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Preface

“Pseudo-endocrine patient” is a term that can be applied to
many different types of patients that we see in our practices
every day. They are those who believe they have an endocrine
or metabolic disorder, despite previous normal testing,
because of the misleading information they have gotten from
a health-care provider, a personal trainer, a friend, a book, or
the Internet. They may even have been given a diagnosis of a
disorder that has not been scientifically proven to exist. They
are those who may have true endocrine disorders but con-
tinue to have symptoms despite adequate treatment and
normal on-treatment tests. They are patients who have been
treated with excessive hormone doses or unproven and even
dangerous treatments. They also include those whose condi-
tions have been incorrectly diagnosed by lab testing interfer-
ence or other assay issues.

We have all seen these types of patients. Many of us are
trained in traditional medicine and practice evidence-based
medicine, whenever there is evidence available. And we have
very good tests and treatments for many of the maladies our
patients suffer from. Yet we all see patients that have conditions
or complaints, as described above, that challenge our ability to
find evidence-based diagnostic tools and/or evidence-based
treatments. We all deal with these patients and these situations
in our own self-taught ways because there has been little or no
organized effort to provide education during fellowship or
thereafter regarding the best ways to evaluate and deliver good
care to these patients. We would all like to do better.

The purpose of this book is to initiate an ongoing dialog
about these issues and to begin to develop a framework for
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viii Preface

training, research, expert opinion, and eventually evidence-
based guidelines to assist providers in dealing with this
very important aspect of their practices. | have asked expe-
rienced colleagues from around the country, in academic
institutions and in private practice, to contribute chapters
describing, in case-based formats, their approaches and
opinions regarding the optimal evaluation and manage-
ment of patients with “pseudo-endocrine” disorders.

I did not attempt to suggest or encourage the authors to
adopt any specific point of view. I asked them to write about
the pseudo-endocrine disorders they most commonly see
and that they think are the most important for us to recog-
nize and discuss. Because some authors felt very strongly
that they wanted to write about certain topics, you will see
that there is some overlap among chapter titles and content.
Rather than being repetitious, I found their various points
of view on these topics to be interesting and enriching.

As you will see, these seasoned professionals vary signifi-
cantly in their philosophies and opinions about the optimal
evaluation and management strategies for these patients.
Some believe in a straightforward scientific and evidence-
based approach that emphasizes the robustness of our cur-
rent testing paradigms and the safety and effectiveness of the
currently available FDA-approved treatment modalities.
Others prefer a modified approach that utilizes both evidence-
based diagnostic and treatment recommendations and vari-
able degrees of alternative medicine strategies in areas where
no solid evidence base exists. All recommend honesty and
compassion.

I greatly appreciate the time and effort these colleagues
have devoted to their chapters and their dedication to
forge ahead to develop guidance in this challenging area of
endocrinology. I have learned a great deal by reading their
chapters, and I hope that all our readers will similarly
benefit.

Aurora, CO, USA Michael T. McDermott, MD
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Chapter 1

Pseudo-Endocrine
Disorders: Definitions,
Examples,

and Considerations

Michael T. McDermott

What Is a Pseudo-Endocrine Disorder?

The term “pseudo-endocrine” disorder does not yet have a
clear and distinct definition. The term could be used in refer-
ence to people who believe they have an endocrine or meta-
bolic disorder because of information they received from
another health care provider, a personal trainer, a family
member or a friend and, despite previously appropriate nor-
mal testing, they request further unwarranted testing of their
endocrine system or their hormones. It may apply to patients
who have read about endocrine disorders (real and unproven)
in books or on the Internet and may have even ordered hor-
mone or metabolic testing online. It also refers to those who
have been given “endocrine” diagnoses by providers based
on symptoms alone without validated hormone testing. It
can also be applied to patients who have true endocrine dis-
orders for which they are being treated but continue to have
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2 M. T. McDermott

symptoms despite appropriate therapy and normal on-treat-
ment tests. And it also refers to patients with endocrine or
metabolic conditions that were diagnosed correctly (or not)
by other providers and who are treated for these conditions
with excessive hormone doses or with unproven, inappropri-
ate, and even dangerous medications. Alternatively, an endo-
crine diagnosis may have erroneously been made as a result
of lab assay error due to supplements and other conditions
that adversely affect the accuracy of various tests.

In this introductory chapter, I will show multiple case
examples and patient emails that illustrate many of the issues
regarding pseudo-endocrine disorders that I have regularly
encountered throughout my many years in practice. Following
these, I offer some thoughts about the complexity of the
endocrine system and further considerations for the evalua-
tion and care of these patients. I do believe that our current
diagnostic tests provide a very good evaluation of the endo-
crine and metabolic milieu. However, I pose some honest
questions about whether our current diagnostic armamen-
tarium is sufficient to evaluate all aspects of our various
multi-layered systems of hormone synthesis, secretion, trans-
port, action, and feedback homeostasis.

My personal approach to the management of these issues
in individual patients will be the subject of the next chapter. In
the following chapter, I will address the more general issue of
rogue practitioners and practices, reproduce two letters I have
received from colleagues, and offer suggestions about what we
might do as a community of professionals to curb these uneth-
ical practices. The subsequent chapters by my esteemed col-
leagues will then describe and discuss multiple specific topics
and the authors’ individualized approaches to evaluation and
management of patients with these conditions.

Case Examples

Case 1

A 32-year-old woman has been experiencing fatigue, depres-
sion, and difficulty losing weight for 2 years. Thyroid tests that
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she ordered online have been normal except for a moderately
low reverse T3.

PMH: Negative Meds: Multiple supplements
PE:BP 122/84 P80 Ht56” Wt1721b.
Complete exam normal
Lab Report: TSH 1.2 mU/I (nl: 0.45-4.5)
Free T4 1.3 ng/dl (nl: 0.8-1.8)
Free T3 3.1 pg/ml (nl: 2.3-4.2)
Reverse T3 9 ng/dl (nl: 10-24)

She has read that thyroid tests don’t accurately evaluate
thyroid function. She requests more thorough thyroid testing
and treatment to raise her reverse T3.

Case 2

A 47-year-old woman has been experiencing fatigue for
about 15 years but complains of “total exhaustion” progres-
sively over the past year. She does not sleep well but does
not snore. Her appetite is poor. Mild weight gain (5 1b.) has
occurred in the past year. She cannot exercise due to severe
fatigue.

PMH: Mononucleosis at age 18 Meds: Occasional prescription
pain medication

PE:BP 128/70 P80 Ht5'8” Wt 157 Ib. (Orthostatic vitals
negative)

Complete exam normal

Lab:  Full-day salivary cortisol profile — diagnostic of “Adrenal
Fatigue”

She requests to be treated for Adrenal Fatigue for which
she says she has tested positive.
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Case 3

A 53-year-old man complains of muscle weakness, exercise
intolerance, fatigue, lack of motivation, increased need for
sleep, and difficulty concentrating for about 5 years, all fol-
lowing a motor vehicle accident with “whiplash injury.” He
read about post-traumatic hypopituitarism and has had
online tests done. Thyroid and adrenal tests were normal but
his growth hormone (GH) level was low and his Insulin-like
Growth Factor 1 (IGF-1) level was low normal.

PMH: GERD, Colon Polyps Meds: None

PE:BP 140/85 P76 Ht5'11” Wt 208 Ib.
Complete exam normal

Lab:  Growth Hormone 0.05 ng/ml (nl: 0.05-3.0)
IGF-1 82 ng/ml (nl: 60-220)

He requests treatment for Growth Hormone Deficiency.

Case 4

A 38-year-old woman is self-referred for hormone evalua-
tion because of chronic progressive fatigue. She began feel-
ing fatigued at age 28, about 1 year after the birth of her
second child. She also endorses hair loss, inability to lose
weight, and persistent “brain fog.” She has read extensively
on the Internet and is convinced that this is a hormone dis-
order and is adamant that this is not due to depression. She
has ordered some tests online (cycle day 4) and several are
abnormal.

PMH: Negative Meds: Vitamins
PE: BP129/74 P74 Ht57" Wt1581b. BMI 24.8 kg/m?

General: Normal Thyroid: Normal = Skin: Normal
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Tests from Online Orders (Cycle day 4, 10:00 AM):

TSH 2.1 mU/1 (nl: 0.45-4.5) Free T4 1.0 ng/dl (nl: 0.78-1.81)
Free T3 2.4 pg/ml (nl: 2.3-4.2) Reverse T3 23 ng/dl (nl: 10-24)
TPO Antibodies: Negative Tg Antibodies: Negative
Cortisol 12 pg/dl (nl: 10-20) ACTH 19 pg/ml (nl: 10-50)

Testosterone 27 ng/ml (nl: 30-95)  Estradiol 101 pg/ml (nl: 27-123)
Progesterone <1.5 ng/ml (nl < 1.5) DHEA 188 pg/dl (nl: 145-395)
GH 0.04 ng/ml (nl: 0.05-3.0) IGF-1 57 ng/ml (nl: 60-220)

She is concerned that she has Wilson’s Low T3 syndrome,
Reverse T3 syndrome, and Growth Hormone Deficiency and
requests advice and treatment for all of these conditions.

Case 5

A Sl-year-old man is referred by his PCP for exercise intol-
erance, muscle weakness, excess sweating, and difficulty
concentrating for the past 4-5 years. He is a former college
athlete. He eats a well-balanced diet, exercises regularly, and
sleeps fairly well. Libido and sexual function are normal. He
has five alcohol drinks/week and doesn’t smoke. A general
evaluation, including serum TSH and Testosterone, was nor-
mal. A naturopath advised thyroid support and adrenal sup-
port supplements, but he has not yet started these.

PMH: Colon polyps Meds: Vitamins, minerals

PE: BP140/85 P76 Ht511” Wt2081b. BMI 29 kg/m?
General: Normal Thyroid: Normal = Skin: Normal

Labs: TSH 2.3 mU/, Free T4 1.4 ng/dl (nl: 0.8-1.8)
Testosterone 390 ng/dl (nl: 275-1075)
IGF-1 132 ng/ml (nl: 60-220)
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He would like a more complete hormone evaluation and
consideration for testosterone therapy because he is a former
athlete and believes that this testosterone level, while in the
normal range, is low for him.

Case 6

A 42-year-old man is referred for persistent hypothyroid
symptoms despite LT4 therapy. Hypothyroidism was diag-
nosed 6 months ago. He still experiences fatigue, mild depres-
sion, and difficulty losing weight. He requests further thyroid
testing and medication adjustment.

PMH: Hypothyroidism Meds: Levothyroxine 150 pg/day
PE:BP 122/84 P76 Ht6'1” Wt 203 Ib.

General Exam: Normal Thyroid: Enlarged, granular
Lab: TSH 1.6 mU/1 (nl: 0.45-4.5)

Free T4 1.4 ng/dl (nl: 0.8-1.8)

You say: “It’s not your thyroid.”

He says: “I was told you’d say that. But I believe it is. What
else could it be? My previous doctor said that my TSH does
not reflect my actual thyroid status but that my symptoms do.
I want to take a natural thyroid hormone.”

Case 7

A 46-year-old woman is self-referred for hormone evaluation
because of obesity and an inability to lose weight. She
weighed 118 1b. at high school graduation. She gained 30 Ib.
with each of two pregnancies and retained ~15 1b. after each.
She has gradually gained weight since then despite intermit-
tent dieting and exercise programs. She also endorses fatigue,
dry skin, and constipation.
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PMH: Negative Meds: Vitamins, supplements
PE:BP 138/76 P82 Ht5'5" Wt 194 Ib.
General: Generalized obesity, mild buffalo hump, rosy cheeks

Thyroid: Normal size/consistency Skin: Non-violaceous
abdomen striae

Lab: TSH 1.9 mU/I (nl: 0.45-4.5), Free T4 1.1 ng/dl (nl: 0.8-1.8)
24 h Urine cortisol 29 pg (nl < 55 pg/24 h)

Serum cortisol <1.8 pg/dl after 1 mg Dexamethasone
at bedtime

She is convinced that her weight gain and inability to lose
weight must be a hormone problem.

Case 8

A 33-year-old man complains of progressive fatigue and
lack of motivation. His sleep habits are poor because he
brings his work home with him and works until late at night.
His interest in sex has waned but is still present. Erectile
function is normal. His primary care provider evaluated him
for these complaints but all lab tests, done in the afternoon
on the day of his visit, were normal. However, because his
testosterone level was in the lower one-third of the normal
range, he visited a local “Low T” clinic. Additional testing
was not done but he was given an injection of testosterone
pellets. He noted some subjective improvement after this.
The testosterone pellets were not covered by insurance. He
presents to his local endocrinologist to verify that he has an
ongoing need for these pellets so that insurance will cover
them. He also asks if his low testosterone levels will cause
him to be infertile. His serum testosterone level is 1173 ng/
dl (nl: 300-1000).
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Case 9

A 55-year-old woman complains of hot flashes, insomnia,
fatigue, and depression. Her naturopath recently prescribed a
compounded hormone replacement product containing
estrogens, progesterone, and testosterone. She has recently
noted dark hair growing on her chin, which has never hap-
pened before since she is red-haired and fair-skinned. Her
serum testosterone is 2129 ng/dl (nl: 20-80).

Case 10

A 60-year-old woman was diagnosed with chronic fatigue
syndrome 26 years ago. She was told that her thyroid and
adrenal glands were underactive, but she is not sure exactly
what tests were done. At that time, she was started on dexa-
methasone, levothyroxine, and liothyronine. Because of
worsening symptoms, dextroamphetamine, modafinil, and
midodrine were later sequentially added and various anti-
depressant medications were tried over the years. Despite
these interventions, her symptoms worsened: she developed
severe insomnia and she intermittently began considering
suicide. She is referred to endocrinology for management of
her hormone issues. Current medications: dexamethasone
0.5 mg every morning, levothyroxine 100 pg daily, liothyro-
nine 15 pg in the morning and 10 pg in the afternoon,
modafinil 200 mg BID, dextroamphetamine 5 mg BID,
midodrine 5 mg TID, Zolpidem 10 mg HS, Bupropion XL
300 mg daily, cyclobenzaprine 10 mg TID, Lamotrigine
150 mg daily, linaclotide 145 mg daily, estradiol patch
0.1 mg/24 hours, and micronized progesterone cream 50 mg
BID. Her fatigue continues to worsen, and her insomnia
persists. She says: “Something has to be done about this. I
can’t go on feeling this way.”
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Email/Phone Questions (Unedited)

e Phone call from a 47-year-old woman with active severe
Graves’ disease for whom Methimazole treatment was
recommended. “I don’t want to take that medication
because it might make me gain weight. A friend recom-
mended that I try Naturethroid. Please send a prescription
for Naturethroid to my pharmacy.”

e For about a month, I have been having this sensation of
bugs crawling on the right side of my head in my hair. Last
night when I Googled, I was surprised to find that this is
more common than [ knew and can be caused by hypothy-
roid. Since it has been a long time since I have had my
thyroid checked, it seems that it is time. So, might you be
able to order the test and then prescribe as needed?

e Dr. McDermott ... I have just been diagnosed with con-
junctival chalasis (the film that covers the eyeball) becomes
very loose and wrinkles up causing discomfort and irrita-
tion as if there is something continually in your eye? One
prospective study found that the prevalence of conjuncti-
val chalasis in patients with autoimmune thyroid eye dis-
eases was as high as 88%. I may have to have surgery.
Would it help me to change to Armour? A shortage of T3
is supposed to contribute. Thanks,

e Dr. McDermott, I continue to struggle with exhaustion
constantly and maybe that is just parenthood and need to
improve my sleep habits. It is frustrating. I feel my best
when pregnant honestly. What are your feelings on celiac
connection with thyroid levels?! I have been having a lot
of dizzy spells lately, more than just the feeling when you
stand up too quickly and my menstrual cycles are heavier
and take me down for a few days. My levels and labs were
fine, so I guess it is a mystery. I have not been taking sup-
plements as regularly and looks like my vitamin D could
stand to be increased. Thanks for ordering them!



