by about 17%, 
its main therapeutic use is in combination with statins in an 
attempt to avoid the need to increase the dose of the latter in 
unresponsive cases [80]. Ezetimibe can produce a further 
14% reduction in LDL-C levels when added to the isolated 
use of statins and has the advantage of being well tolerated 
[81]. Additional benefits have also been demonstrated by its 
association with atorvastatin and rosuvastatin [10].

However, there is still no conclusive data showing the 
benefits of this drug in reducing cardiovascular events. 
ENHANCE, involving 720 patients with familial heterozy-
gous hypercholesterolemia, showed no significant difference 
in the progression of carotid IMT between the group treated 
with statin alone and those associated with ezetimibe, despite 
the more significant reduction in LDL-C in the second group 
[82]. On the other hand, the SHARP study showed a reduced 
incidence of cardiovascular events in subjects with chronic 
renal failure using simvastatin 20  mg/day plus ezetimibe 
10  mg/day [83]. In addition, preliminary data from SEAS 
have shown a 20% reduction in ischemic events by 20% in 
the group using simvastatin 40 mg/day plus ezetimibe 10 mg/
day when compared to the placebo group [84].

The IMPROVE-IT study showed a significant reduction 
of the primary endpoint (composed of cardiovascular death, 
MI, unstable angina requiring rehospitalization, coronary 
revascularization, or stroke) in patients with acute coronary 
syndrome (ACS) prior to the use of ezetimibe/simvastatin 
compared with only simvastatin [85].

 Bile Acid Sequestrants

Colestipol, colesevelam, and cholestyramine act by inhibit-
ing the absorption of bile salts, which, as a result, reduces 
cholesterol absorption. They are therefore options in the 
treatment of hypercholesterolemia, particularly in combina-
tion with statins, and can decrease LDL-C by 15–25%. They 
can also raise HDL-C slightly (4–8%) but should be avoided 
in hypertriglyceridemia, since they may increase TG levels 
[10]. One advantage of the use of colesevelam is the reduc-
tion of blood glucose levels, and it can serve as an adjuvant 
therapy for DM2 [85].

Its main drawback is the impaired tolerance resulting 
from its gastrointestinal effects (nausea, meteorism, consti-
pation), leading eventually to high rates of noncompliance. 
Colesevelam, however, seems to be better tolerated [10].

 Combination Therapy

In many situations, the isolated use of only a single lipid- 
lowering agent is not sufficient to achieve lipid targets, and it 
is preferable to combine two different classes of drug rather 
than increase the dose of the medication in use. After all, in 
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the treatment of hypercholesterolemia, for example, an 
increase in dose can only further reduce by 6% in the amount 
of LDL-C, in addition to which it considerably increased the 
risk of side effects such as increased liver transaminases and 
muscle injury.

Combination therapy is therefore usually recommended 
when (1) monotherapy fails to reduce cholesterol levels to 
the desired target; (2) increasing the dose of medication in 
use is accompanied by adverse events; or (3) the patient has 
a mixed dyslipidemia (elevated LDL-C and TG with HDL-C 
reduction).

In the first case, three types of combination can be consid-
ered: statin + ezetimibe, especially after the positive results 
presented by SHARP, although this combination needs to be 
better evaluated in future studies [84], statin + bile acid 
sequestrants, and statin + niacin, a combination whose car-
diovascular benefit remains inconclusive [10].

In the presence of side effects with the increase of statin 
doses, the best matches would be combinations with ezeti-
mibe or bile acid sequestrant. In cases of mixed hyperlipid-
emia, the combination with fibrates, avoiding gemfibrozil, or 
with niacin is the best option [10].

 PCSK9 Inhibitors

Proprotein convertase subtilisin/kexin type 9 inhibitors have 
been approved by regulatory agencies for the treatment of 
individuals with inadequate low-density lipoprotein (LDL- 
C) levels. They are able to reduce LDL-C by up to 60% in 
patients with statin therapy. In addition, they produce clinical 
benefits, such as reductions in stroke rates or myocardial 
infarction. Proprotein convertase subtilisin/kexin type 9 
(PCSK9) is an enzyme (serine protease) encoded by the 
PCSK9 gene, which is produced predominantly in the liver 
[47, 86, 87]. PCSK9 binds to the low-density lipoprotein 
(LDL-R) receptor on the surface of hepatocytes, leading to 
LDL-R degradation and higher plasma LDL-C (LDL-C) lev-
els [88, 89]. Alirocumab and evolocumab are human mono-
clonal antibodies that bind to free PCSK9 plasma, promoting 
the degradation of this enzyme [4–7]. As a result, less free 
PCSK9 is available in plasma to bind to LDL-R. This results 
in a greater fraction of the recycling of LDL-R to the surface 
of hepatocytes. As a direct consequence, the liver has the 
ability to remove more LDL-C from the circulation, result-
ing in lower plasma LDL-C levels.

Another potential method of interference with PCSK9 is 
to block its synthesis, which is dependent on messenger 
RNA.  Other mechanisms, in addition to the reduction of 
LDL-C, by which PCSK9 antibodies may improve cardio-
vascular outcomes were postulated [9]. These include a 
reduction in inflammation and oxidative stress in the athero-
sclerotic plaques and inhibition of the prothrombotic path-

ways. They are indicated for patients with acute coronary 
syndrome.

Circulating levels of PCSK9 are upregulated in the pres-
ence of statins, suggesting that inhibition of the PCSK9 path-
way may complement the LDL-C lowering effect of statins.

The recommended dose of evolocumab in primary or 
mixed dyslipidemia is 140 mg subcutaneously every 2 weeks 
or 420 mg once monthly; both doses are clinically equivalent 
[28, 40, 68].

The initial dose of alirocumab is 75 mg subcutaneously 
once every 2  weeks. The maintenance dose is 75–150  mg 
subcutaneously once every 2 weeks [12]. Plasma levels of 
low-density lipoprotein (LDL-C) cholesterol should be mea-
sured within 4–8 weeks of starting or changing the dose, and 
an increase in dosage to 150 mg may be initiated if LDL-C 
reduction is inadequate.