10 M. T. McDermott

Questions for Insightful Endocrinologists
to Consider

The hypothalamic—pituitary—thyroid axis, hypothalamic—pitu-
itary—adrenal axis, hypothalamic—pituitary—gonadal axis,
hypothalamic—pituitary-GH-liver-IGF1 axis, calcium-PTH-
Vitamin D homeostasis, total body—energy balance, and over-
all nutrient metabolism and distribution are all highly
complex systems. Hormone synthesis, secretion, transport
through the circulation and other fluids, receptor binding,
second messenger generation, gene expression, post-
transcriptional modification, ultimate hormone action, and
feedback regulation are all discreet processes that are unique
and critical components of each individual hormonal and
metabolic system.

Most of us delighted in learning about the intricacies of
homeostatic regulation within these systems. We have dili-
gently pursued further understanding how disease processes
can affect these systems and how our static and dynamic endo-
crine tests and imaging modalities can dissect apart the indi-
vidual components of the systems to pinpoint where the
pathology exists so that the best possible treatments can be
developed for endocrine and metabolic disorders. As a result
of the work of dedicated scientists and devoted clinicians, we
have developed testing platforms that are remarkably accurate
and treatment strategies that are safe and highly effective.

Nonetheless, all of us who are involved in caring for
patients with known or possible endocrine disorders must
continue to be innovative thinkers, who are eager to make,
understand, and apply new discoveries that will push our
knowledge, diagnostic skills, and treatment options to even
higher levels. So, we must ask: Based on our current clinical
endocrine testing and imaging capabilities, do we really
understand, without a doubt, every aspect of the function and
dysfunction of the very complex endocrine and metabolic
processes within our patients? Is it possible that some symp-
toms a patient suffers could result from inherited or acquired
abnormalities (genetic, epigenetic, or other) at any of these
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multiple steps of hormone and metabolic physiology for
which we currently do not have adequate tests?

Are we ready to declare that we now know everything there
is to know about hormone secretion, transport, and action, that
our tests can evaluate every aspect of endocrine and metabolic
function, and that there is no need for improvement in the
options we currently offer patients to treat their endocrine
diseases? Should we not acknowledge instead that we don’t
know everything and that we eagerly await new research dis-
coveries to help us take better care of our patients?

I am not suggesting that all or even many patients with
“pseudo-endocrine” disorders have an actual endocrine or
metabolic disorder and that, if we just order enough tests, we
will identify them; nor do I believe that when additional tests of
the endocrine system become available, all or most of these
patients will be found to have a previously undiagnosed endo-
crine disorder. However, I do believe we should acknowledge
our current diagnostic and therapeutic limitations and support
innovative research to overcome these limitations. We should
practice evidence-based medicine but be open to novel ideas
when they are based on solid science, and that we should always
strive to develop compassionate and supportive relationships
with all of our patients, regardless of whether or not they prove
to have identifiable endocrine or metabolic disorders.

Additional Important Considerations

Endocrinologists are the acknowledged experts in the diag-
nosis and treatment of disorders of hormone secretion, trans-
port, and action and of numerous metabolic diseases. It is an
honor that a person respects our expertise and entrusts their
healthcare to us. Every patient deserves our respect and com-
passion. When patients say, “Fix my thyroid, adrenal, pituitary,
or metabolic condition,” what they are really saying is “Please
help me.” The patient’s quality of life is poor, and she/he is
frustrated. Can we play a role in improving this patient’s
quality of life? Can we help this patient even if there is no
apparent endocrine disorder? We should consider it an honor



12 M. T. McDermott

and privilege that he/she entrusts us with an opportunity to
help her/him. Therefore, we should listen attentively, examine
our patient, offer additional testing if appropriate, admit that
current testing options have some limitations and always pro-
vide honesty, encouragement, and compassion.

It’s an exciting time to be an endocrinologist. There is still
so much to learn, and so many people we may be able to help.
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Chapter 2

Pseudo-Endocrine
Disorders: My General
Approach to Management
of the Patient

Michael T. McDermott

We all have our own individual approaches to the evaluation
and management of patients with challenging medical condi-
tions, including those with pseudo-endocrine disorders. I have
discussed this with many seasoned colleagues, including sev-
eral of the authors of other chapters in this book. These are
useful learning experiences for me. Each provider should
approach patients with these issues in their own natural way,
using their knowledge of Endocrinology, their well-honed
personal instincts, and always their highest degree of human-
ism, respect, and compassion. In the discussion below, I
describe the approaches that I have found most useful in
providing the best possible care and assistance to patients
with pseudo-endocrine disorders.
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Listen Attentively

I ask the patient to describe their symptoms and then listen
attentively, without interruption. This helps to validate for the
patient that I hear them, that I believe they are having these
symptoms and that the symptoms are seriously affecting their
quality of life, that I understand their concerns and frustrations,
and that I am willing to be part of the solution. I maintain eye
contact, if the patient is willing, and avoid typing in the electronic
health record as much as possible. If I must type in order to
accurately capture and remember key details, I periodically ask
the patient to look at my monitor to make sure that I have
recorded the details and their concerns accurately. I then ask for
clarification of any parts of their description that I did not
understand and ask additional questions to probe further into
their major concerns. I also ask questions about lifestyle issues,
such as their diet, exercise, and sleep habits (including if they
snore) and about their use of tobacco, alcohol, marijuana, and
other legal or illegal drug use. I carefully ask about their family
life and their employment situation and satisfaction. I ask about
their level of stress and their coping mechanisms. I rarely use the
word “depression” on a first or second visit, unless the patient is
forthcoming about this issue, but I get a good idea about this
from the discussion described above. I avoid allowing the patient
to spend much time describing their frustrations about previous
providers and prior evaluations. All of this must be done, of
course, within reasonable time constraints because we all have
busy practices and our subsequent patients that day also deserve
to be seen on time and to have adequate time devoted to their
issues and concerns. Therefore, it may be beneficial to have the
patient return for a second visit to continue the discussion. My
emphasis throughout this time is attentive listening,

Perform a Thorough Physical Examination
The value of a thorough physical examination cannot be over-

stated. True endocrine disorders are often associated with dis-
tinct physical findings, which can be readily appreciated by the
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experienced physician. In addition, this further validates that
you believe and are concerned about your patient’s symptoms
and are interested in evaluating them further. Furthermore, the
physical contact of an examination can enhance the physician—
patient relationship and can also be the first step in therapy. I
am amazed at how often patients tell me that their previous
provider “never even examined me.”

Review Results of Previous Evaluations

I also ask the patient about previous testing and review the
reports if available.

Order Additional Testing as Needed

Frequently the patient’s previous providers, in an attempt to be
cost-effective, have ordered a limited number of tests. I find it
useful to repeat some of the previously ordered tests if they had
borderline results, were done in an unfamiliar laboratory, were
done at the wrong time of day or after sleep deprivation, or if
there is a question about assay interference by other medica-
tions, supplements (especially biotin), or heterophile antibodies.
If not yet done, I consider testing for additional disorders that
may have been overlooked, such as those for diabetes mellitus,
calcium abnormalities, adrenal disorders, hypogonadism, celiac
disease, vitamin D deficiency, vitamin B12 deficiency, and sleep
apnea. Some may argue that extensive testing is not cost-effec-
tive, and I often agree, but I also take into consideration the
additional costs that will be incurred by these patients if they
continue to visit multiple physicians in the future in search of
answers if I do not thoroughly evaluate their complaints.

Discuss Your Findings with the Patient

I find it useful to explain briefly to the patient, in understand-
able language, pertinent aspects of endocrine physiology and
how and why we use the tests that we order. An acknowledg-
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ment that everything is not known about endocrine function
and dysfunction and that there could be conditions, yet to be
identified, for which we currently do not have diagnostic tests
is often helpful. It is important for the patient to understand
also that symptoms frequently experienced by many people
are nonspecific and could be due to other conditions unre-
lated to the endocrine system.

Discuss Treatment Options

Satisfactory outcomes for these patients require a skillful and
compassionate approach by the physician. Management
advice should include healthy lifestyle measures, starting with
a well-balanced diet, regular exercise, adequate sleep, and
stress reduction. Treatment of any endocrine and metabolic
disorders uncovered during the evaluation should be dis-
cussed and implemented. Contributing non-endocrine medi-
cal and psychiatric conditions can be discussed but are often
more appropriately managed by primary care providers and
other specialists.

I always try to convey to the patient that we are partners
in the quest to relieve their symptoms and improve their
quality of life. I want them to clearly understand that I do
care. I find honesty, encouragement, and compassion to be
the most effective measures for a successful outcome. My
discussion with my patients is appropriately individualized, of
course, but most often proceeds along these lines:

Honesty “I'm not sure what is causing your symptoms. I have
done all the appropriate tests and have not found an Endocrine
disorder.”

Encouragement “While we didn’t find a cause for your
symptoms, your test results do indicate that you do not have
any serious medical conditions.”
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Compassion “I hope that your symptoms will resolve soon
with healthy lifestyle measures.

I am certainly willing to repeat some of your tests in
3-6 months if the symptoms persist.”

Important Considerations Again

Repeating my comments from the previous chapter, I consider
it an honor that a person respects my expertise and entrusts
their healthcare to me. Every patient deserves my respect and
compassion. The patient’s quality of life is impaired, and she/he
is asking for my help. I search for any way I can help to
improve the patient’s quality of life, even if there is no appar-
ent endocrine disorder. Therefore, I listen attentively, examine
my patient, offer additional testing if appropriate, admit that
current testing options have some limitations and always pro-
vide honesty, encouragement, and compassion.
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Chapter 3

Rogue Practitioners
and Practices

Michael T. McDermott

In recent years, we have seen a disturbing proliferation of
print, broadcast, and Internet advertisements concerning fab-
ricated diseases that have no actual scientific or credible clini-
cal evidence for their existence and unproven remedies for
these made-up maladies that are openly shilled for profit. We
have seen practitioners who proclaim themselves to be
experts in hormonal therapy without any formal training and
who often promote hormonal treatments without adequate
endocrine evaluations. We have seen practitioners who make
astonishing promises regarding the benefits of herbal, supple-
mental, and other unproven therapies that they themselves
sell in their offices and/or online. And we have seen what we
know to be frankly harmful and even dangerous products that
contain animal whole organ (most commonly thyroid and/or
adrenal) extracts or hormonal injections that produce highly
elevated levels of sex hormones (especially testosterone)
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without any concern for short-term patient safety or long-
term outcomes. And we have heard anecdotal stories from
patients who visited these practitioners and had no beneficial
results or frankly concerning on-treatment results at a surpris-
ingly high financial cost, even though they had been promised
symptom improvement, safety, and full insurance coverage.

We discussed the management of individual patients in the
first two chapters of this book, but the issues described in the
previous paragraph are of general public health concern.
What is our responsibility as individual practitioners in the
face of these rogue practitioners and practices? Certainly, we
have a primary obligation to protect each of our patients
from these unscrupulous, charlatan practitioners and the
unproven, costly, and sometimes dangerous treatments they
promote. We do this through one-on-one in-person education
for our patients. We can also direct them to credible profes-
sional websites such as those of the Hormone Foundation
(Endocrine Society), American Thyroid Association, and
Mayo Clinic, for example; reliable information regarding
Adrenal Fatigue and Wilson’s Syndrome is available on these
sites (see reference list below).

More broadly, however, we should seek opportunities to
bring these issues to the attention of the general public. For
example, I was able to be interviewed on a local Denver tele-
vision station about testosterone therapy; during this brief
interview, I informed the listeners that low testosterone levels
are often just a manifestation of more serious underlying
medical conditions or of medications, that treatment of these
conditions should be the primary focus of therapy, and that
low testosterone levels caused by these conditions are often
restored to normal, without a need for lifelong testosterone
replacement therapy, if the underlying medical conditions are
appropriately managed. Our Division Head, Dr. Bryan
Haugen, was also interviewed and was given the opportunity
to discuss and warn the community about questionable and
unproven thyroid treatment programs offered and advertised
by local non-endocrinologist, non-physician practitioners. We
can encourage our local and national professional organiza-
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tions [state medical societies, American Medical Association
(AMA), American College of Physicians (ACP), the
Endocrine Society, the American Association of Clinical
Endocrinologists (AACE), and the American Thyroid
Association (ATA)] to publish fact sheets, official statements,
and guidelines regarding these types of practices. And we can
write editorials and commentaries in our local newspapers.
One particularly well-written piece by Dr. Lisa Pryor was
published in the New York Times (Jan 5,2018) and was enti-
tled “How to Counter the Circus of Pseudoscience.” I highly
recommend reading this outstanding article.

Another option is to report rogue practitioners and prac-
tices to your local state medical board. A small group of
Colorado physicians reported a local physician who was
treating patients who complained of fatigue with a combina-
tion of high dose prednisone and desiccated thyroid extract
without testing for either adrenal insufficiency or hypothy-
roidism prior to initiating this aggressive therapy. I was asked
to testify in court regarding this case. The outcome was
removal of his medical license; he subsequently retired.

Dr. Denis Wilson, who declared “Wilson’s Syndrome” to be
a widespread debilitating but treatable disorder was sanc-
tioned by the Florida Board of Medicine after a 50-year-old
woman died of an arrhythmia and heart attack while on
excessive amounts of thyroid hormone prescribed by Wilson.
In 1992, the Florida Board of Medicine accused him of “fleec-
ing” patients with a “phony diagnosis.” The Board of Medicine
and Wilson agreed to a 6-month suspension of Wilson’s medi-
cal license, after which Wilson agreed to attend 100 hours of
CME, submit to psychological testing, and pay a $10,000 fine
before resuming practice. Wilson also agreed not to prescribe
thyroid medication unless the Board of Medicine determined
that the medical community had accepted “Wilson’s
Syndrome” and his treatment (Reference: State of Florida,
Department of Health. February 12, 1992. Final Order
Number: DPR9200039ME).

In 2012, after the sanctions, Dr. Wilson posted this on his
website:
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Since I've published my book there has been growing interest in and
mention of Reverse T3, and the use of T3 in the treatment of low
thyroid symptoms. For example, many thyroid-related health sites,
books, fitness trainers, physicians, spokespeople, and businesses, tout
the importance of peripheral conversion of T4 to T3 and/or Reverse
T3 (RT3) and the usefulness of T3 in the treatment of low thyroid
symptoms in patients with normal thyroid blood tests. Over
twenty years ago, I received a lot of opposition both from main-
stream and alternative medicine circles. Now, it’s great to see that
my ideas are being embraced and disseminated more and more.
Best regards,

Denis Wilson, MD (June 21, 2012)

As physicians, we have much more influence over these
issues than anyone else in our communities. As shown above,
the public listens to physicians and what we say makes a dif-
ference. Below are two examples of Colorado physicians who
want to do something about this and are taking action. The
first is a group email sent by an excellent practicing endocri-
nologist to multiple colleagues throughout Colorado regard-
ing the growing practice of testosterone pellet injections. The
second is a personal letter to me from a retired physician who
still cares about the quality of health care and wrote to bring
to my attention an acupuncture provider who has started a
local chapter of “Thyroid Centers of America.”

Two Letters from Concerned Endocrinologists

Hello Endocrine Colleagues.

I am reaching out to many of you, and know that many more are
not on this email, to enlist whoever is willing to help fight the
escalating Bio-T programs that are infiltrating our patients. I have
reached out to CMS and The State Board and was met with same
response; no one wants to get involved. I have also reached out to
the Endocrine Society for help in addressing this issue and also
have not seen a reply. As this program becomes more aggressive
in their treatment, we are routinely seeing women with T levels in
the 200-600 range. When discussing this with their doctors I am
told that men should have levels in the 900-1200 range.

I finally called the FDA to report my concerns and was able to
speak with the consumer advocate. I am writing a formal letter in
the hopes that we can have the FDA investigate further the
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fraudulent claims and management. If you have not visited the
Bio-T program website recently, I would encourage you do this.
The website makes claims of bio-T pellets treating PTSD,
Alzheimer’s, diabetes and even Parkinson’s disease. The pellets
are manufactured and sold by this single company, which in my
experience is the predominate force in the Denver area.

There are additional websites claiming how providers can enrich
their pockets by $250,000 a year using these programs. We have
seen so many women being negatively impacted by these claims
http://www.htcapractitioner.com/benefits/
https://www.biotemedical.com/

If you have cases that you can provide to me, with declassified
information, demonstrating these high levels and any adverse
claims this will bolster our complaint with the FDA. I don’t know
if it will take us anywhere, but I for one am saddened to continue
to see so many patients be hurt, lose money and am frustrated
with the lack of the medical community to help and protect these
patients. If you have any additional thoughts that you would like
me to include, I would be grateful

Thank you for your time, I know for myself this area has con-
sumed much of my time in re-educating patients.

Linda Buckley MD

Dear Dr. McDermott

Recently, my morning edition of the Denver Post had the
enclosed wrap-around ad on the front page. I had never heard of
“The Thyroid Centers of America” nor of (name deleted) L.Ac.
My local librarian at St. Joseph Hospital informed me that L.Ac.
means licensed acupuncturist. Since the Hyatt house is only about
4 miles south of me, I made a reservation to attend.

There were about 25 middle-aged women and 5 men attending.
One of the men appeared to be in his late 20s. Later he claimed
to be symptom-free and was attending for his mother.

The speaker began by asking “what was the major problem with
modern medical care?” The audience agreed that “fragmentation”
was a major problem. The speaker went on to explain that his
mother had developed Hashimoto’s thyroiditis, an autoimmune
disease, and once the patient’s initial autoimmune disorder is
controlled, the body goes on to develop additional autoimmune
conditions. His mother developed a total of four. He began devot-
ing his life to finding help for her.

He discovered that our livers are being attacked by halides
(chlorides, bromides, etc.). He stated that most European
nations do not allow fluoride in their public drinking water (!).
And, I later confirmed this via the Internet. Because the liver is
poisoned, it cannot produce a necessary substance that allows

27


http://www.htcapractitioner.com/benefits/
https://www.biotemedical.com/

28 M. T. McDermott

the intestine to complete conversion of all of T3 to its active
form. Thus, thyroid tests may be normal, but active thyroid hor-
mones are lacking. He never mentioned TSH measurements.
His program has 5 steps: 1) detoxify the liver; 2) achieve hor-
monal balance; 3) exercise; 4) improve nutrition; 5) my notes are
blurred but I think it was to bring all of these 4 steps to optimal
levels. He never mentioned acupuncture.

At this point he announced that because we had attended this
educational lecture, his initial consultation could be had for $47
instead of the usual price of $187 Provided we signed up that
evening. Three women hurried to the front desk (? shills) to take
advantage of this offer. I departed.

Holistic medicine has a definite appeal and can be practiced hon-
estly and profitably, I believe; but I wonder how he can prescribe
hormones as a licensed acupuncturist. Perhaps the detoxifying of
the liver brings all of one’s hormones into balance.

It used to be that the local medical Society would investigate
marginal medical practices and, if found fraudulent, put them out
of business. I do not know if that is still true or that we live in a
“live and let live” era.

Were you aware of The Thyroid Centers of America? He said
there was one in Houston.

Please let me know by letter or phone.

Very truly yours,

Albert F Nibbe MD (retired; age 91)
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Chapter 4

Influence of the Internet
in Endocrinology Practice

David R. Saxon

The expanded availability and use of the Internet by patients
have greatly altered the landscape of medical care over the
past 25 years. Patients and their family members can now
much more readily access medical information — both sound
and unsound — that undoubtedly impacts the care they seek,
the treatment options they choose, and the conversations they
have with their physicians. Not surprisingly, many Americans
are choosing to obtain health information online. In 2013, the
Pew Research Center reported that 59% of U.S. adults had
searched online for health information within the past year,
35% had used the Internet to try to figure out what medical
condition they or another may have (“online diagnosers”),
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and 53% of online diagnosers talked with a clinician about
what they found online [1].

The ability of patients to obtain health information on the
Internet has had significant implications for the practice of
endocrinology. With the Internet, vague symptoms like fatigue
and weight gain often lead patients to online searches that sug-
gest the presence of endocrine disorders such as hypothyroid-
ism, hyperthyroidism, hypercortisolism, adrenal insufficiency,
and testosterone deficiency. Armed with a preconceived notion
of what endocrine disease they might have, patients now — per-
haps commonly — come to endocrine visits looking for the
endocrinologist to confirm their suspicions through specific lab
testing and there may be a deep disappointment or resentment
when certain requested testing is not performed, or results are
negative. In a recent survey of endocrine patients, the majority
(78%) looked for health information online, and while they
generally demonstrated a good understanding of what consti-
tutes trustworthy information, 40% simply relied on the top
search engine option as their main criteria for choosing where
to obtain information [2]. Unfortunately, at this time, few safe-
guards are in place to ensure that reputable medical informa-
tion occupies the top-listed search engine sites.

Social media sites can be of benefit to patients with endo-
crine disorders, serving as a place to find support, gather medi-
cal information, and to express medication and treatment
concerns. However, some social media forums undeniably pro-
mote pseudo-endocrine disorders that garner the attention of
many. On Facebook, as of March 2019, a group named “Adrenal
Fatigue and Thyroid Care” has over 54,000 members, whereas
the Hormone Health Network, an online educational resource
center for endocrine disorders sponsored by the Endocrine
Society, has only 13,000 members. Such data suggests that social
media dissemination of what most endocrinologists would con-
sider to be sound medical advice and knowledge may lag
behind the spread of (pseudo)endocrine-related medical infor-
mation that is without a strong scientific basis.

Although not extensively studied, celebrity testimonials
and popular news stories about specific endocrine and pseudo-
endocrine disorders appear to lead to increased online health
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information seeking by the general public. For example, in
November 2014, the former Fox News pundit Glenn Beck
revealed to the public that he had suffered from “adrenal
fatigue.” This story was covered by a number of major news
outlets including USA Today, Washington Post, Vanity Fair,
and Politico, as well as many local news organizations. By
using Google Trends, a website that analyzes the popularity of
Google search queries across regions and languages, it appears
that there was a spike in searches for the term “adrenal
fatigue” during the week that Mr. Beck’s story was in the news
(see Fig. 4.1). Regional variation in interest in this story was
also apparent during that 1-week period with West Virginia,
North Dakota, and Vermont having the highest percentage of
searches for “adrenal fatigue.” Whether this specific or similar
national media coverage resulted in an uptick of medical visits
by patients concerned that they may have adrenal fatigue is
unknown, but one wonders if such media coverage may cause
some degree of mass psychogenic illness as has been seen in
various cultural contexts after disasters and vaccinations [3, 4].

For practicing endocrinologists, it is easy to become dis-
couraged and cynical about the seemingly widespread avail-
ability of fake or inaccurate online information about
endocrine disorders. However, Internet use by patients can
also be studied to understand the information needs of the
general public and of communities of patients with specific
endocrine disorders, thereby providing an opportunity to
improve care. For example, a recent analysis of WebMD
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FiGURE 4.1 Google trend of search interest in “Glenn Beck” and
“adrenal fatigue” during 11/1/14-11/30/14. Blue = “Glenn Beck”
searches. Red = “adrenal fatigue” searches. (https:/trends.google.
com/trends/explore?date=2014-11-01%202014-11-30&geo=US&q=
glenn%?20beck,adrenal %20fatigue)
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patient reviews of levothyroxine identified six distinct themes
of medication concerns and found that these concerns dif-
fered depending on patients’ age, gender, and treatment dura-
tion [5]. The authors suggest that such information has the
potential to lead to tailored medication counseling interven-
tions that could improve patient treatment satisfaction.

Patients’ use of the Internet to gather information about
endocrine and pseudo-endocrine disorders is not going to go
away and is likely to expand. Endocrinologists will, therefore,
need to develop specific communication techniques and
management strategies that address the online medical (mis)
information that patients may be exposed to in a head-on
manner. One strategy might be to more directly question
patients about their online health information seeking behav-
ior and how that information has influenced the type of care
they have sought, the treatments they have taken or consid-
ered, their adherence to treatment, and their beliefs about
their illness. Another strategy could be for physicians to more
routinely guide patients to reputable online medical informa-
tion resources (perhaps through website links attached to lab
reports, after visit summaries, and with new prescriptions).
While ultimately the spread of medical misinformation on
the Internet will continue to frustrate endocrinologists in
certain clinical situations, we must continue to be unwavering
in our dedication to providing appropriate and comprehen-
sive care to all our patients.
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Chapter 5

Debunking Internet
Myths: What Is the Best
Approach?

Deirdre Cocks Eschler and Jonathan D. Leffert

Introduction

Over 80% of the United States (US) population has access to
the Internet [1], and many use it as a resource for medical
information. The sevenfold increase in Internet use from
2000 to 2015 [1] has changed the frontier of patient—physician
relationships and health care practice.
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Background and Significance of Clinical
Problem

Currently, almost 75% of people in developed countries use
the Internet as a source of health-related information [2].
Symptom searches are the most common [3]. In 2013,35% of
adults in the U.S. searched the Web to self-diagnose: about
50% of these talked with their doctor about their research
and about 40% had their diagnosis confirmed [2]. It is not yet
clear from research in this area whether such Internet search-
ing leads to increased patient anxiety and overutilization of
health-care resources [3]. There are suggestions that Internet
searching may improve a patient’s understanding of his/her
condition and lead to a more prompt diagnosis (reviewed in
[3]). A systematic review showed that it can improve a
patient—physician relationship when a patient shares their
findings on the Internet, particularly if the physician is
responsive and not threatened [4].

In some countries, hundreds of home tests to self-diagnose
conditions including diabetes, sexually transmitted diseases,
and infections are available to the Internet consumer [5] and
patients can self-medicate based on their Internet research
(reviewed in [4]). Such self-treating can be dangerous, as one
can buy drugs including non-FDA approved, custom-
compounded “bioidentical” hormones [6], and anabolic ste-
roids on the Internet without a prescription.

Nonspecific symptoms that include fatigue, weight gain, and
other vague complaints will often lead the Internet-searcher to
a possible endocrine etiology of their symptoms, such as hypo-
thyroidism, adrenal abnormalities, and testosterone deficiency.
Fatigue was listed as number 4 of the top 10 Internet health
searches [7]. Patients may subsequently present to primary care
doctors and endocrinologists armed with the information from
the Internet. Unfortunately, information from the Internet on
endocrine diseases is usually unfiltered and inaccurate. It can
leave the reader to conclude their fatigue and weight gain have
a simple solution of a “thyroid” pill, for example. Furthermore,
the confluence of often inaccurate Internet information, easy to
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use testosterone medications, wide-ranging testosterone assays
with biological variability, and the society’s high value placed
on youth, have resulted in the explosion of patients with “tes-
tosterone deficiency.” Finally, the last group of patients with
imprecise symptoms and lack of biochemical specificity for
diagnosis are those with self-diagnosed “adrenal fatigue.”

Thyroid
Thyroid Case

A 2l-year-old female with a history of fatigue and weight gain
presented to her naturopath. She had no previous medical or
surgical history. On physical exam, her BMI was 19 kg/m?, her
thyroid gland was not enlarged, and the rest of her exam was
unremarkable. Her thyroid test showed a TSH of 1.4 mU/L and
free T4 of 1.2 ng/dL (both in normal range) and an elevated
reverse T3. The patient then consulted the Internet regarding
the reverse T3 elevation. From this source, it was recom-
mended by her naturopath that she would require further
evaluation and consideration of thyroid hormone treatment.

Thyroid and the Internet

Fatigue is a commonly searched symptom on the Internet and
often leads a patient to believe that they have hypothyroidism
despite normal TSH values. Additionally, patients are able to
purchase thyroid hormone online which can lead to very seri-
ous adverse outcomes [8]. Even when the consumer doesn’t
explicitly desire thyroid hormone, most commercially avail-
able thyroid supplements contain T4 and T3, some at doses
higher than those used to treat hypothyroidism [9].
Additionally, the Internet offers false information stating that
an imbalance in and overactivity of reverse T3, due to excess
or deficient cortisol levels, will deplete the body of T3 and lead
to hypothyroidism that will go undiagnosed by the medical
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practitioner [10, 11]. There are also statements that thyroid
hormone resistance may contribute to symptoms despite
normal labs. Other websites, devoted to people with
Hashimoto’s hypothyroidism, suggest that diets rich in pro-
tein, iodine, iron, selenium, zinc, omega 3 fats, and vitamins
A, B, and D will improve thyroid function [12]. In addition,
these web sites suggest that one should avoid potential
“inflammatory” foods like gluten, dairy, eggs [12], and “tox-
ins” like mercury from dental amalgams [13] and those from
our air and drinking water by special high-efficiency particu-
late air (HEPA) filters and specific water filters [14].

Thyroid Physiology, Diagnosis, and Treatment
of Hypothyroidism

The human thyroid produces predominantly thyroxine (T4)
and to a lesser extent triiodothyronine (T3). About 40% of
T4 is converted in the tissues to the active metabolite, T3,
which can subsequently bind to nuclear receptors in tissues
[15], and another 40% is converted to an inactive metabolite
reverse T3 (r'T3) [16]. Reverse T3 is difficult to measure and
is not used to guide clinical practice, with the very rare excep-
tion of its possible utility in the differentiation of central
hypothyroidism from nonthyroidal illness [17].

The most common symptoms of hypothyroidism are
fatigue, muscle cramps, dry skin, voice changes constipation,
cold sensitivity, and fatigue [18]. Symptoms of hypothyroid-
ism do not always correlate with biochemical thyroid func-
tion [19] and a hypothyroid symptom score is less likely to
predict biochemically hypothyroid patients over 60 years old
[20]. However, patients with more hypothyroid symptoms
present, particularly if they were new in the preceding year,
and are more likely to have biochemical hypothyroidism [19,
20]. The American Thyroid Association (ATA) recommends,
however, against using a scoring system to diagnose hypothy-
roidism as they lack sensitivity and specificity [18].