An alternative dose of alirocumab for patients who prefer 
a less frequent dosage is 300 mg once every 4 weeks. For 
patients receiving this scheduled dose, LDL-C should be 
measured immediately prior to the next scheduled dose. If 
LDL-C reduction is inadequate, 150 mg every 2 weeks can 
be given by starting the new dose on the next scheduled dos-
ing date. LDL-C should be measured within 4–8 weeks.

The ODYSSEY OUTCOMES studies with alirocumab 
and FOURIER with evolocumab showed similar results with 
low rates of cardiovascular events among patients who were 
treated with PCSK9 inhibitors [90].

 Future Therapies

New pharmacological interventions may help, in a near 
future, to decrease the residual cardiovascular risk, which 
is still significant in patients on statin therapy [89]. 
Lomitapide, a microsomal triglyceride transfer protein 
inhibitor which blocks the secretion of apoB by the liver, 
and mipomersen, an antisense nucleotide which leads to 
apoB RNA degradation, are approved for the treatment of 
homozygous familial hypercholesterolemia (HoFH). Their 
effects on LDL-C reduction are from 25% to 60%. The fre-
quent finding of fat liver disease with these drugs limits 
their use at this point.

In the REVEAL study, the use of anacetrapib (a choles-
terol ester transfer protein) resulted in a lower incidence of 
coronary events (comprised of coronary death, myocardial 
infarction, or coronary revascularization) in patients with 
atherosclerotic vascular disease who remained at high risk, 
despite effective statin-based treatment [91, 92]. Inclisiran is 
a synthetic small interfering RNA with a prolonged action 
that selectively suppresses hepatic production of PCSK9. 
According to the findings of the ORION-1 phase II trial led 
to a sustained reduction in plasma cholesterol of low-density 
lipoproteins [93, 94].
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In the genesis of cardiovascular disease (CVD), nutrition is 
an important pillar because it represents the possible modifi-
able factors, along with physical activity. Another aspect that 
deserves reflection is that excess body weight contributes to 
the appearance of other risk factors, such as hypertension, 
dyslipidemia, diabetes, and renal dysfunction, and thus, it 
symbolizes the iceberg and the onset of factors that predis-
pose to CVD.

 Nutritional Factors and Targets of MD

 Mediterranean Diet

Among several diets discussed in the literature, one of the 
most studied, which can be referred to without any doubt, 
is the Mediterranean diet (MD). A recent review article, 
published in 2017, points out the protective effects of MD 
for individuals with and without chronic diseases, by 
assessing the progression and regression of metabolic syn-
drome, longevity, and even cancer. The authors analyze the 
apparent capacity of the traditional MD to reduce the risk 
of CVD developing and progressing. This capacity is repre-
sented by bioactive components or to the nutraceutical 
effect of micronutrients and compounds, which have an 
antithrombotic, anticancer, and antioxidant capacity. These 
could explain this possible action and control for cardiovas-
cular disease [1, 2].

Nutritional factors and targets for composing MD include 
vegetables and fruits ≥400  g/day, total carbohydrates 
45–55% of total energy value (VET), simple carbohydrates 

<10% of VET, not recommended additional fructose, total 
dietary fiber >25–30 g/day, total fat >30% of VET, saturated 
fatty acids <7% of VET, trans fatty acids <1% of VET, poly-
unsaturated fatty acids (PUFA) 10% of VET, polyunsatu-
rated fatty acids Ω 3 5–8% of VET, polyunsaturated fatty 
acids Ω 6 1–2% of VET, monounsaturated fatty acids 
(MUFA) >15% of VET, cholesterol <300 mg/day, proteins 
10–15% of VET, sodium chloride <5  g/day, and flavonols 
>50 mg/kg [3, 4].

To study the eating habits of a population who had a 
Mediterranean-style diet, some authors have suggested mak-
ing use of the Mediterranean Adequacy Index (MAI). 
Adhesion to the Healthy Reference National Mediterranean 
Diet (HRNMD) has been introduced. This index is calcu-
lated by dividing the sum of the total energy percentages of 
the food groups typical of HRNMD (bread, cereals, legumes, 
potatoes, vegetables, fresh fruit, nuts, fish, wine, vegetable 
oil) by the sum of the dietary energy percentage of food 
groups that are not characteristic of HRNMD (milk, cheese, 
meat, eggs, animal fats and margarines, sweet beverages, 
cakes, pies, cookies) [1]. Thus, the longitudinal study of 
Alberti-Fidanza et al. evaluated between 26 and 41 years of 
follow-up and observed a decrease in MAI indices, that is, 
the Mediterranean-style diet has lost its characterization over 
the years [5].

A random sample of 1159 Jewish people in Israel was 
studied by Trichopoulou et al. in 1995 to examine the rela-
tionship between MD and CHD, using the Mediterranean 
Diet Score (MDS). The results of this study showed higher 
MDS correlated to lower risk of myocardial infarction, coro-
nary bypass, angioplasty, and all other cardiovascular dis-
eases [6]. Later on, the authors modified MDS and included 
moderate fish consumption among the inclusion criteria, and 
they verified that CHD mortality fell by 33% [7].

The reduction in relative risk for developing type 2 diabe-
tes mellitus was evaluated in the PREDIMED study, which 
included 7447 nondiabetic subjects who had a high cardio-
vascular risk over a period of 4.8 years. After randomization, 
the researchers divided the patients into three groups. Those 
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who followed the low-fat diet (control group) or one of two 
MedDiets, supplemented with either free virgin olive oil (1 l/
week) or nuts (30  g/day). Diets were ad libitum, and no 
advice on physical activity was given. The results for the 
group following the MedDiet with olive oil and the group 
following the MedDiet with nuts, when compared with the 
results for the control group, showed that the rate of CVD 
events in the group following the MD with extra-virgin oil 
was reduced by 30%, and, for the group following the MD 
with nuts, there was a reduction of 28%. Both diets, supple-
mented with either extra-virgin olive oil or nuts, were associ-
ated with a regression of MS. [8] Another branch of this 
study also evaluated survival and found that, when compar-
ing the two Mediterranean diets with the control, the differ-
ence was significantly higher with Mediterranean diets [9]. 
After adjustment for various confounders, incident diabetes 
was reduced by 51% in the group following the MedDiet 
with olive oil and by 52% in the group following the MedDiet 
with nuts when compared with the control group.