In diagnosing and treating hypothyroidism in the nonpreg-
nant patient, the ATA recommends using the TSH and free
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T4 and recommends against the measurement of T3 levels
[18]. The ATA strongly recommends against treatment with
levothyroxine (LT4) for patients who are biochemically
euthyroid (have a normal TSH and free T4) but have symp-
toms that can overlap with hypothyroidism [15]. In a double-
blind, placebo-controlled, crossover study, 22 patients with
symptoms similar to hypothyroidism but with normal thyroid
function tests and 19 controls were studied. Despite an
increase in FT4 and a decrease in TSH on LT4 therapy (thus
proving compliance), study patients showed an improvement
on psychological testing while on LT4 that was no different
from results with placebo; however, they had a lower score
for visual memory testing while on LT4 [21]. Furthermore,
studies have shown there is no difference in energy metabo-
lism and expenditure and body composition (including fat
mass and waist circumference) in euthyroid patients who are
treated with LT4 [22]. Treatment was shown to lower resting
energy expenditure in one study [23].

Circling Back to the Patient

In this case, the patient focused on the reverse T3 as a marker
of thyroid hormone deficiency that she had “researched” and
found to be a significant factor in thyroid function. After a
detailed discussion with her regarding the physiology of thy-
roid metabolism and the lack of significance of an elevated
reverse T3 as a biochemical marker for thyroid dysfunction,
she understood that she did not need treatment with levothy-
roxine. We discussed alternative diagnostic possibilities for
her symptoms, and suggestions for referral.

Testosterone

Case: “Low T”

A 30-year-old male presents for evaluation of “low T.” The
patient had been seen by a “low T” center initially for fatigue
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without any symptoms of sexual dysfunction. His initial
testosterone level was 280 ng/dL on one sample drawn in the
afternoon. He was started on testosterone cypionate 75 mg
every week initially and increased to 100 mg every week
because of lack of symptomatic improvement. On physical
exam, the patient appears plethoric and has decreased testicu-
lar size. In addition to weekly testosterone injections, he is also
on an aromatase inhibitor to decrease his potential risk of
gynecomastia. He presents to discuss the cause of his “low
testosterone” and the duration of treatment.

Testosterone Use and Abuse and Internet Data

From 2000 to 2011, there was a 12-fold increase in testosterone
sales worldwide, with the highest increase in prescriptions
occurring in Canada (thought to be due to Internet pharmacies
being located here) and the second highest in the U.S. [24], a
trend that has likely continued. During this time, in the U.S.,
only ~75% of men new to testosterone had a testosterone level
checked within the preceding year [25]. In 2011, over 2% of
men in their 40s and almost 4% of men in their 60s were taking
androgen replacement therapy in the U.S., most of whom
didn’t have a clear indication for its use [25] despite the fact
that the prevalence of true pathological hypogonadism is esti-
mated at 0.5% [26]. In a recent paper, the market size for
hypogonadism in the U.S. includes 6-77% of men, with an up
to a fourfold increase in prescriptions in the last 20 years [27].
This increase in use is due to off-label indications and to mar-
keting and advertising direct to consumers with a “high preva-
lence of misinformation on Internet advertising” [27].

In a recent study assessing the “readability, credibility and
quality of patient information for hypogonadism and testos-
terone replacement therapy on the Internet,” the authors
concluded that the Internet provides poor-quality informa-
tion that is difficult for many to understand [28]. In another
study, 75 websites found in a Google search of “testosterone
replacement” in five of the most populous cities in the U.S.
that urologists and endocrinologists comprised only ~15% of
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providers prescribing testosterone therapy while over one-
third of the clinics were managed by nonphysicians [29].
Alarmingly, one does not need a clinic to buy testosterone, a
controlled substance, or other anabolic androgenic steroids as
they are easily available for purchase online without a pre-
scription with a simple credit card payment [30].

Diagnosis and Treatment of Male Hypogonadism

The Endocrine Society (ES) reports that men with signs and
symptoms of testosterone (T) deficiency and with testosterone
levels less than 300 ng/dL on at least two occasions are consid-
ered hypogonadal [31]. Signs and symptoms specific to T defi-
ciency include delayed or incomplete sexual development,
small testis, and loss of axillary and pubic hair. Those suggestive
of T deficiency include low libido, erectile (particularly sponta-
neous) dysfunction, gynecomastia, low sperm count, low BMD,
and hot flashes. Nonspecific symptoms include low energy, poor
concentration, depressed mood, mild anemia, low muscle bulk
[31]. When suspected, the T level should be checked while fast-
ing and in the morning, and if low, repeated as almost one-third
of men who initially have a low T, will have a normal value
when repeated (reviewed in [31]). Free T should be measured
when there may be alterations in sex hormone binding globulin
and T levels are in the low normal range [31].

Only after one has discussed risks and benefit of therapy
should T therapy be given to symptomatic men with con-
firmed low T. It should not be given to men with an elevated
PSA, prostate or breast cancer, an elevated hematocrit,
obstructive sleep apnea, or urinary symptoms that are
severe, congestive heart failure that is uncontrolled, a clot-
ting disorder, or a cerebral vascular event or MI in the pre-
ceding 6 months [31]. There are potential side effects of
testosterone replacement that must be discussed with the
patient. Side effects include acne, erythrocytosis, decreased
sperm count and subsequent infertility, possibly subclinical
prostate cancer, and growth of metastatic prostate cancer.
There is weaker evidence to suggest an association of T use
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with a worsening of obstructive sleep apnea, breast cancer
growth, or gynecomastia [31]. The US FDA requires
T-producing companies to report warning about a possible
increase in cardiovascular (CV) risk with T use. While the
data from large randomized controlled trials lack conclusive
results, the ES guidelines state that some studies suggest men
with low T have increased mortality and CV risk [31]. It is
uncertain whether testosterone treatment improved erectile
dysfunction in hypogonadal men more than phosphodiester-
ase inhibitors alone [32, 33].

Circling Back to the Patient

Discussion of “low testosterone” in healthy young males on
high-dose testosterone replacement is always a challenge.
These men are most often eugonadal and looking for symp-
tom relief for other underlying psychological or body dysmor-
phic issues. The practitioner should emphasize the importance
of evaluation of the underlying cause of hypogonadism as the
initial step in any diagnostic evaluation of a confirmed low
testosterone. To accomplish this goal, the patient needs to
discontinue the testosterone replacement and return in
roughly 3 months for repeat evaluation of their pituitary—
gonadal axis. The patient should be aware that testosterone
therapy is a lifelong treatment in hypogonadal men and it has
potential side effects. This can be a challenging group of
patients, with high expectations for treatment benefit.

Adrenal Fatigue

“Adrenal Fatigue” Case

A 45-year-old female presents for discussion of exhaustion,
mood changes, and muscle aches after seeing a chiropractor.
The chiropractor ordered a panel of laboratory testing
including a salivary cortisol profile obtained over a period of
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several hours. The salivary cortisol values were consistent
with “adrenal fatigue.” Her past medical history and physical
exam are unremarkable. She is interested in treatment for
“adrenal fatigue.”

Adrenal Insufficiency Versus the Internet Myth
of “Adrenal Fatigue”

The myth of adrenal fatigue dates back to a naturopathic
chiropractor, James Wilson, who coined the term in 1998.
Adrenal fatigue falsely claims that chronic stress leads to an
exhaustion of adrenal cortisol, resulting in a myriad of non-
specific symptoms including gastrointestinal issues, muscle
aches, sleep and memory disturbances, and chronic fatigue. A
Google search for “adrenal fatigue” in 2018 provided 629,000
results. When faced with such an online self-diagnosis, the
Internet consumer can purchase “adrenal support” supple-
ments easily. However, all of such supplements reviewed by a
group at the Mayo Clinic contained a small quantity thyroid
hormone and almost all contained at least one steroid hor-
mone [34], both of which can lead to negative consequences
in someone with normal thyroid and adrenal function.

Adrenal fatigue is not a true medical diagnosis supported by
scientific literature. In a systematic review of 3470 articles, 58
of which met inclusion criteria, there was no data to support
the diagnosis of “adrenal fatigue” as a medical disorder [35].
Furthermore, the authors point out that corticosteroids, often
recommended as a treatment for adrenal fatigue, have numer-
ous side effects and put one at increased risk for cardiovascular,
psychiatric, and bone disease as well as sleep disturbance, glau-
coma, and myopathy (reviewed in [35]). Moreover, chronic
corticosteroid use and abuse will suppress one’s own HPA axis,
creating a potential danger in times of increased demand as in
illness or trauma or when abruptly stopped.

Primary adrenal insufficiency, on the other hand, is a true
medical condition that is quite rare, with an incidence of
4:1,000,000/year in the western world and a prevalence of
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100-140 per million [36]. Symptoms of adrenal insufficiency
include fatigue, abdominal pain, weight loss, and signs include
low blood pressure and darkening of the skin [36]. To make
the diagnosis of adrenal insufficiency, a 250 pg ACTH stimu-
lation test is required with a stimulated cortisol greater than
18 pg/dL [36].

Circling Back to the Patient

It is always difficult to deal with a “disease” entity presumed by
patients to be an endocrine disorder which has been promoted
by individuals outside of the specialty. This unique situation
requires time and patience to explain the underlying physiology
of the pituitary—adrenal axis at the patient’s educational level.
In doing so, the patient will gain the understanding that outside
of the disease entity of adrenal insufficiency, “adrenal fatigue”
does not exist as a diagnosis. The patient can be referred to the
Endocrine Society webpage on adrenal fatigue, www.hormone.
org/diseases-and-conditions/adrenal/adrenal-fatigue, for fur-
ther education. One should explain the underlying paradigm of
all medical illness that without a diagnosis, there is not an endo-
crine treatment. Supplements that have been suggested by the
alternative medicine community may contain active thyroid
and adrenal hormone and can have significant side effects.
While it is important to rule out true primary adrenal insuffi-
ciency, this diagnosis is rare, and the patient should be encour-
aged to seek alternative diagnoses for their symptoms that may
include numerous possibilities such as depression, sleep apnea,
anemia, or cardiovascular or respiratory problems.

Summary

The Internet provides a wealth of medical information,
though it can sometimes be inaccurate and misleading. When
investigating the spread of true versus false news feeds on
Twitter, MIT researchers found that false information spreads
faster than true information with science-related news cate-
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gories ranking third in its spread to the most people [37]. The
Web, however, can improve a doctor to patient relationship
and patient satisfaction, particularly if a provider responds
positively to a patient’s findings [4].

While the FDA in the U.S. requires prescriptions for medi-
cine to be filled by a licensed practitioner, the online con-
sumer can purchase medication and even controlled
substances. There are methods in place to try to curtail the
sale of such drugs from unlicensed online pharmacies [38].

Management of the Internet self-diagnosed patient is
always challenging. All patients require a rigorous evaluation
but patients with Internet self-diagnosis will require added
time in the evaluation for education from a professional. These
patients are searching desperately for help from an undefined
condition that needs both diagnosis and treatment. The patient
would like a simple clear-cut diagnosis and treatment plan but
often, the answer may be part of a somatic disorder that will
require more in-depth psychiatric analysis. Nevertheless, as
endocrinologists, we must educate the patient about the scien-
tifically based pathophysiology for the disease process in a
confident and understandable way for the layperson. With a
calm demeanor and compassion towards the patient, trust is
established and allows the physician to make recommenda-
tions that the patient will accept. This process will hopefully
lead the patient to a practitioner who has the correct back-
ground and training to diagnose and treat the individual.
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Chapter 6
Bewildered by Biotin

Alicia Algeciras-Schimnich and Carol Greenlee

Introduction

Over the past few years, biotin has become one of the most
popular and widely used over the counter supplements, with
claims of improving hair, skin, and nails. While the daily
requirement for biotin is around 30-70 mcg, most supple-
ments contain high doses of 5000-20,000 mcg (5-20 mg).
These supplements result in blood levels of biotin that can
interfere with common laboratory assays, specifically those
using biotin-streptavidin chemistry. In the presence of high
blood levels of biotin, the assay can lead to abnormally low
(such as with TSH and PTH) or abnormally high (such as T4,
fT3, and cortisol) results.
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Reports of biotin interference leading to incorrect biochem-
ical diagnoses in both adults and children have been published
previously [1,2]; however, the upward trend in biotin consump-
tion has increased the chances of biotin interference in certain
immunoassays, potentially leading to misdiagnosis and inap-
propriate treatments of individuals taking these high-dose
biotin supplements. For example, six children taking biotin to
treat inherited metabolic diseases were erroneously diagnosed
with Graves’ disease [1]. Some of these children were started
on anti-thyroid medications before the biotin interference was
detected. At least one patient death has been reported follow-
ing a falsely low troponin result when a troponin test known to
have biotin interference was used [3]. This has resulted in a
safety communication by the Food and Drug Administration
regarding the importance of reporting biotin use to mitigate
the risk of incorrect laboratory test results [3].

In order to be able to identify potential biotin interference,
it is important to understand the expected behavior of the
laboratory test in the presence of biotin as well as to be aware
of confounding clinical factors that might mask a potential
interference. In this chapter, we describe the mechanisms of
analytical interference in assays utilizing the biotin—streptavi-
din methodology and present a number of cases of hormonal
abnormalities due to biotin consumption.

Biotin

Biotin, also referred to as Vitamin B7 or Vitamin H, is part of
the water-soluble complex of B-vitamins. It is a coenzyme for
several carboxylases involved in protein, fat, and carbohydrate
metabolism [4]. Biotin is readily available in a variety of animal
and plant-based foods such as egg yolk, soybeans, leafy vegeta-
bles, pork, and liver [5]. An adequate daily intake of biotin in
adults has been proposed to be 30 mcg a day [6]. In the United
States (U.S.), biotin deficiency is rare because the daily compo-
sition of biotin-containing foods and the production of biotin
from intestinal bacteria are sufficient to meet the body’s daily
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requirements [4, 6, 7]. Biotin is completely absorbed achieving
peak serum concentrations 1-3 hours post oral ingestion [8, 9].
The main route of biotin clearance is renal excretion with a
physiologic half-life in the range of 8-16 hours [8,9]. In patients
with impaired renal function, biotin clearance will be signifi-
cantly prolonged and, therefore, this needs to be considered
when suspecting biotin interference. For example, in a patient
with end-stage renal failure, biotin interference in the parathy-
roid hormone (PTH) assay was still observed up to 15 days
after removal of the 10 mg biotin supplement [10].

Biotin is available over the counter in doses ranging from
5000 to 20,000 mcg, amounts that greatly exceed the ade-
quate daily intake of 30 mcg a day. Clinically high doses of
biotin therapy are indicated for certain inborn errors of
metabolism, including holocarboxylase synthetase deficiency
(40,000-80,000 mcg/day), biotinidase deficiency (5000-
20,000 mcg/day), and biotin-thiamine-responsive basal gan-
glia disease (100,000-300,000 mcg/day) [11-13]. High doses
of biotin (300,000 mcg/day) are also being investigated for
the treatment of progressive multiple sclerosis (MS) and
other demyelinating pathologies [14, 15]. Biotin supplemen-
tation in MS is hypothesized to activate fatty acid synthesis to
support remyelination of demyelinated axons [16]. Although
the clinical uses of biotin have remained relatively limited, in
recent years, the use of biotin supplements has increased due
to its somewhat unfounded beauty benefits claims [17]. Biotin
is heavily marketed as an over-the-counter solution for
healthy skin, for hair-loss prevention and to improve brittle
nails. Given the tolerability and lack of toxicity of these high
doses of biotin, many consumers may not list them in their
medication history. In the U.S., up to 20% of individuals
report consuming biotin-containing supplements [17].

The normal daily intake of biotin results in relatively low
serum biotin concentrations (<0.8 ng/mL) that are not
expected to interfere with immunoassays [18]. However, the
same is not true when high doses of biotin supplements are
consumed. A pharmacokinetic study in healthy individuals
taking biotin supplements in doses ranging from 5000 to
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20,000 mcg/day showed that absorption was rapid with dose-
dependent peak serum concentrations achieved in less than
1 hour [19]. Peak concentrations of 41 ng/mL, 91 ng/mL and
184 ng/mL were observed at doses of 5000, 10,000, and
20,000 mcg/day, respectively [19]. The time required for the
serum biotin concentration to fall below a specific threshold
was also dependent on the initial dose. For example, assuming
an assay has a biotin interference threshold of 30 ng/mL or
higher, an 8-hour washout period was sufficient to reach a
biotin serum concentration below this threshold in individu-
als taking 10,000 mcg/day; while in individuals taking
20,000 mcg/day, 31 hours were required to reach a biotin
serum concentration below this threshold [19]. If biotin inter-
ference is observed at a threshold lower than 30 ng/mL, a
longer period after the last dose of biotin will be required.
Therefore, there is not a single time period that will guarantee
interference-free test results; instead, it will be both biotin
dose-dependent and assay threshold dependent.

Mechanism of Biotin Interference

The high-affinity interaction between the biotin and strepta-
vidin has provided an efficient method for separating free
from bound antigen in both immunometric and competitive
immunoassays over the past 25 years [20, 21]. Today this
chemistry is widely used in several fully automated immuno-
assay platforms. The usual biotin dietary intake is not
expected to interfere with these immunoassays; however, the
high doses of biotin present in some dietary supplements
saturate the biotin binding sites on streptavidin, preventing
the capture of the antigen of interest during the reaction. The
effect of biotin will be dependent on the type of immunoas-
say. High concentrations of biotin could lead to falsely ele-
vated results when using biotin-streptavidin competitive
immunoassays, whereas in biotin—streptavidin immunometric
assays it could lead to falsely low results.
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Immunometric (sandwich) assays are used to measure
larger molecules such as thyroid-stimulating hormone (TSH),
thyroglobulin, and parathyroid hormone (PTH). In the
immunometric assay format (Fig. 6.1), the analyte is “sand-
wiched” between two different antibodies: a biotinylated
capture antibody and a detection antibody, which is conju-
gated with an enzyme or a luminescent or fluorescent com-
pound. Taking TSH as an example, a biotinylated anti-TSH
antibody binds to TSH in the patient’s sample. This complex
is captured by the streptavidin-coated surface while an anti-
TSH conjugated antibody reacts with a different antigenic
site on the TSH molecule. The amount of signal is directly
proportional to the concentration of TSH in the sample. High
levels of biotin in serum compete with the biotinylated anti-
TSH capture antibody for binding to the streptavidin-coated
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FIGURE 6.1 Mechanism of biotin interference in immunometric assays:
TSH example. Serum TSH binds to a biotinylated anti-TSH antibody
(AD). This complex binds to the streptavidin (SA)-coated solid surface,
while an anti-TSH detection Ab reacts with a different antigenic site
on the TSH molecule. Unbound labeled antibody is washed away. The
amount of signal is directly proportional to the concentration of TSH
in the sample. High levels of biotin in serum compete with the biotinyl-
ated anti-TSH Ab for binding to the SA-coated solid surface. The lack
of binding of the TSH—antibody complex to the SA-coated solid sur-
face results in a falsely low TSH concentration
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surface. The lack of binding of the TSH/biotinylated anti-
TSH antibody complex leads to a falsely decreased TSH
concentration.

Competitive immunoassays are used to measure small
molecules such as thyroid and steroid hormones. In the com-
petitive assay format (Fig. 6.2), a biotinylated antibody is
captured onto a streptavidin-coated surface. A labeled ana-
lyte (enzyme or luminescent or fluorescent labeled) com-
petes with the analyte of interest in the patient’s sample for
binding to the biotinylated antibody. The amount of signal is
inversely proportional to the concentration of an analyte in
the sample. Taking T4 as an example, T4 in the patient’s
sample competes with a labeled T4 for binding to a biotinyl-
ated anti-T4 antibody. The biotinylated anti-T4 antibody/T4
complex is captured onto a streptavidin-coated surface. The
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FiGURE 6.2 Mechanism of biotin interference in competitive immuno-
assays: T4 example. Labeled T4 and endogenous T4 compete for bind-
ing to a biotinylated anti-T4 antibody (Ab). The biotinylated anti-T4
Ab: T4 (labeled or endogenous) complexes bind to the streptavidin
(SA)-coated solid surface. Unbound T4 (labeled or endogenous) is
washed away. The signal is inversely proportional to the concentration
of T4 in the sample. High levels of biotin in serum compete with the
biotinylated anti-T4 Ab for binding to the SA-coated solid surface.
Unbound anti-T4 Ab:labeled T4 complexes are washed assay. Lack of
binding of the anti-T4 Ab: labeled T4 results in a low signal. This
translates to falsely elevated T4 concentrations
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signal generated by the labeled T4 bound to the anti-T4 anti-
body is inversely proportional to the concentration of T4 in
the sample. High levels of biotin in serum bind to the
streptavidin-coated surface and prevent binding of the bioti-
nylated anti-T4 antibody, resulting in a signal that is falsely
decreased and, therefore, a reported T4 concentration that is
falsely increased.

Depending on the design of the immunoassays, both posi-
tive and negative analytical errors may occur for the same
patient, mimicking a pathological hormonal condition
(Table 6.1) [22]. Therefore, a patient taking biotin could pres-
ent with elevations of both T4 and thyrotropin receptor anti-
body (TRAD) concentrations and a low TSH concentration,
or an elevated cortisol in combination with a suppressed
adrenocorticotropic hormone (ACTH) concentration, or an
elevated 25-hydroxyvitamin D concentration with a sup-
pressed PTH. In all scenarios, unawareness of biotin con-
sumption and assay interference could lead to inappropriate
patient management. It is important to know that not all
immunoassay systems use the biotin—streptavidin technology.

Biotin interference can be unpredictable. A study that
evaluated 37 biotin-based assays showed that consumption
of 10,000 mcg biotin supplements caused interference in
several immunoassays but not in other assays for which
interference had been predicted. The reason for this
observation was not elucidated but might be related to
differences in biotin tolerance between assays [23]. Table 6.2
summarizes five widely used immunoassay systems, their
use of the biotin-streptavidin complex in their assay design
and the biotin threshold for interference provided by the
manufacturer [22]. Depending on the assay, different
misleading biochemical profiles can be observed. For
example, when using the Beckman Coulter assays, the
presence of high biotin levels will falsely elevate the FT4
and FT3 values but TSH levels will be unaffected. With the
Roche Elecsys assays, the FT4 and FT3 measurements will
also be falsely elevated and TSH will be falsely low or
suppressed. In addition, biotin interference thresholds differ
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TaBLE 6.1 Potential errors in hormone testing, due to biotin

interference
Potential risk/
Biological Erroneous adverse Already
presentation diagnosis consequence reported
Thyrotropic Hyperthyroidism  Anti-thyroid Yes
axis Graves’ disease drug therapy
Low TSH Inappropriate
High FT3, management
FT4
High
antibodies
Calcium/ Vitamin D Inappropriate Yes
phosphate intoxication explorations
metabolism PTH suppression  Inappropriate
High 250HD stopping of
Low PTH vitamin D
supplementation,
evenin a
normocalcemic
patient
Delay in
initiating
appropriate
therapy
Corticotropic Hypercortisolism  Inappropriate Yes
axis exploration
High cortisol Inappropriate
Low ACTH management
in case of
corticotherapy
Gonadotropic Excessive Inappropriate Yes
axis peripheral examinations
High secretion of
testosterone/  gonadic steroids
estradiol or occult gonadic
Low FSH, steroids intake

LH
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TABLE 6.1 (continued)
Potential risk/
Biological Erroneous adverse Already
presentation diagnosis consequence reported
Somatotropic Pituitary GH Inappropriate No
axis deficiency explorations
Low IGF1 Possible
Low GH initiation of
inappropriate
GH treatment
in a child with
short stature
Pregnancy Absence of Delay in No
Low hCG pregnancy pregnancy
monitoring
Glucose Possible Inappropriate No
metabolism diagnosis complementary
Low insulin of insulin- explorations
Low dependent Possible
C-peptide diabetes in initiation of
hyperglycemic inappropriate
patients therapy
Missed
diagnosis of
hyperinsulinism
Prolactin NA Delayed No
Low diagnosis in
prolactin patients with a

true prolactin
adenoma

Reprinted with permission from Piketty et al. [22]. Copyright 2018,
De Gruyter
NA nonapplicable

between assays. For example, the biotin interference
threshold for free T4 in the Roche Elecsys assay is 20 ng/mL
(82 nmol/L), whereas it is 50 ng/mL (205 nmol/L) in the
Siemens Vista assay. Another caveat to consider is that some
biotin-streptavidin-based assays are designed with biotin
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TaBLE 6.2 Examples of five widely used hormone immunoassays
using streptavidin—biotin interaction

Hormone Company (analyzer)

assays Beckman Coulter Immuno diagnostic Ortho Clinical Roche (Cobas, Siemens (Dimension
(Access, DXi, DxC) system (Isys) Diagnostic (Vitros) Elecsys, Modular) Vista, ExI)

FT3 v v (286) + (205)

FT4 v /(82) + (205)

Total T3 v (41)

Total T4 v (409)

TSH v (20.5) v (102) (2050)

TRAb v (41)

SHBG v v (246)

Thyroglobulin v v (327)

PTH v + (20.5) +(205)

250H vit D + (300) v (61) + (286)

Cortisol v (41) v (123)

ACTH  (246)

Testosterone v (41) v (123)

Estradiol v (20.5) v (147) v

FSH v (41) v (246) v

LH v (20.5) v (205) v

Prolactin v (41) v (164) v

IGF1 + (300)

GH v (300) v(123)

C peptide v(246)

Insulin v (246)

Reprinted with permission from Piketty [22]. Copyright 2018, De
Gruyter

A “v/” mark indicates that the streptavidin-biotin interaction is used
asimmune complexes separation methodology. Biotin concentrations
(nmol/L) above which an erroneous result can happen are indicated
for each assay, when information is given in the reagent notices (i.e.,
concentration leading to bias above +10% of the target). In theory,
the analytes for which erroneous results occur at the lowest biotin
concentration are those that will be most frequently impacted facing
biotin supraphysiological intake. Dark rectangle, assay nonavailable
in the tests menu

pre-bound to streptavidin before the addition of the patient’s
sample, theoretically making them not susceptible to biotin
interference. Due to all of these confounding factors, it is
best to consult the laboratory that performed the testing to
determine the assay susceptibility to biotin, the threshold
for biotin interference, and the necessary wait times after
the last biotin dose when suspecting biotin interference.



Chapter 6. Bewildered by Biotin 61

Some laboratories might have means to troubleshoot and
confirm biotin interference as the culprit of the laboratory
abnormalities.

There is not a clear solution to resolve the biotin interfer-
ence problem. The biotin—streptavidin chemistry has been
used for many years in immunoassays without significant
issues until the recent uptake of excessive biotin consumption.
Advantages of using these assays include the increased
sensitivity and the superior reproducibility of the automated
systems. It is unlikely that all laboratories would move away
from these assays. However, laboratories could be proactive
by identifying which assays are affected by high doses of
biotin and provide this information at the time of ordering or
time of result reporting.

Overall, the effect of biotin on laboratory test results can
create some interesting pseudo-endocrine conditions due
to laboratory aberrations. As discussed above, the particular
pseudo-endocrine profile depends on the assays used, the
concentration of biotin in the blood, and the timing of
phlebotomy for the laboratory specimen in relation to
dosing of the biotin supplement. Sometimes the result is a
laboratory abnormality without clinical findings, but in
other cases, certain clinical signs and symptoms may make
the pseudo-endocrinopathy all that much more convincing
and/or confusing. We present here an assortment of cases of
pseudo-endocrinopathy related to biotin. These illustrate
how the laboratory alterations from biotin interference can
result in pseudo-thyroid abnormalities, including overt and
subclinical Graves’ hyperthyroidism, central
hyperthyroidism/thyroid hormone resistance, exogenous
over-replacement/thyroid excess and central
hypothyroidism/hypopituitarism, as well as a smattering of
other clinical scenarios, including pseudo-Cushing’s
Syndrome, pseudo-testosterone excess, and confusing
assessment of calcium disorders.
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Pseudo-Thyroid Abnormalities

Pseudo-Overt Hyperthyroidism
Due to Graves’ Disease

A 21-year-old woman was referred to endocrinology for a sec-
ond opinion regarding her recent diagnosis of subclinical hyper-
thyroidism. Her main complaints were enlargement and
swelling of the neck, weight gain over the past 2 months, heat
intolerance, and tremors. Laboratory evaluation revealed a
slightly suppressed TSH of 0.2 mIU/L (nl: 0.3-4.2) with a nor-
mal free T4 of 1.3 ng/mL (nl: 0.9-1.7). At a 1-month follow-up
visit, her thyroid function test results had become suggestive of
overt hyperthyroidism with further suppressed TSH but now
with elevated free T4 and elevated TRAD levels.

Test Result Reference interval
TSH 0.1 mIU/L 0.3-4.2

Free T4 1.7 ng/dL 0.9-1.7

TRAD 40 TU/L <1.75

After taking methimazole (10 mg daily) for 2 months, her
thyroid function tests remained unchanged. Because of her
high TRADb, radioactive iodine treatment was being consid-
ered. Evaluation of her medication history revealed she had
started taking a S000 mcg (5 mg) biotin capsule daily between
the initial and follow-up visits. Investigation of potential bio-
tin interference and measurement of thyroid function tests
with an immunoassay that is not affected by biotin revealed a
normal TSH of 1.4 mIU/L (nl: 0.3-4.2) with normal free T4 of
1.0 ng/mL (nl: 0.9-1.7). Troubleshooting of the TRAD result
by removal of biotin from the patient’s serum showed a
TRAD concentration of 11 TU/L, still elevated but signifi-
cantly lower than the result prior to biotin removal. She
remained on methimazole with regular follow-up.

This patient had true subclinical hyperthyroidism. The
apparent progression from subclinical to overt hyperthyroid-
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ism was caused by the introduction of biotin supplements
between the initial and follow-up visits. In this case, all immu-
noassays were affected by the presence of biotin. The TSH
assay was an immunometric assay resulting in a falsely low
TSH concentration in the presence of biotin, whereas the free
T4 and TRAD assays were competitive assays resulting in
falsely elevated free T4 and TRAD concentrations. The oppo-
site impact of biotin on these assays would produce a bio-
chemical profile that mimicked overt hyperthyroidism due to
Graves’ disease.