A meta-analysis of 50 studies which involved 534,906 
individuals, the objective of which was to see the effect of a 
Mediterranean diet on metabolic syndrome (MS) as well as 
its components, shows the adherence to the Mediterranean 
diet was associated with a protective effect in 2 out of 2 clini-
cal trials, in 2 out of 4 cross-sectional studies, and 1 out of 2 
prospective studies, as compared with lower compliance 
with this pattern or with a control diet. The combined effect 
of both clinical trials and prospective studies was highly pro-
tective (log-hazard ratio: _0.69, 95% CI: _1.24–_1.16) [10].

 DASH

The DASH (Dietary Approaches to Stop Hypertension) 
study was a multicenter, randomized, controlled trial that 
sets out to test the effects of dietary patterns rather than spe-
cific nutrients on blood pressure [11]. Compared to a typical 
control diet in the United States, the DASH diet was effective 
in reducing systolic and diastolic blood pressure by 5.0 and 
3.0  mmHg, respectively, in a 2-month period, and when 
combined with reducing sodium, there was an additional 
drop in blood pressure. These changes were observed in 
men, women, racial and ethnic minorities, hypertensives, 
and pre-hypertensive individuals [11, 12]. Since its original 
publication, due to consistent evidence, the DASH diet has 
been recommended in the treatment and prevention of 
hypertension.

The DASH diet emphasizes the consumption of foods 
rich in protein, fibers, potassium, magnesium, and calcium, 
such as fruits and vegetables, legumes, oilseeds, whole 
grains, and low-fat dairy products. It also limits foods rich in 
saturated fat and sugars [1, 5]. Since the creation of the 
DASH diet 20 years ago, numerous trials have shown that it 

consistently reduces blood pressure in patients with hyper-
tension and pre-hypertension. These observed benefits on 
blood pressure have been associated with the high consump-
tion of potassium, magnesium, and calcium, as well as of 
proteins and fibers which are present in accordance with the 
respective food standard [13, 14].

DASH presents specific characteristics, such as it includes 
sodium of around 2000 mg and calcium of 1200 mg, is rich 
in potassium (more than 4700 mg) and in fibers (20–30 g), 
and includes red meat of only around 90 g. The sum of all 
fats is limited to 30% of the total caloric value, and of these, 
monounsaturated fat has the highest percentage (15%) [13, 
14]. Table  45.1 lists guidelines on how to recommend a 
DASH-style diet.

The focus of this diet is not on reducing the caloric intake 
but rather on making healthier food choices that lead to bet-
ter blood pressure levels and lower cardiovascular risk. 
However, weight loss can be observed in individuals who 
adhere to this food pattern, as a consequence of substituting 
foods previously consumed with healthier ones and which 
have a lower energy content [14, 15].

The DASH food standard represents an accessible inter-
vention that could immediately lead to considerable improve-
ments in the health of the population.12. Erlinger et  al. 
suggested that if subjects with hypertension fully adhered to 
DASH, it is estimated that 400,000 cardiovascular disease 
events in the United States could be prevented in 10 years 
[16], which makes it essential to continue efforts to improve 
adherence to the DASH diet.

 Low-Carb Diet

Another diet pattern widely studied and stimulated by the 
American Association of Clinical Endocrinologists’ Medical 

Table 45.1 Recommendations of adhering to the DASH diet

Choose foods with reduced cholesterol, saturated fat, total fat. Prefer 
lean meats (muscle, duck, rump, tenderloin, eye of round, soft and 
hard top round), skinned poultry, and fish
Eat 8–10 servings of fruits and vegetables a day (1 serving = 1 
medium ladle)
Include 2–3 servings of skimmed or semi-skimmed dairy products 
per day
Prefer whole-meal foods (breads, pastas, cereals, wheat)
Include 4–6 servings per week of oleaginous fruit, seeds, and grains 
(1 serving = 1/3 cup nuts, 2 tablespoons seed, ½ cup cooked and 
dried beans)
Use light margarines and unsaturated vegetable oils (olive oil, soy, 
corn, canola), and reduce the addition of fats
Avoid adding salt to foods, and also avoid processed products, 
ready-made sauces, and stock
Avoid consuming conserves and sugary drinks

Source: www.nhlbi.nih.gov/health/public/heart/hbp/dash/new_dash.
pdf16
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Guidelines for Clinical Practice, 2016 [17], is low- 
carbohydrate diet, especially as it is known that obesity rep-
resents one of the risk factors of CVD. Currently, the Dietary 
Reference Intakes (DRIs) already recommend a consumption 
of 45% of carbohydrates (CHO), when previously the maxi-
mum recommended was 55%. Diets with 20–130 g of CHO 
[18] or below 45% are referred to as low CHO content. What 
are the possible beneficial effects of these diets? These are 
improved glycemic and lipid status with lower production of 
VLDL cholesterol, minimized cardiometabolic factors, 
greater effect on satiety, and greater long-term benefit as to 
lowering the percentage of body fat [17]. Total cholesterol 
levels may also decline, since glucose is still the major stim-
ulator of hydroxy-methylglutaryl-coenzyme A reductase. 
Thus, in terms of the metabolic profile, this is quite interest-
ing and plausible. Ketogenic diets also fit within this line. 
However, every ketogenic diet is low in carbohydrates, but 
not every low carbohydrate diet is ketogenic. Since keto-
genic diets are very restricted in CHO, they can lead to a lack 
of fibers and micronutrients, since on average they offer less 
than 50 g CHO/day [18].

The effect of insulin sensitivity was analyzed. With a 
carbohydrate- rich diet, a protein-rich diet, and an unsatu-
rated fat-rich diet, they found that an improvement in insulin 
sensitivity could be seen when carbohydrate is partially 
replaced with unsaturated fat in a sample which had a risk for 
cardiovascular problems. This was a randomized, controlled, 
three-period, crossover feeding study involving 164 individ-
uals with pre-hypertension [19].

Another study evaluated after weight loss interventions 
how intrapericardial fat and extrapericardial fat were 
changed. Dietary regimens were undertaken and compared 
with a Mediterranean/low-carbohydrate diet plus 28  g 
walnuts/d with a diet that was calorically equal but low-fat. 
This was a randomized study with 80 individuals who had 
moderate abdominal obesity and who were monitored for 
18 months. The researchers concluded that the Mediterranean 
diet, rich in unsaturated fats and restricted in carbohydrates, 
is significantly superior to a low-fat diet in terms of reducing 
intrapericardial fat [20].