Pseudo-Subclinical Hyperthyroidism
Due to Graves’ Disease

A 65-year-old woman was found by her primary care physi-
cian to have an abnormal TSH of “0” mIU/L (0.47-4.68) with
normal free T4 of 1.1 ng/mL (nl: 0.8-2.2) and free T3 of
3.36 pg/mL (nl: 2.77-5.27). Her main complaints were of
weight gain and hair loss, but she also reported being newly
hot-natured and heat intolerant while in the past she had
been cold-natured. She denied tachycardia or tremors but
was taking atenolol 100 mg daily for hypertension. Her sleep
alternated between sound and disrupted. Her bowel function
was described as both constipation and diarrhea. She had
new complaints of progressive muscle weakness and more
frequent falls with activities of daily living. She was referred
to endocrinology for further evaluation. An abdominal CT
scan with contrast was completed the day prior to endocrine
evaluation for her complaint of unexplained weight gain and
was abnormal only for mild fatty infiltration of the liver.

Endocrine examination showed the patient to be obese
with a BMI 31.1 kg/m? blood pressure 122/76 and pulse 80.
She had thinning scalp hair, no thyroid eye changes, a normal
sized, somewhat firm thyroid gland, and warm, moist palms
but no tremor. Muscle stretch reflexes were difficult to elicit
and there were varicose veins with trace pitting edema.
Additional laboratory testing, done 2-3 weeks after the initial
abnormal tests were as follow:
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Test Result Reference interval
TSH 0.06 mIU/L 0.47-4.68

Total T3 170 ng/dL 80-190

Total T4 9.9 mcg/dL 5.0-12.5

FT4 index 104 meg/dL  4.8-12.7

TRAb 2.76 TU/L 0-1.75

Anti-Thyroperoxidase Abs 2.3 ITU/mL <9.0

Measuring of thyroid uptake was precluded by the iodine
load from the recent IV contrast. A thyroid ultrasound
showed the right lobe to measure 5.6 x 1.6 x 1.6 cm and left
lobe 5.2 x 1.6 x 1.6 cm, with normal echogenicity except for 2
sub-centimeter cystic nodules in each lobe.

The possibility of subclinical Graves’ disease versus a false
positive TRAD test was discussed with the patient. She was
offered observation versus a trial on anti-thyroid medication.
She reported a strong family history of thyroid disease in
many family members including her grandfather, siblings, and
daughter. That, along with hopes that her hair loss would
lessen, her strength would improve and perhaps weight gain,
or at least hunger, would lessen, prompted her to opt for a
trial on methimazole.

Over the next several months her thyroid levels showed
fluctuations, some of which did not seem to make sense (e.g.,
both fT4 and TSH concentrations were decreasing). The
methimazole doses were titrated up and down based on the
labs along with the patient’s reports of variable changes in
her symptoms.

The patient’s medication list included 5 mg (5000 mcg) of
biotin daily. She was asked to withhold the biotin supplement
for a few days. A subsequent TSH measured after a few days
without biotin was 71 mIU/L andTRADb was negative at
<1.00 IU/L. She was instructed to stop the methimazole and
thyroid function was monitored. Both fT4 and TSH have
remained normal with a TSH 1.7 mIU/L at last check. The
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initial laboratory abnormalities were due to biotin interfer-
ence. The assays used in this case consisted of a streptavidin—
biotin assay for TSH and TRAD but not for T4, fT3, total T4,
and total T3. The TSH assay was an immunometric assay
resulting in a falsely low result in the presence of biotin,
whereas the TRAD assay was a competitive assay resulting in
a falsely high result in the presence of biotin.

One endocrinologist noted a “run” on subclinical hyperthy-
roidism due to Graves’ disease in her practice. As in the above
case, the local laboratories used biotinylated TSH and TRAb
assays and non-biotinylated T4 and T3 assays. A common
clinical scenario was that a patient began taking biotin supple-
ments after noting hair loss. When the hair loss persisted, the
patient underwent further assessment by the primary care
clinician, gynecologist or dermatologist with findings of a low
to suppressed TSH but normal T4 and T3 levels (free or total).
Further evaluation by the endocrinologist then confirmed
suppressed TSH, normal T4, and T3 but elevated TRAD levels.
Often patients reported additional symptoms such as diffi-
culty sleeping, irritability, dyspnea on exertion, anxiety, and
unusual fatigue or restlessness. Many patients opted for a trial
on methimazole in hopes of reducing hair loss.

Interestingly, some patients were disappointed to learn
that they did not have a thyroid condition causing their com-
plaints but instead had a lab artifact caused by the biotin
supplements they were taking. Another concern was whether
the now normal TRAb and TSH represented remission after
methimazole therapy rather than normalization of the labo-
ratory measurement by excluding biotin interference.
Ongoing, more extended monitoring was therefore required
for some of these patients to be certain.

Patients with euthyroid multinodular goiter or thyroid nod-
ules can falsely appear to have toxic MNGs or toxic adenomas
in the presence of biotin supplements and a biotin sensitive TSH
assay. This can also be seen when monitoring patients on exog-
enous levothyroxine (L'T4) therapy. Biotin ingestion can result in
falsely low to suppressed TSH levels and make it appear that the
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patient has exogenous hyperthyroidism, leading to inappropri-
ate reductions of the LT4 dosage. Often, on follow-up, the TSH
will remain low or suppressed despite progressive reductions in
the dose of LT4 as described in the case below.

Pseudo-Exogenous Thyroid Excess/Thyrotoxicosis

A 58-year-old woman presented for follow-up evaluation of
postsurgical hypothyroidism. She had previously undergone a
thyroidectomy, with no subsequent radioactive iodine therapy,
for low-risk papillary thyroid cancer. On LT4 125 mcg daily, she
had complaints of insomnia and a serum TSH level of
<0.02 mIU/L (nl: 0.47-4.68). Her LT4 dose was reduced to
100 mcg daily, but the TSH remained <0.02 mIU/L. Despite
allowing time for recovery from suppression and reducing the
dose of LT4 further to 88 mcg daily, the TSH rose only to
0.02 mIU/L. After another LT4 dose reduction to 75 mcg daily,
the TSH level returned as <0.02 mIU/L. This was especially
puzzling since her body weight was nearly 90 kg, giving her an
estimated LT4 dose requirement much higher than she was
taking and during this time her FT4 level had dropped from
1.62 to 0.91 ng/mL (nl: 0.8-2.2). She was also experiencing pro-
gressive symptoms suggestive of hypothyroidism. The labora-
tory was asked to check for heterophile antibodies interfering
with the TSH assay, but none were identified. The TSH level
done at the same time as the heterophile antibody test was
0.25 mIU/L. Subsequently, she was asked about biotin supple-
ments. She was taking 20 mg (20,000 mcg) per day but had
never mentioned it during medication reconciliation processes
for either her primary care clinician or her endocrinologist.
After withholding biotin for 2 days, her TSH measured
1.34 mIU/L. Based on this patient’s biotin dose, a longer period
without biotin consumption would have allowed more com-
plete clearance of biotin and likely an even higher, more accu-
rate TSH result.

The rise in TSH concentration after withholding biotin
did indicate that biotin was the cause of the suppressed TSH
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result. Inconsistent or nonsensical changes in the TSH level,
such as decreasing rather than increasing levels after a sig-
nificant LT4 dose reduction, can serve as a clue to ask about
biotin supplementation. One clue to biotin interference with
measurement of TSH (and other assays) is unexplained fluc-
tuations in TSH concentrations that might correlate with the
timing of biotin consumption. If patients take biotin inter-
mittently and/or get their blood drawn at different times of
day (variable time since biotin ingestion resulting in variable
blood levels of biotin and thus variable interference with the
assay), they can have even more erratic fluctuations in their
TSH levels.

Pseudo-Central Hypothyroidism

A 60-year-old female presented with complaints of fatigue and
cold intolerance. Her internist had appropriately checked thy-
roid function with a resultant serum TSH of 0.01 mIU/L (nl:
0.47-4.68). Repeat testing showed low normal FT4 and FT3
and a persistently low TSH. She had extensive additional test-
ing that showed an inappropriately low FSH of 10 TU/L (post-
menopausal range: 16-157) and a low prolactin of 2.0 ng/mL
(nl: 4.8-23.3) but normal IGF-1 and cortisol levels. An MRI
was read as normal with no imaging abnormality in the region
of the hypothalamus or pituitary. The internist was perplexed
about these abnormalities and was uncertain about whether to
begin treatment for central hypothyroidism to see if her fatigue
and cold intolerance would improve. She then learned of the
effects that biotin supplements can have on some laboratory
assays. The patient acknowledged taking biotin supplements at
10 mg (10,000 mcg) per day. After holding the biotin for a few
days, the repeat measurement of TSH and prolactin revealed
levels within the normal range and the FSH level was appro-
priately elevated for postmenopausal status. In contrast to this
scenario, if the TSH assay is not biotinylated but the T4 and T3
assays are, central hyperthyroidism or thyroid hormone resis-
tance can be suspected.
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Pseudo-Central Hyperthyroidism/Thyroid
Hormone Resistance

A 42-year-old male patient was referred to a university endo-
crinology service because of markedly elevated FT4 of 2.8 ng/
dL (nl: 0.7-1.9) and T3 of 250 ng/dL (nl: 80-180) with a normal
TSH of 1.1 mIU/L (nl: 0.3-4.2). This pattern of lab abnormali-
ties had persisted on repeat testing at his local lab. He was
referred for endocrine consultation to see if he had thyroid
hormone resistance or a TSH-secreting pituitary adenoma. He
had no symptoms of thyroid excess nor of coexisting hypopi-
tuitarism. Testing at the university lab revealed normal FT4
1.2 ng/dL (nl: 0.8-2.2), total T4 of 8.9 mcg/dL (nl: 6-12), and
total T3 of 99 ng/dL (nl: 80-180) with a normal TSH.

The savvy faculty endocrinologist inquired about biotin,
learning that the patient was ingesting around 5 mg (5000 mcg)
per day. He then confirmed that the testing laboratories used
assays for FT4 and T3 that were biotinylated but an assay for
TSH that was not.

Pseudo-Cushing’s Syndrome

A 66-year-old woman presented to her new primary care
physician with complaints of unexplained weight gain and
coronal hair loss with new and increasing facial hair growth,
facial redness and peripheral edema over the preceding
1-2 years. Laboratory evaluation revealed marked elevation
of a random serum cortisol level of 46 mcg/dL (nl: 7-25) and
an elevated total testosterone of 179 ng/dL (nl: 8-60). Based
on these results, she was suspected to have adrenal carcinoma
and was scheduled for an adrenal CT scan along with an
urgent referral to endocrinology.

Additional history obtained by the endocrinologist included
a history of hypertension, fibromyalgia, and long-standing
coronal hair loss with only more recent facial hair growth and
redness. She had struggled with weight control for years but in
the past had been more easily able to lose weight. She com-
plained of increasing muscle weakness, fatigue, and edema.
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Her medication list included amlodipine 5 mg daily, prega-
balin 150 mg four times daily, Celecoxib 200 mg twice daily,
furosemide 20 mg daily, Klor-con 20 mEq daily, Minoxidil 2%
solution 1 drop applied twice daily, glucosamine 750 mg daily,
a vitamin B complex, a multivitamin, and biotin 5 mg
(5000 mcg) daily. In the past, she had received glucocorticoid
injections into her fibromyalgia trigger points but had not
had an injection for 2-3 years.

Her physical exam confirmed a BMI of 30.8 kg/m?, blood
pressure 150/90, thinning hair on top of the scalp, a round face
with a ruddy complexion and thick white hair growth on the
upper lip and cheeks. She had a small dorsal fat pad but no
supraclavicular fullness. There was abdominal obesity but no
striae and no hirsutism on the torso. Extremity exam did
reveal 1+ pitting edema but no thinning of the skin. The adre-
nal CT scan revealed normal adrenal glands bilaterally.
Repeat laboratory testing revealed normal laboratory test
results as shown below.

Test Result Reference interval
AM cortisol 6.7 mcg/dL 7-25

ACTH 18 pg/mL 72-63

Total testosterone 41 ng/dL 8-60

Free testosterone 0.6 ng/dL 0.3-1.9

Salivary cortisol <50 ng/dL. <50

Upon discussion, the patient reported that she had been
using minoxidil solution on her scalp for the past couple of
years, along with an herbal shampoo, to help reduce the coro-
nal hair loss. For the past year or so, she had added a Biotin
5000 mcg (5 mg) capsule daily along with a B-complex sup-
plement containing 3000 mcg (3 mg) of biotin in hopes of
further reducing the hair loss. Many of her Cushingoid signs
and symptoms were side effects of the minoxidil (red face,
facial hair growth, and edema), with the edema likely exacer-
bated by amlodipine treatment of hypertension. She had a
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history of fibromyalgia with weight gain following treatment
with pregabalin (Lyrica).

The initial laboratory abnormalities were due to the inter-
ference of biotin with both the cortisol and total testosterone
assays and the timing of the specimen collection (middle of
the day after taking biotin in the morning). The immunoas-
says used in this case were competitive assays, giving falsely
elevated results at the initial visit. Because of the significant
increase use of biotin supplements in recent years, assessing
patient medication lists for biotin consumption should be the
first step in an evaluation prior to ordering additional testing.
If biotin interference is suspected, the laboratory could be
contacted for troubleshooting. Alternative approaches
include asking the patient to abstain from taking biotin for
several days or even a week prior to testing or measuring
these analytes on an immunoassay or mass spectrometry
assay that does not use biotin in the assay design. The follow-
up (repeat) blood specimen on this patient was collected
fasting prior to her taking any medications or supplements.
The salivary cortisol was measured by mass spectrometry
which is not susceptible to biotin interference.

False Negative Pregnancy Testing

It is not difficult to anticipate other situations where clinical
signs and symptoms might suggest Cushing’s syndrome with the
potential for biotin interference with laboratory results to mis-
lead the evaluation. One such situation would be an adolescent
female presenting with weight gain, new striae and amenorrhea,
and mildly elevated cortisol levels. In the absence of biotin, a
positive pregnancy test would yield the correct “diagnosis.”
However, biotin supplementation can result in a falsely nega-
tive pregnancy test and sometimes marked elevations of blood
cortisol levels. This can result in a delay in recognizing the
underlying pregnancy and lead to further testing, including
imaging, which could have adverse effects on the fetus.
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Pseudo-Testosterone Excess

A T72-year-old male with Type 2 diabetes, chronic fatigue syn-
drome, and hypogonadism was referred to endocrinology for
help managing his testosterone replacement therapy. He had
an initial low testosterone of 123 ng/dL (nl: 280-1070) with no
measurement of LH or FSH. He was taking depot testoster-
one injections of 200 mg IM every 2 weeks as prescribed by
his primary care clinician. His nadir testosterone concentra-
tion on treatment was elevated at 1587 ng/dL (nl: 280-1070).
He denied taking extra doses of testosterone or having
increased the dose of the biweekly injection. He had no poly-
cythemia and a sex hormone binding globulin (SHBG) level
was in the low end of the reference interval. Despite reducing
the dose of depot testosterone, his testosterone blood concen-
trations remained elevated at >1200 ng/dL. The testosterone
injections were held for 1 month with testosterone concentra-
tions still being high normal. Eventually, it was discovered that
he had added a high dose biotin supplement because he had
experienced an increase in male-pattern hair loss with the
testosterone therapy. Withholding biotin allowed accurate
testosterone assessment, management, and monitoring of the
hypogonadism and testosterone replacement therapy.

The testosterone immunoassay, in this case, was a competi-
tive assay that resulted in false elevations of serum testoster-
one. Measurement of his testosterone by mass spectrometry
would have helped in troubleshooting the false elevations.
Biotin consumption should be ruled out during the initial
evaluation of testicular or ovarian function, but also during
ongoing monitoring of any replacement therapy or other
treatments. This can impact the diagnosis and management of
male patients with primary or secondary hypogonadism,
women being assessed for hirsutism or monitoring of andro-
gen deprivation therapy for prostate cancer or transgender
replacement therapy.
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Pseudo-Non-parathyroid Hypercalcemia

A 56-year-old woman was found to have an elevated serum
calcium level of 10.9 mg/dL (nl: 8.6-10.0) on a chemistry panel
performed during her annual exam with her primary clinician.
Repeat testing confirmed the hypercalcemia with a PTH level
near the lower end of the reference interval at 17 pg/mL (nl:
15-65) and a 25-hydroxyvitamin D level slightly above normal.
The patient denied taking any vitamin D supplements. She was
referred to endocrinology with a diagnosis of hypercalcemia
due to possible vitamin D toxicity of unknown source. In an
attempt to find a hidden source of vitamin D intake, the patient
was asked to bring in all of her medications, including over-the-
counter medications and supplements. No exogenous source of
vitamin D was found but it was noted that she was taking a
“mega-B” supplement as well as a “hair and nail” supplement
which together provided 15,000 mcg (15 mg) of biotin daily.
After withholding the biotin, repeat testing showed persistent
hypercalcemia but this time with a slightly elevated serum
PTH value of 78 pg/mL and a low normal serum 25-hydroxyvi-
tamin D level of 30 ng/dL. The correct diagnosis, therefore, was
hypercalcemia due to primary hyperparathyroidism. Biotin
interference with the PTH assay is similar to its effect on the
TSH assay, resulting in falsely low results.

Conclusions

As can be seen from these cases, biotin interference with
laboratory assays can cause a bewildering array of pseudo-
endocrine scenarios. Unfortunately, bewilderment is not the
only effect of this interference. The misleading laboratory
results can lead to clinical errors in diagnosis and/or manage-
ment with the potential for patient harm. This emphasizes the
need to ask about biotin supplements as part of medication
reconciliation history to mitigate the risk of clinical errors.
However, the biotin content in some supplements with unique
names or combination preparations may not be recognized by



Chapter 6. Bewildered by Biotin 73

the patient. In addition, patients can start taking biotin after
their initial assessment leading to confusing results on follow-
up monitoring, as seen in some of the above cases.

It is unlikely that biotin—streptavidin-based immunoassays
will disappear from clinical laboratories in the near future;
therefore, preparing an approach to prevent being bewil-
dered by biotin is advised. In addition to asking about biotin
ingestion at the time of an office or hospital visit, it is advis-
able that this be queried at the time of blood sample collec-
tion. It is important that biotin be held for an adequate
amount of time to allow clearance of the biotin, which will be
influenced by the biotin dose and the renal clearance status
of the patient. The prevention and detection of biotin-related
aberrant results will require open communication between
patients and clinicians as well as between clinicians and the
clinical laboratory in cases of suspected interference.
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Help, My Metabolism
Is Low!

Sean J. Iwamoto and Marc-Andre Cornier

Case

A 38-year-old woman with a history of hypothyroidism and
obesity comes to the primary care clinic for her annual physi-
cal exam and exclaims, “Help, my metabolism low!” Her
weight has been steadily increasing over the last 20 years.
A couple of months ago, her male friend suggested they “get
healthy” and try to lose weight together. They are using a
mobile application to track calories and physical activity. In
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the last month, she has focused on portion sizes and eating
more low-carb and low-fat foods. She is jogging 30 minutes
3—4 days per week and recently started a weight lifting regi-
men 2 days per week and barre workouts 1 day per week.
Even though the patient and her friend are doing similar
activities, her friend has lost 8 1b. (3.6 kg) but she has not lost
any weight yet. She is increasingly frustrated with herself and
blames her metabolism.

The woman continues to have regular monthly periods.
She takes levothyroxine and an oral contraceptive pill daily.
She denies taking any supplements or herbs. She has no fam-
ily history of heart disease, diabetes, or cancer, but both of her
parents have obesity.

On physical examination, her weight is 173 Ib. (78.5 kg)
and height is 62 inches (1575 cm) (body mass index,
BMI = 31.6 kg/m?). She is afebrile with a heart rate of 72
beats/min and blood pressure of 126/78 mmHg. Her abdomi-
nal circumference is 36 inches (91.4 cm). She has no thyro-
megaly or Cushingoid features. The rest of her examination is
also unremarkable.

Laboratory test results:

e TSH = 1.6 mIU/L
e Hemoglobin Alc =5.6%
e Pregnancy test = Negative

Discussion

Evaluation

Up to 70% of human obesity and the inter-individual variation
in body weight may be inherited predominantly in a polygenic
fashion [1, 2]. Secondary causes of obesity are very rare, and a
thorough history and physical exam can help raise or lower
suspicion for one of those causes. A pregnancy test should be
obtained in all females of reproductive age. A list of medica-
tions should be examined for the use of any that are associated
with weight gain such as glucocorticoids, diabetes medications
(e.g., insulin, thiazolidinediones, sulfonylureas), first- and sec-
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ond-generation antipsychotics, antidepressants, other mood
stabilizers, and progestins. Aside from measuring a serum TSH,
particularly in someone with a history of hypothyroidism and/
or taking thyroid hormone replacement, screening for other
endocrine disorders (e.g., hypothalamic obesity, Cushing’s syn-
drome, polycystic ovarian syndrome, hypogonadism, growth
hormone deficiency or pseudohypoparathyroidism) should
only be performed if clinical suspicion is high based on the
patient’s history and physical exam. On the other hand, evalu-
ation of obesity-related comorbidities or diseases should
include fasting glucose and/or hemoglobin A1C for prediabe-
tes and diabetes, liver-associated enzymes for nonalcoholic
fatty liver disease, blood pressure for hypertension, and fasting
lipids for dyslipidemia [3, 4]. As overweight and obesity are
associated with about 40% of all cancers diagnosed and rates
are higher among females and those aged >50 years, sex- and
age-appropriate cancer screenings need to be addressed [5].
Other comorbid conditions, which can be identified by history
and physical exam, include obstructive sleep apnea, osteoar-
thritis, and depression to name a few.

“Low Metabolism”

The observation that many people fail to lose weight despite
reports of calorie restriction led to the hypothesis that obe-
sity is related to lower rates of energy expenditure or hypo-
metabolism. However, data from studies analyzing 24-hour
energy expenditure measured by indirect calorimetry in the
1980s-1990s were conflicting [6-8]. A review of studies since
then sheds light on the concepts that people with obesity, in
fact, have higher absolute resting energy expenditure (REE)
and total daily energy expenditure (TDEE) compared to
those with normal weight, and that controlling for fat-free
mass (the metabolically active component) suggests that
these values are similar between patients with obesity and
normal-weight individuals [9]. A review of studies assessing
physical activity-related energy expenditure (PAEE) in
people with or without obesity revealed that those with
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obesity have higher PAEE, but may perform less activity
than those without obesity [10]. On the other hand, a small
reduced thermic effect of food may be related to obesity-
associated insulin resistance and reduced sympathetic ner-
vous system activity [11]. It must also be emphasized,
however, that while REE and body mass (fat-free mass
[FFM] and fat mass [FM]) are highly correlated in women
(FFM r = 0.65 and FM r = 0.63, both P < 0.001) and men
(FFM r = 0.62 and FM r = 0.48, both P < 0.001), there is
clear variability in REE for a given body mass, with FFM
accounting for 60-85% of the inter-individual variability
in REE [12].

Genetics and Epigenetics

As mentioned above, up to 70% of the variation in body
weight may be inherited and primarily in a polygenic fashion.
Monogenic causes of obesity, on the other hand, account for
a very small proportion of obesity and involve single-gene
mutations in corticotropin-releasing hormone receptors 1
and 2, G-protein-coupled receptor 24, leptin, leptin receptor,
melanocortin 3 and 4 receptors, neurotrophic tyrosine kinase
receptor type 2, proopiomelanocortin, proprotein convertase
subtilisin/kexin type 1, and single-minded homolog 1 [13].
Large-scale genome-wide association studies (GWAS) have
identified over 300 loci for obesity traits including adiposity,
BMI, and the waist-to-hip ratio [1]. The FTO locus has the
largest, but still small, effect on obesity susceptibility; each
risk allele increases the risk of obesity by 1.20-1.32-fold, and
BMI by 0.37 kg/m* Nonetheless, all known BMI-associated
genetic variants account for <5% of the variation in
BMI. More studies are being published about the associative
role of epigenetic processes (e.g., DNA methylation, histone
modification, and non-coding RNAs that switch genes on/off
without changing the DNA sequence) on obesity susceptibil-
ity. Future studies may help to clarify if causal roles are
uncovered.
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Energy Balance (or Energy Homeostasis)

Weight stability occurs when total daily energy intake equals
TDEE. Weight gain results from the imbalance (i.e., more
energy intake than expenditure) over time of these two com-
ponents (See Fig. 71). TDEE is linearly related to lean body
mass, yet people with obesity consume more calories than
lean people because high caloric intake is required to main-
tain the state of obesity. Even though patients, like the one in
this case, say they are monitoring calories or eating smaller
portions, gaining or remaining the same weight is indicative
that they are still having a higher or equal energy intake as
compared to their TDEE. Overweight and obesity are associ-
ated with significant under-reporting of energy intake which
may contribute to the energy imbalance.

Energy intake is regulated by a complex interaction of
physiologic inputs from neurologic and endocrine signals, gut
microbiota, external stress, emotional factors, and certain

Energy intake Energy expenditure
Neurologic signals Resting energy expenditure
Endocrine signals Thermic effect of feeding
Gut microbiota Controlled ambient temperatures
External stress Lack of sleep/shift work
Emotional factors Physical activity-related energy
Medications expenditure

Organizational

FiGure 7.1 Using the social-ecological model to demonstrate
the complex interrelationship of personal and environmental factors
on energy balance. (Adapted with permission: Gonzalez-Muniesa
et al. [1]. Publisher: Springer Nature)
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medications (e.g., antidepressants and glucocorticoids).
Complex molecular signaling allows for communication
between adipose tissue, skeletal muscle, the gastrointestinal
tract (including the liver and pancreas), and the central ner-
vous system. There appear to be alterations in the physiologic
regulation of energy intake in individuals with and at risk of
obesity, including resistance to peripheral hormones such as
leptin. Energy expenditure is comprised of REE (i.e., basal
metabolic rate [BMR]), thermic effect of feeding, controlled
ambient temperatures, lack of sleep or shift work, and
PAEE. The BMR is the amount of energy required to main-
tain homeostasis of the body’s temperature, electrolytes, and
the cardiopulmonary system [14]. The thermic effect of feed-
ing represents about 5-10% of energy expenditure. Physical
activity-related energy expenditure is the most variable com-
ponent of TDEE as it can be 10-20% in sedentary people or
up to 60-80% in training athletes. Planned physical activity
and activities of daily living will increase PAEE. Reduced
PAEE may also increase the risk of obesity by offsetting the
energy balance in favor of energy intake. On the contrary,
people with obesity do not have reduced BMR or “low
metabolism.” Their excess caloric intake is stored as adipose
tissue, which is the primary source of fuel during periods of
energy deficit.

Management

Our patient has obesity as defined by a BMI of >30.0 kg/m?
and deserves acknowledgment for her efforts to lose weight
and improve her health. Independent of her weight, following
a healthy dietary pattern and an active lifestyle is associated
with better overall health and wellness. This must be empha-
sized. It is not productive to simply accuse her of eating more
than she thinks, but rather she should be educated on the
complexities of how a decrease in energy intake and/or
increase in energy expenditure are necessary for weight loss.
Primary care approaches to weight loss utilizing motivational



Chapter 7. Help, My Metabolism Is Low! 83

interviewing and the “5 A’s” framework for behavioral
change counseling (i.e., assess, advise, agree, assist, arrange)
may help providers maximize their impact on obesity treat-
ment but more controlled studies on outcomes are needed
[15, 16]. Recently, a structured “ABCDEF” framework for
weight counseling in primary care was proposed: Ask “per-
mission,” Be systematic in the clinical workup, Counseling
and support, Determine health status, Escalate treatment
when appropriate, and Follow up regularly and leverage
available resources [17]. As mentioned above, it is advised
that cardiovascular disease risk factors and obesity-related
comorbidities be evaluated and discussed. Weight loss can be
very difficult for patients and it is important for providers to
understand patients’ motivation for weight loss and support
realistic expectations. Health benefits can be seen with 3-5%
sustained weight loss and cardiovascular risk reduction can
be attributed to 5-10% weight loss. However, these percent
weight losses associated with health benefits may feel insig-
nificant to patients when compared to their individual weight
loss goals.

Several tools exist to help patients lose weight, including
comprehensive lifestyle intervention programs (e.g., Diabetes
Prevention Program or MOVE! Weight Management
Program [Veterans Health Administration]), commercial
weight loss programs, meal replacements, and pharmaco-
therapy (if BMI > 30.0 kg/m? or a BMI of 270-29.9 kg/m?
with at least one obesity-related comorbidity). Bariatric sur-
gery can also be offered (if BMI >40.0 kg/m? or BMI >35.0kg/
m? with at least one obesity-related comorbidity, or possibly
if BMI is 30.0-34.9 kg/m? with diabetes or metabolic syn-
drome) [18]. There are also emerging data on the impact of
endoscopic bariatric therapies for weight loss [19].

Calorie Restriction and Diet Composition

To achieve weight loss, a patient needs to create a calorie
deficit through dietary modification (i.e., calorie restriction),
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physical activity, or a combination of the two. Despite
tracking calories via mobile applications, it has been previ-
ously shown that patients with obesity under-report their
caloric intake (and over-report physical activity) [20]. Calorie
prescriptions of approximately 1200-1500 kcal/day for
women and 1500-1800 kcal/day for men may help some
patients achieve their goal of >500 kcal/day deficit for weight
loss. Alternatively, the Harris—Benedict equation can esti-
mate TDEE (based on height, weight, age, gender, and activ-
ity level) from which a calorie prescription can be developed.
Despite trying to eat more low-carb and low-fat foods, our
patient needs to realize that a specific macronutrient compo-
sition of her diet will not increase her weight loss in the set-
ting of calorie restriction. Additionally, the low-carb and
low-fat diets she reports eating may not be getting her to the
required calorie deficit for weight loss. It is noteworthy that
high rates of weight regain exist in those who achieve even a
modest 5-10% weight loss with guideline-recommended
caloric restriction and comprehensive behavioral
modification.