A randomized trial was conducted to evaluate low- and 
high-carbohydrate diets in 115 obese adults with type 2 dia-
betes who were outpatients. They were randomly assigned to 
consume either a hypocaloric LC diet, 14% of energy as car-
bohydrate (carbohydrate, 28% of energy as protein, and 58% 
of energy as fat), or an energy-matched HC diet, 53% of 
energy as carbohydrate, 17% of energy as protein, and 30% 
of energy as fat combined with supervised aerobic and resis-
tance exercise, 60 min 3 d/wk. They found that a low diet 
compared with the one with a higher content of carbohy-
drates led to an improvement in glycemia and lipemia and 
better control in patients who took medication [21].

The Prospective Urban Rural Epidemiology (PURE) study 
[22] was a cohort study published in August, 2017, which was 
conducted in 18 countries with a median follow- up of 7.4 years. 
The authors researched a possible relationship between macro-
nutrients and cardiovascular disease. The food frequency ques-
tionnaires, validated, were applied to 135,335 participants. 
Higher carbohydrate intake was associated with an increased 
risk of total mortality (highest [quintile 5] vs. lowest quintile 
[quintile 1] category, HR 1.28 [95% CI 1.12–1.46], 
ptrend = 0.0001) but not with the risk of cardiovascular disease 
or cardiovascular disease mortality. On the other hand, a lower 
risk of total mortality, non- cardiovascular disease mortality, and 
stroke was associated with a higher fat intake.

These findings can be analyzed, taking into consideration 
the following authors’ statements: “Moreover, in our study 
most participants from low-income and middle-income 
countries consumed a very high carbohydrate diet (at least 
60% of energy), especially from refined sources (such as 
white rice and white bread), which have been shown to be 
associated with an increased risk of total mortality and car-
diovascular events in other studies” [22].

 Vegetarian Diet

Vegetarian diets advocate the consumption of foods of veg-
etable origin, such as fruits, vegetables, grains, and legumes, 
excluding meats; and some include dairy products and eggs 
[23]. Table 45.2 shows the different types of vegetarian diets 
and their characteristics.

There is strong evidence in the literature of the benefits of 
the vegetarian diet on the risk of cardiovascular disease and 
mortality from coronary heart disease. Studies have shown 
that the blood pressure of vegetarians is lower (between 
5 mmHg and 10 mmHg) than omnivores and that vegetarians 
have a lower prevalence of arterial hypertension, even when 
the body mass index is similar [24, 25]. Mortality due to 
ischemic heart disease in vegetarians was 24% lower when 
compared to omnivores [26]. Vegetarian diets are also said to 
be able to reduce secondary stenosis and atheroma plaques in 
the coronary arteries [27, 28].

Table 45.2 Types of vegetarian diet

Groups Characteristics
Ovo-lacto 
vegetarian

Does not eat meat, but does eat eggs and dairy 
products

Lactovegetarian Eats neither meat, nor eggs, but does eat dairy 
products

Ovovegetarian Eats neither meat nor milk nor dairy products, 
but does eat eggs

Strict vegetarian Does not eat any food derived from animals 
(eggs, meat, dairy products, honey, etc.)
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In general, studies analyzing the impact of diet plans with 
controlled consumption of red meat indicated that vegetari-
ans have a better cardiovascular profile than omnivores, 
lower levels of total cholesterol and LDL (lipoprotein very 
low density) cholesterol, and lower incidence of hyperten-
sion and of diabetes mellitus. [23–25, 29–31] The lower car-
diovascular risk among vegetarians could be explained in 
part by the occurrence of lower cholesterol levels in these 
individuals, which is probably secondary to the greater con-
sumption of soluble and insoluble fibers, whole grains, fruits 
and vegetables, or oilseeds and lower consumption of satu-
rated fat. [26, 28–33]

 Quality of Fats

Above we discussed why there was an increase in cholesterol 
with high-carbohydrate diets, and other articles have shown 
this association and an increase in triglycerides, apolipopro-
tein B, and small dense LDL, which represent very athero-
genic particles [34, 35].

The authors used a multivariate analysis to compare the 
equivalent amount of energy from carbohydrates (excluding 
fruit and vegetables) and dairy fat intake in a study entitled 
“Dairy fat and risk of cardiovascular disease in 3 cohorts of 
US adults.” The results showed that this was not significantly 
related to the risk of total CVD in this association, but the 
increase of 5% in energy from dairy fat showed the RR was 
1.02 (95% CI, 0.98–1.05), coronary heart disease (RR, 1.03; 
95% CI, 0.98–1.09), or stroke (RR, 0.99; 95% CI, 0.93–1.05) 
(p > 0.05 for all findings). Reduced risk of CVD could be 
observed, when animal fats, including dairy fat, were 
replaced with fats and PUFAs from vegetable sources [36].

The quality of fat is important and was analyzed in a 
review study, in which the authors concluded that it is better 
to replace saturated fat with unsaturated fats [37]. In this 
study, they did not report on monounsaturated fat, since there 
was only one small trial, but there is a tendency, because of 
the adoption of the Mediterranean pattern, to encourage 
replacing saturated fat with monounsaturated fat [37].

The overestimation that was accepted by many health 
professionals that it was good to replace saturated fat with 
vegetable oils rich in linoleic was investigated in a Minnesota 
Coronary Experiment. The findings showed that it is not 
healthy because omega 6 stimulates oxidation more, thereby 
favoring peroxidation [38, 39]. Diseases including coronary 
heart disease [40] and steatohepatitis [41] can be produced 
from oxidation. This study was a double-blind randomized 
controlled trial, had 5 years of follow-up, and involved 9423 
women and men aged 20–97 [42]. However, fat that is rich in 
fatty acids of the alpha-linolenic type, which omega 3 of the 
vegetal kingdom represents, is present in foods such as nuts, 
peanuts, avocado, and seeds, i.e., vegetal foods. This gives 

the alpha-linolenic fatty acid the ability to stretch in the same 
way as the omega 3 of the animal kingdom and to stimulate 
the production of vasodilatory substances, thus conferring 
greater endothelial protection [42].

On the other hand, coconut fat so extolled by the media to 
date has not been advocated by entities such as the American 
Diabetes Association and the American Heart Association as 
beneficial to health for regular use or as a cardiovascular pro-
tector. However, several foods have been imputed as cardio-
vascular protectors, such as chocolate, chestnuts, garlic, and 
onions.

Chocolate was evaluated on the association of the risk of 
developing cardiometabolic disorders. It is important to say 
that all of the studies reported overall chocolate consumption 
and did not report separately on whether dark or white choc-
olate was consumed. There was only one study on the con-
sumption of cocoa. In this meta-analysis of randomized 
controlled trials and observational studies, the results of five 
of the seven studies showed that consumption of chocolate at 
the highest levels was associated with a 37% reduction in 
cardiovascular disease (RR, 0.63; 95% CI, 0.44–0.90) and a 
29% reduction in stroke compared with the lowest levels. 
Thus, association between higher levels of chocolate con-
sumption and the risk of cardiometabolic disorders was rep-
resented [43].

The effect of reasonable intakes of cashews (28–64 g/d) 
on serum lipids in adults with or at risk of high LDL choles-
terol was researched, and it was concluded that the consump-
tion of cashews decreases total cholesterol and LDL 
cholesterol in American diets [44].

Scientists analyzed the vasodilatory and anti-aggregating 
action of garlic and onions as they are interested in the poten-
tial of organosulfur compounds for preventing and treating 
cardiovascular disease and other health problems. Allicin, 
which represents the main active substance, has been 
detected in significant amounts in the serum or urine up to 
24 hours after the ingestion of 25 g of raw garlic [45, 46].

 Micronutrients and Cardiovascular Health

Some micronutrients play an important role in cardiovascu-
lar health and continue to be studied, thereby seeking to open 
up new avenues for preventing and treating pathological con-
ditions associated with the heart.

Vitamins C, E, and β-carotene have an antioxidant role in 
the body and therefore contribute by reducing the oxidation 
of LDL cholesterol particles, thus preventing the formation 
and/or expansion of atheroma plaque. Therefore, food 
sources of these nutrients must be present in the dietary plan 
that targets cardiovascular health, such as red grapes, red 
wine, teas (especially green tea), chocolate, and olive oil 
[47–49].
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Adequate levels of folate and vitamins B6 and B12 should 
be targeted and monitored. These vitamins are associated 
with reducing mortality from heart failure and stroke, due to 
the inverse relationship between their levels and the serum 
concentrations of homocysteine [50].

In some studies, low serum vitamin D levels were associ-
ated with a higher incidence of systemic arterial  hypertension 
(SAH). However, in studies with supplementation of this 
vitamin, no BP reduction was observed, and a recommenda-
tion of this vitamin in cardiovascular diseases has yet to be 
established [51, 52].

Magnesium has the function of relaxing the smooth mus-
cle system of cardiac vessels, dilates the coronary arteries, 
improves myocardial contractility, reduces the risk of coro-
nary spasms, and inhibits platelet aggregation, thereby 
increasing the prostacyclin/thromboxane ratio. As it has a 
dilating effect, it lowers blood pressure. Its function is to sta-
bilize the heart rate, thus playing an important role in cardio-
vascular diseases [53].

 Conclusion

Despite all the scientific knowledge about the science of 
nutrition, lifestyle change is still a challenge for the entire 
multidisciplinary team. Yet despite all the difficulty in chang-
ing lifestyle, the healthy food pattern that dietitians recom-
mend still plays an important and irreplaceable full role in 
preventing and treating CVD.
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Nutrition Supplements in Sports

Fábio Moura, Felipe Gaia Duarte, Ricardo Oliveira, 
Roberto Zagury, and Yuri Galeno

In recent years, consumption of sports supplements has been 
growing among professional and amateur athletes and also 
among gym practitioners aiming to improve physical perfor-
mance or esthetical appearance. Many patients obtain infor-
mation about the usage of these supplements with colleagues, 
Internet pages, or even supplements store salesmen, so the 
information about the benefits, dosage, timing, and contrain-
dication are not always correct, leading to the waste of much 
money or potential side effects.

When visiting a supplements store, or even when navigat-
ing on the Internet, an enormous variety of supplements can 
be found; however, many of them lack studies to prove their 
efficacy.

There are some well-recognized societies studying and 
publishing reviews and statements regarding which supple-
ments have proven benefits and how to use them. In this 
chapter, the main supplements with the highest degree of evi-
dence will be discussed.

 Carbohydrates

Supplements based on carbohydrates (CH) can be prescribed 
when the number of calories needed during the day cannot 
be obtained by food, especially when previously assessed by 
a nutritionist. This situation can occur more often in heavy 
athletes or in athletes who spend many hours training, par-
ticularly when training sessions are greater than 60–90 min-
utes [1–3]. Prescribing CH in the correct amount and timing, 
adjusted to the effort accomplished, is fundamental to avoid 
performance decline that occurs when body glycogen con-
tent is depleted.

It is important to mention that physical activities lasting 
less than 1 hour will not benefit with CH supplementation 
once muscle and hepatic glycogen reserves are enough to 
provide energy during this period, and in the same way, low- 
intensity activities will also have no benefits from CH sup-
plementation once the main energetic substrate consumed in 
this intensity is fat [3].

The main activities that could benefit from CH supple-
mentation would be aerobic (endurance sports as cycling, 
running, swimming, etc.) and mixed modalities (stop-and-go 
sports such as basketball, volleyball, soccer, etc.). In this for-
mer modality, both aerobic and anaerobic efforts are per-
formed. Besides performance improvement, supporting 
energetic demands with CH supplementation may prevent 
overtraining syndrome [4]. Conversely, providing excessive 
amount of CH may induce weight (fat) gain, leading to per-
formance impairment in some sports (e.g., cycling). 
Therefore, we endorse the American College of Sports 
Medicine (ACSM) recommendation regarding the amount of 
CH to be prescribed to athletes (Table 46.1). In this recom-
mendation, references to “chronic fueling” and “acute fuel-
ing” are described. Chronic ingestion of CH consists of the 
amount offered daily in order to supply training and basal 
caloric needs, whereas acute fueling is the amount prescribed 
close to competitions intending to replenish energy stores to 
maximum before competing to promote optimal perfor-
mance during competition or key training sessions.
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Moreover, CH may be provided during long-lasting ses-
sions. With this objective, a rate of 1.3–2.4 grams per minute 
of CH can be offered after the first hour. Glucose and fruc-
tose blends (or maltodextrin and fructose) in 1.0 g and 0.5–
1.0 g proportions, respectively, in a gel form are usually used 
with this goal. The purpose for using different kinds of sug-
ars is to utilize the different mechanisms of CH transport 
existing in the digestive tract without saturating any of them 
(e.g., SGLT-1 and SGLT-8 and SGLT-12 absorption path-
ways) [5]. However, despite making sense (biological plausi-
bility), there isn’t any good evidence in the literature to 
support this strategy. Increase of CH oxidation rate is 
observed; however, performance improvement isn’t so evi-
dent. Therefore, the ACSM grades this recommendation as 
level III of evidence, in other words, with limited scientific 
evidence support [6]. It is worthy to mention that a “celling 
effect” may happen, concerning the maximum amount of 
CH that our organism can metabolize per hour in a safe way 
to promote performance improvement. In an interesting 
study published by Smith J.W. and colleagues [7], reduction 
in competition time (performance improvement) occurred 
with CH ingestion rate up to 72 g per hour. Higher dosages 
did not demonstrate any benefit in time to trial 
competitions.

Today, a series of options exist in the market of 
carbohydrate- enriched supplements in the form of gels, sport 
drinks, liquid meals, and carbohydrate bars (Table 46.2) [1]. 
In this chapter, the most used forms in the clinical setting 
will be discussed: gels and carbohydrate powders for recon-
stitution in water (sport drink powders).

Some glucose polymers present in the supplement market 
deserve some comment: maltodextrin, dextrose, and iso-
maltulose. These molecules have a moderately high glyce-
mic index and may be utilized in a rational fashion depending 
on the goal [8–10]. Due to the highest glycemic index, dex-
trose can be used at the end of longer workouts with the aim 
of replenishing the muscle glycogen content faster. 
Conversely, isomaltulose, the molecule with the lowest gly-
cemic index, could be used before training sessions in order 

to maintain glycemic levels during practice, since its glyce-
mic index would not lead to an intense insulinemic response 
compared to maltodextrin and dextrose. In turn, maltodex-
trin, with an intermediate glycemic index, could be ingested 
during training sessions for delivering energy during the 
practice. However, it is very important to emphasize that 
these suggestions of use have no solid literature support, and 
it is possible that any of these polymers could be used in any 
of the situations mentioned [11, 12].

 Whey Protein

Whey protein (WP) is a protein complex derived from cow 
milk extracted during cheese production after casein precipi-
tation [13, 14]. WP possesses a great amount of essential 
amino acids and leucine that exerts an important stimulus for 
muscle protein synthesis. Due to these characteristics, 
WP-derived sport supplements are among the most con-
sumed by professional and amateur athletes who desire mus-
cle hypertrophy [14, 15]. According to the Australian 
Institute of Sports Medicine, WP supplements are catego-
rized as group A: safe, ethical, and effective [16]. However, 
it is worthy to mention that WP has other components with 
different biologic functions, such as immunity and glycemic 
improvement, as shown in Table 46.3.

Comparing to other protein sources, as main differential, 
WP presents excellent digestibility and fast absorption 
resulting in a fast surge of amino acids in plasma after inges-
tion. This property could have practical implications on the 
ideal timing of its ingestion, since, considering this rational, 
WP should be consumed immediately before or after the 
training session. However, there is no consensus regarding 
this approach, and there are meta-analyses suggesting that an 
adequate daily ingestion (an adequate protein amount) is the 
most relevant factor for muscle hypertrophy [17].

There are different WP presentations: concentrate, iso-
late, and hydrolyzed [13, 14] (Table 46.4).

As previously mentioned, WP main indication is to com-
plete the daily protein quota and, together with exercises, to 
assist muscle hypertrophy. Classically, the maximum 

Table 46.1 American College of Sports Medicine recommendation 
for carbohydrate supplementation

Exercise intensity Definition Amount of CH
Chronic fueling
Light Endurance: < 1 h per day 3–5 g/kg/day
Moderate Endurance: 1 h per day 5–7 g/kg/day
High Endurance: 1–3 h per day 6–10 g/kg/day
Very high Endurance: > 4–5 h per day 8–12 g/kg/day
Acute fueling
Pre-event: 1–4 g/kg/1–4 h before sessions lasting more than 
60 minutes

Based on data from ACSM. Med Sci Sports & Exerc 2016;48 (3):543–
68 [5]

Table 46.2 Sports supplements based on carbohydrates (CH)

Supplements Presentation Typical composition
Sports drink Liquid or 

powder (ready to 
drink)

Glucose, fructose, sucrose, and/or 
maltodextrin blends. Carbohydrate 
solution of 4–8%

Sports gel Sachets, 30–40 g 
each

CH concentration in the solution of 
60–70%. May contain, or not, other 
ingredients (e.g., caffeine or 
electrolytes)

Based on data from Castell LM et al. Br J Sports Med 2010:44;486–
70 [1]
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absorbed amount of WP per ingestion is 20–40 g depending 
on patient age (older patients demand higher amounts of pro-
teins per dose); however, there are studies suggesting that the 
higher dose could better stimulate protein synthesis and 
result in greater muscle gains regardless of age [18].

WP use by endurance athletes has been of great interest 
with new evidence suggesting a lower occurrence of muscle 
injury and a faster recovery after training sessions, a fact 
shown by lower elevation of CPK serum levels and faster 
return to basal levels [19, 20]. Such actions indirectly con-
tribute to improvement on athletic performance. However, 
elite athletes who need to cut weight, with muscle mass 
maintenance, also seem to benefit from the increase in the 
protein quota with the use of WP supplements [21].

Finally, WP is safe and can be used by teenagers and the 
elderly. The only restrictions for protein use in higher 
amounts per day are in patients with renal disease with pro-
teinuria and in patients with moderate to severe hepatic fail-
ure. There are reports of increased incidence of acne, though 
this is not a severe side effect.

 Creatine

Creatine is one of the most popular nutritional ergogenic aids 
for athletes. Numerous studies have shown that creatine sup-
plementation increases intramuscular creatine concentra-
tions, can improve exercise performance, and/or improves 
training adaptations. Creatine is a naturally occurring non- 
protein amino acid compound found primarily in red meat 
and seafood and found in skeletal muscle (~95%) with small 
amounts also found in the brain and testes (~5%). About 
two-thirds of intramuscular creatine is phosphocreatine 
(PCr), with the remaining being free creatine. The body 
needs to replenish about 1–3 g of creatine per day to main-
tain normal creatine stores depending on muscle mass. About 
half of the daily need for creatine can be obtained from the 
diet [22].

The primary metabolic role of creatine is to combine with 
a phosphoryl group (Pi) to form PCr through the enzymatic 
reaction of creatine kinase (CK). As adenosine triphosphate 
(ATP) is degraded into adenosine diphosphate (ADP) and Pi 
to provide free energy for metabolic activity, the free energy 
released from the hydrolysis of PCr into Cr + Pi can be used 
as a buffer to resynthesize ATP.  This helps maintain ATP 
availability, particularly during maximal effort anaerobic 
sprint-type exercise [23].

A large body of evidence now indicates that creatine sup-
plementation increases muscle availability of creatine and 
PCr and can therefore enhance acute exercise capacity and 
training adaptations, which allow an athlete to do more work 
over a series of sets or sprints leading to greater gains in 
strength, muscle mass, and/or performance due to an 
improvement in the quality of training [22].

Creatine supplementation has primarily been recom-
mended as an ergogenic aid for power/strength athletes in 
order to optimize training adaptations or help athletes 
who need to sprint intermittently and recover during com-
petition (e.g., soccer, basketball, American football, ten-
nis, etc.). After creatine loading, performance of 
high-intensity and/or repetitive exercise can be increased 
by 10–20% depending on the magnitude of increase in 
muscle PCr [24].

After reviewing the scientific and medical literature in 
this area, the International Society of Sports Nutrition con-
cludes creatinine supplementation is an effective method of 
increasing muscle creatine stores. The recommended scheme 
is to consume ~0.3  g/kg/day of creatine monohydrate for 
5–7 days followed by 3–5 g/day thereafter to maintain ele-
vated stores. Likewise, ingesting smaller amounts of creatine 
monohydrate (e.g., 3–5 g/day) will increase muscle creatine 
stores over a 3–4-week period; however, the initial perfor-
mance effects of this method of supplementation are less 
supported [25].

Table 46.3 Whey protein: components and function

Components
Percentage 
(%) Actions//benefits

Beta-Lactoglobulin 50–55 Good source of EAA and 
BCAA; inhibition of DPP-4

Alfa lactoglobulin 20–25 Good source of EAA and 
BCAA

Immunoglobulins 10–15 Immunomodulatory action
Lactoferrin 1–2 Bactericidal action

Prebiotic action
Lactoperoxidase 0.5–1.0 Inhibition of bacterial growth
Bovine serum 
albumin

5–10 Good source of EAA

Glycomacropeptide 10–15 Good source of EAA
Cysteine 0.5–1.0 Increases glutathione 

(antioxidant) levels

Based on data from: Marshal K.  Therapeutic Applications of Whey 
Protein. 2004 [13]
EAA essential amino acids, BCAA branched chained aminoacids, DPP- 
4 dipeptidyl peptidase 4

Table 46.4 Different presentations of whey protein

Amount of 
protein 
(%) Characteristics

WP 
concentrate

< 90 Varying amount of proteins and other 
bioactive agents, lactose, carbohydrates, 
and fats

WP isolate > 90 Greater amount of proteins and removal 
of almost all carbohydrates and fats

WP 
hydrolyzed

> 90 Same as isolate, and proteins are already 
partially pre-digested and hydrolyzed 
aiming faster absorption. Lower risk of 
allergies and almost always are 
lactose-free
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 Beta-Hydroxy-Beta-Methylbutyrate (HMB)

HMB is naturally produced in humans from leucine. The first 
step in its production is the reversible transamination of leu-
cine to α-ketoisocaproate (KIC) by the enzyme branched- 
chain amino acid transferase. After leucine is metabolized to 
KIC, KIC is metabolized either into isovaleryl-CoA by the 
enzymeα-ketoacid dehydrogenase in the mitochondria or 
into HMB in the cytosol by the enzymeα-ketoisocaproate 
dioxygenase. KIC is primarily metabolized into isovaleryl- 
CoA, with only approximately 5% of leucine being con-
verted into HMB [26].

That is the reason why an individual would need to con-
sume over 600 g of high-quality protein to obtain the amount 
of leucine (60 grams) necessary to produce the typical 3 g 
daily dosage of HMB used in human studies. Since con-
sumption of this amount of protein seems to be impractical, 
HMB intake is typically increased via oral supplementation. 
HMB has been shown to create a net positive balance of skel-
etal muscle protein turnover through stimulation of protein 
synthesis and reduction of protein degradation. HMB induces 
protein synthesis through upregulation of the mTOR path-
way, while HMB attenuates protein degradation through 
attenuation of the ubiquitin-proteasome pathway and cas-
pase activity. Further, HMB stimulates skeletal muscle satel-
lite cell activation and could increase skeletal muscle 
regenerative capacity [26].

Twenty years ago, supplementation with HMB was first 
demonstrated that it could lower muscle proteolysis follow-
ing resistance training and augmented gains in LBM and 
strength in a dose-dependent manner [27]. Since that time, 
HMB has been studied in a variety of anaerobic and aerobic 
training conditions, and innumerous studies have supported 
the efficacy of HMB supplementation for enhancing recov-
ery, LBM, strength, and power. Its efficacy for aerobic per-
formance is controversial with conflicting results.

In 2013, the International Society of Sports Nutrition 
published a position stand to analyze the existing literature 
on HMB supplementation and provided the following rec-
ommendations [28]:

HMB can be used to enhance recovery by attenuating 
exercise-induced skeletal muscle damage in trained and 
untrained populations.

• If consuming HMB, an individual will benefit from con-
suming the supplement in close proximity to their 
workout.

• HMB appears to be most effective when consumed for 
2 weeks prior to an exercise bout.

• A dosage of 3 g per day has been demonstrated to enhance 
skeletal muscle hypertrophy, strength, and power in 
untrained and trained populations when the appropriate 
exercise prescription is utilized.

• Currently, two forms of HMB have been used: calcium 
HMB (HMB-Ca) and a free acid form of HMB (HMB- FA). 
HMB-FA may increase plasma absorption and retention 
of HMB to a greater extent than HMB-CA.  However, 
more data is warranted to prove superiority of one over 
another [29].

• HMB has been demonstrated to increase LBM and func-
tionality in elderly, sedentary populations.

• HMB ingestion in conjunction with a structured exercise 
program may result in greater declines in fat mass (FM).

• Chronic consumption of HMB appears to be safe in both 
young and old populations [28].

 Caffeine

Caffeine is a trimethylxanthine metabolized by the liver 
resulting in three metabolites: paraxanthine, theophylline, 
and theobromine. After its consumption, caffeine appears in 
the blood stream after 15–45 minutes and reaches peak level 
after 1  hour. Caffeine has a half-life of 3–6  hours being 
excreted by the kidneys. Due to its biochemical characteris-
tics, caffeine crosses the blood-brain barrier, easily possess-
ing pharmacological effects on the central nervous system 
(SNS).

There are many mechanisms for explaining performance 
improvement induced by caffeine; however, the most rele-
vant is the binding to adenosine receptors on SNS in a com-
petitive way, acting as a blocker of this receptor. Since 
adenosine is a natural SNS depressor, its blockade increases 
alertness.

It is believed that most of the caffeine ergogenic effects 
are due to its action on the neural level, although it can also 
act on the muscle level. Caffeine also acts on reducing glyco-
gen dependency during physical activities, increasing free fat 
acids mobilization and consumption. Additionally, it 
increases beta endorphins secretion leading to a decrease in 
pain perception and also acts on muscle function optimizing 
contraction due to a direct action on myocytes. Caffeine also 
possesses inotropic, tachycardic, and bronchodilator effects 
and stimulates gastric secretion. In larger doses, it causes 
excitement, anxiety, and insomnia, and in regular consumers, 
it may develop tolerance with the need to increase consump-
tion to obtain the initial effects. Use discontinuation may 
produce a withdrawal syndrome with headache, irritability, 
and lethargy [30].

Caffeine has been shown efficient on improving perfor-
mance in both amateur and professional athletes. This per-
formance improvement occurs in endurance (e.g., 
long-running races) and in high-intensity and short-duration 
sports (such as 100-meter run or swimming); however, in 
these high-intensity sports, caffeine was shown to be effec-
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tive only in highly trained athletes, probably due to the great 
variability of performance in poorly trained athletes.

Due to its property of raising SNC alertness and surveil-
lance, it’s useful in long-term sports during the night period 
as in orienteering and adventure races. In relation to anaero-
bic exercises (e.g., bodybuilding), literature results are con-
flicting, with some researches demonstrating performance 
improvement and others not. Athletes who practice “stop- 
and- go” (e.g., soccer, basketball, etc.) can also obtain perfor-
mance improvement.

The effective dose to achieve these performance gains 
varies between 3 and 6 mg/kg preferably consumed 1 hour 
before the activity. Anhydrous caffeine was demonstrated to 
be more effective ingested in capsules than consuming regu-
lar coffee with the same amount of caffeine. In this condi-
tion, a performance gain of around 3–24% was observed 
against placebo. These benefits were observed in both men 
and women, independent even if they were regular consum-
ers of coffee [31].

 Buffering Agents

During intense physical practice, modifications in blood and 
muscle acid-base balance occur, causing metabolic acidosis 
with H+ and lactic acid accumulation. This situation is asso-
ciated with increased fatigue, muscle burn, cramps, and loss 
of physical performance [32]. In muscle cells, excessive H+ 
molecules would compete with Ca+ for the binding site on C 
troponin. Another electrolyte alteration is regarding reduc-
tion of muscle K+, leading to decrease of resting membrane 
potential (also on the muscle motor plaque) that would cause 
an impairment of muscle excitability. Either situations lead 
to reduced muscle contraction and prolonged relaxing time 
culminating with reduced performance. Prescription of buff-
ering supplements has the objective of inducing alkalosis 
and mitigating electrolyte alterations to enhance athletic per-
formance. This initiative has been a target of studies since 
the mid-1970s. Two substances have been proven to enhance 
athletic performance: sodium bicarbonate and beta alanine.

 Sodium Bicarbonate (NaHCO3)

This supplement has been considered the most consistently 
effective buffering agent for enhancing athletic performance 
along studies, resulting in 2–3% improvement in some exer-
cise indicators, such as power, speed, work capacity, and 
time to failure [33–35]. NaHCO3 supplementation may be 
suggested for athletes performing high-intensity exercises. 
The dosage of 0.3 g·kg − 1 of NaHCO3 diluted in water or in 
capsules should be taken 1–3 hours prior practice. The most 
common side effects are gastrointestinal disturbances. Since 

a high amount of sodium is provided by this supplement (6 g 
of sodium for a 70 kg athlete), arterial blood pressure must 
be assessed [33, 36].

 Beta Alanine

Beta alanine (BA) is an amino acid produced in the liver or 
obtained from food from meat and poultry. This amino acid 
is combined with L-histidine to form a dipeptide called car-
nosine (CA-β-alanyl-L-histidine) that is stored in muscles. 
Once carnosinase, an enzyme that breaks CA, is present in 
serum and in several tissues, except muscles, oral replace-
ment of CA is an ineffective method for augmenting its level 
in humans.

CA acts as an intracellular proton buffer [37] and as an 
antioxidant, reducing free radicals and oxidative stress [38]. 
Previous studies demonstrated that its absence resulted in 
more rapid fatigue and acidosis [37], and some studies sug-
gested that CA is even more effective at sequestering protons 
than bicarbonate [39, 40].

BA is considered the rate-limiting precursor for CA syn-
thesis. BA supplementation of 4–6 g daily, divided in four 
equal doses along the day during 4 weeks, can increase mus-
cle CA content by 40–60% and may improve athletic perfor-
mance during high-intensity exercise. This supplement is 
recommended mainly for physical activities lasting 240 sec-
onds; however, some studies assessed its use in practices up 
to 25 minutes showing benefits for competitive athletes. Data 
are still needed to support recommendation for activities 
over 25 minutes. Finally, BA is considered a safe supplement 
in healthy individuals at recommended doses [41].
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