Alternative dietary interventions such as intermittent fast-
ing (including alternate-day fasting [ADF]) and time
restricted feeding (TRF) are being studied for their potential
weight loss and overall health benefits. ADF involves the
“fast day” (0-25% of caloric needs) alternating with the “fed
day” (ad libitum food consumption) and may reduce diabetes
and cardiovascular disease risk. TRF consists of restricting
feeding to only certain periods of the day. A recent 8-week
randomized pilot study in patients with obesity demonstrated
that a zero-calorie ADF was safe and, compared to tradi-
tional caloric restriction, produced similar weight loss (8.2 +
0.9 vs. =71 + 1.0 kg) and was not associated with a significant
difference in weight regain at 24 weeks [21]. A 12-week, 8-hr
TRF intervention (ad libitum feeding between 10:00 AM and
6:00 PM, water fasting between 6:00 PM and 10:00 AM) dem-
onstrated significant decreases in body weight (=2.6 + 0.5%,
P < 0.05), energy intake and systolic blood pressure com-
pared to matched historical controls [22]. Studies of longer
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duration are being performed but need to be completed to
better understand whether these interventions are viable
long-term treatment options.

Guidelines recommend increased aerobic physical activity
(e.g., brisk walking) for >150 min/week for weight loss and
200-300 min/week to maintain weight loss or minimize
weight regain at 1 year [3]. Although our patient should be
advised to increase her amount of aerobic physical activity by
an additional 30-60 min/week, dietary modification through
calorie restriction will most effectively create the calorie defi-
cit needed for weight loss and should be advised.

“Can You Prescribe Something to Boost
My Metabolism and Help Me Lose Weight?”

Even if our patient has a relatively low metabolism, we do not
currently have safe treatments to increase the metabolic rate.
Although body weight modestly decreases following treat-
ment of hypothyroidism (and increases following treatment
for hyperthyroidism), giving thyroid hormone to euthyroid
patients with obesity has not been shown to impact weight
loss in small, short-term studies of T3 and/or T4 regimens, but
may risk causing subclinical hyperthyroidism [23, 24], which
can increase the risk of developing atrial fibrillation and
osteoporosis. Methylphenidate, classically used to treat atten-
tion deficit hyperactivity disorder and narcolepsy, increases
REE and postprandial energy expenditure but should not be
used in patients without these neuropsychiatric disorders [25].

We have FDA-approved anti-obesity medications (in
addition to endoscopic and bariatric procedures) for those
who qualify based on BMI + weight-related comorbidities as
discussed above [26]. These should be prescribed when indi-
cated and as an adjunct to behavioral/lifestyle interventions.
In this case, our patient could be trialed with anti-obesity
pharmacotherapy given her BMI > 30.0 kg/m? These medi-
cations regulate appetite and energy expenditure through
various mechanisms: sympathomimetics (e.g., phentermine,
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phentermine-topiramate ER), GABA receptor activation
(phentermine-topiramate ER), serotonin (5-HT2C) receptor
agonist (e.g., lorcaserin), opioid antagonist + dopamine-
norepinephrine reuptake inhibitor (e.g., naltrexone-
bupropion), and GLP-1 receptor agonist (e.g., liraglutide).
Orlistat, which inhibits pancreatic and gastric lipase, pro-
duces more modest weight loss and significant gastrointesti-
nal side effects.

There are non-prescription compounds touted in the lay
literature as being “metabolism boosters.” Caffeine has been
shown to increase energy expenditure and decrease energy
intake, but not consistently, and there are suggested sex/gen-
der and BMI-related differences in the metabolism and
energy effects of caffeine that need further investigation [27].
A meta-analysis of small, short-term (as few as just a single
meal intervention) studies of capsaicinoids (e.g., chili pep-
pers) showed an overall reduction in energy intake, but there
was high study heterogeneity and the larger, longer studies of
4-6 weeks duration did not show significant change in energy
intake [28].

Patient education and engagement are key to establishing
a good provider-patient relationship. Understanding patients’
concerns about and overall goals for their weight is important
in order to dispel myths and make evidence-based manage-
ment decisions to balance harms with benefits when it comes
to weight loss.

Take-Home Points

1. Most of the inter-individual variation in body weight
may be inherited (polygenic); monogenic causes of
obesity are very rare.

2. People with obesity have higher absolute resting
energy expenditure (REE) and total daily energy
expenditure (TDEE) compared to those with normal
weight but controlling for fat-free mass (the meta-
bolically active component) causes these values to
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become similar between patients with obesity and
normal-weight individuals. Also, for a given body
mass, there is significant variability in REE among
individuals.

3. Weight stability occurs when total daily energy intake
equals TDEE; weight gain is the result of higher
energy intake than expenditure.

4. To achieve weight loss, a patient needs to create a
calorie deficit through dietary modification (i.e., calo-
rie restriction), physical activity, or a combination of
the two; however, patients often under-report their
calorie intake.

5. FDA-approved anti-obesity medications (in addition
to endoscopic and bariatric procedures) exist for
those who qualify based on BMI = weight-related
comorbidities. Avoid prescribing other medications or
over-the-counter supplements (“metabolism boost-
ers”) for weight loss, as long-term data on safety and
efficacy are lacking.
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Idiopathic Postprandial
Syndrome

Helen M. Lawler

Case

A 42-year-old woman has been experiencing episodes of
tremulousness, palpitations, diaphoresis, headache, and men-
tal fogginess which occur a few hours after meals. She
recently had these symptoms about 2 hours after eating
watermelon and sugar cookies. A glucometer was given to
her and she documented blood glucose readings of 65 mg/dL,
110 mg/dL, and 85 mg/dL during these episodes. She under-
went a mixed meal tolerance test that was normal.
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PMHx: GERD Meds: omeprazole, multivitamin

PE:  BP125/80, P85, Ht5'5” Wt 1301b
Complete exam — normal

Labs: TSH 1.5 mU/L (nl: 0.45-4.5)

Normal 24-hour urine fractionated metanephrines
and catecholamines

Normal CMP with glucose of 80 mg/dL.

Questions

What are typical hypoglycemic symptoms?

How do we evaluate hypoglycemic symptoms?

What causes hypoglycemia in nondiabetic individuals?
How do we help our patient feel better?

Comments

Hypoglycemia can cause both neurogenic (or autonomic)
and neuroglycopenic symptoms. Neurogenic symptoms
include adrenergic signs (palpitations, anxiety, tremulous-
ness) and cholinergic signs (diaphoresis, hunger, paresthesias)
[1]. Neuroglycopenic symptoms include fatigue, confusion,
behavioral change, and loss of consciousness [1]. In healthy
individuals, hypoglycemic symptoms often develop at a mean
plasma glucose concentration of approximately 55 mg/dL
(3.0 mmol/L). Yet, the threshold for experiencing symptoms
occurs at lower plasma glucose concentrations in patients
with recurrent hypoglycemia. Also, many healthy individuals
do not experience symptoms even with lower plasma glucose
concentrations. Thus, a diagnosis of hypoglycemia in a non-
diabetic individual is defined by the presence of Whipple’s
triad [2]: (1) Hypoglycemic symptoms, (2) While symptoms
are occurring, documented hypoglycemia, (3) Resolution of
hypoglycemic symptoms with euglycemia. A normal initial
physiologic response to declining blood glucose is a decrease
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in insulin secretion. Other counter-regulatory hormones,
including glucagon and epinephrine, increase in response to
hypoglycemia. Although not present acutely, cortisol and
growth hormone provide a delayed counter-regulatory
response to hypoglycemia.

If unable to capture labs during the outpatient setting,
patients who have Whipple’s triad should undergo a 72-hour
fast to evaluate for an insulinoma which causes hyperinsulin-
emic hypoglycemia. During a 72-hour fast, plasma glucose is
monitored closely and insulin, c-peptide, proinsulin,
B-hydroxybutyrate, and a screen for circulating oral hypogly-
cemic agents are obtained if hypoglycemia occurs.
Hyperinsulinemic hypoglycemia is characterized by glucose
<55 mg/dL, insulin >3 pU/mL, c-peptide >0.2 nmol/L, and
proinsulin >5 pmol/L [3]. If hypoglycemia occurs, before con-
cluding the 72-hour fast, 1 mg of glucagon is given intrave-
nously and glucose is measured 10, 20, and 30 minutes after
the injection. If an insulinoma is present, a glucose rise of
>25 mg/dL (1.4 mmol/L) is anticipated. This is because ele-
vated insulin levels inhibit hepatic glycogenolysis and con-
serve liver glycogen stores. Administration of glucagon causes
the release of glucose from the preserved hepatic glycogen
stores [3]. Besides an insulinoma, hyperinsulinemic hypogly-
cemia can also occur with post-bariatric hypoglycemia (PBH),
non-insulinoma pancreatogenous hypoglycemia syndrome
(NIPHS), insulin autoimmune hypoglycemia, insulin admin-
istration, and sulfonylurea or meglitinide use (Table 8.1) [3].
Yet, patients with PBH and NIPHS usually only experience
postprandial hypoglycemia and the 72-hour fast is negative.

Hypoglycemia with low insulin levels can occur with severe
liver disease, critical illness, starvation, alcohol use, adrenal
insufficiency (due to hypopituitarism, Addison’s disease, or
congenital adrenal hyperplasia), glycogen storage disease or
other hepatic enzyme defects, non-islet cell tumors, or
Jamaican vomiting sickness due to consumption of an unripe
ackee fruit (Table 8.1) [3]. Certain medications have also been
reported to cause hypoglycemia including tramadol, indo-
methacin, pentamidine, quinolones, quinine, angiotensin-
converting enzyme inhibitors, and beta blockers [4, 5].
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TaBLE 8.1 Causes of hypoglycemia

Hyperinsulinemic hypoglycemia

Noninsulin-mediated
hypoglycemia

Insulinoma

Noninsulinoma pancreatogeneous
hypoglycemia (NIPHS)

Post-bariatric hypoglycemia (PBH)

Exogenous insulin

Insulin secretagogue (sulfonylurea,
etc.)

Insulin autoimmune (antibody to
insulin or insulin receptor)

Factitious hypoglycemia (via
insulin or insulin secretagogue
administration)

Nondiabetic drugs

Critical illness (sepsis;
hepatic, renal, heart failure)

Starvation

Alcohol

Glycogen storage diseases
or other hepatic enzyme
defects

Adrenal insufficiency

Non-islet cell tumors

Consumption of unripe
ackee fruit (Jamaican
vomiting sickness)

Nondiabetic drugs

Patients with postprandial hypoglycemic symptoms are
often told they have reactive hypoglycemia or postprandial
hypoglycemia. Yet, reactive or postprandial hypoglycemia is
a nonspecific term referring to hypoglycemia (glucose
<55 mg/dL) that occurs up to 4 hours after a meal [6]. This
terminology is purely a description of the timing of a hypo-
glycemic event and an evaluation for a possible etiology
should be pursued. NIPHS and post-bariatric hypoglycemia
occur primarily postprandially. Yet, postprandial hypoglyce-
mia can also occur with insulinoma and the other causes of
hypoglycemia listed in Table 8.1 [3]. Thus, the timing of the
hypoglycemia in relation to meals is not always a reliable
indicator of the etiology.

There are also reports of reactive hypoglycemia occurring
as a consequence of upper gastrointestinal surgery including
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gastrectomy, gastroenterostomy, or vagotomy and pyloro-
plasty [7]. Yet, many of these studies used the discredited oral
glucose tolerance test to diagnose hypoglycemia. An oral
glucose tolerance test (OGTT) is not recommended as part
of the evaluation for hypoglycemia as hypoglycemia occurs at
similar percentages in patients with hypoglycemic symptoms
and asymptomatic control patients [8]. In addition, there is
speculation that reactive hypoglycemia may occur in patients
with early insulin resistance from type 2 diabetes mellitus.
The proposed mechanism is that hypoglycemia results from a
robust insulin response to a rapid rise in plasma glucose after
glucose ingestion. Yet, studies are needed to further investi-
gate this theory.

In patients with a history suggestive of postprandial hypo-
glycemia, a mixed meal tolerance test (MMTT) is recom-
mended. During the MMTT, the patient consumes a solid or
liquid meal that usually provokes symptoms and is then
observed for up to 5 hours. Plasma glucose, insulin, proinsu-
lin, and c-peptide levels are obtained at baseline and every
30 minutes for 5 hours.

In conclusion, idiopathic postprandial syndrome refers
to hypoglycemic symptoms that occur without chemical
evidence of hypoglycemia. Once other etiologies for hypo-
glycemic symptoms are excluded such as hyperthyroidism,
pheochromocytoma, and migraines, then it would be appro-
priate to identify hypoglycemic symptoms without chemi-
cal hypoglycemia (and thus, absent Whipple’s triad) as
idiopathic postprandial syndrome. This terminology was
created to replace the obsolete and confusing “functional
hypoglycemia” terminology and to avoid the negative con-
notation of “pseudohypoglycemia.” In addition, “pseudohy-
poglycemia” has been used in the literature to describe a
disparity in actual versus measured plasma or capillary
glucose levels [9]. Frequently, underlying anxiety, neuropsy-
chiatric disease, or situational stress reactions are the real
culprits of idiopathic postprandial syndrome which the
patient characterizes or self-diagnoses as reactive hypogly-
cemia [10].
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Discussion with Patient

Honesty “Since your blood sugar is normal during these
episodes, it is unlikely that your symptoms are due to
hypoglycemia. Also, I have completed all of the appropriate
tests for other endocrine problems that could cause your
symptoms and have not found an endocrine disorder.”

Encouragement “While we did not find an endocrine cause
for your symptoms, the good news is your test results did not
reveal any serious condition. I have had some other patients
with similar symptoms have an improvement in their episodes
with lifestyle modification.”

Compassion “1 hope that your symptoms will resolve soon
with healthy lifestyle measures. I am certainly willing to
pursue further testing if new symptoms develop. We can also
repeat testing in the future if indicated.”

Recommendations

Patients with idiopathic postprandial syndrome are often
provided with the same recommendations for dietary modifi-
cations as those given to patients with reactive hypoglycemia
due to gastric bypass surgery. They are advised to eat small
frequent meals that are high in protein and fiber and to avoid
simple sugars. In addition, regular exercise, adequate sleep,
and other lifestyle changes to reduce stress are recom-
mended. Screening for depression with referral for treatment,
if present, is also important. Although there is little data to
support using an alpha-glucosidase inhibitor such as acarbose
in patients with idiopathic postprandial syndrome, a trial
could be initiated to see if reducing carbohydrate absorption,
and thus, blunting the insulin response to food helps alleviate
symptoms [11].



Chapter 8. Idiopathic Postprandial Syndrome 97

References

6.

. Cryer PE. Minimizing hypoglycemia in diabetes. Diabetes Care.

2015:38(3):1583-91.

. Whipple AO. The surgical therapy of hyperinsulinism. J Int Chir.

1938;3:237.

. Cryer PE, Axelrod L, Grossman AB, Heller SR, Montori VM,

Seaquist ER, Service FJ. Evaluation and management of adult
hypoglycemic disorders: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2009;94(3):709-28.

. Murad MH, Coto Yglesias F, Wang AT, Mullan RJ, Elamin

M, Sheidaee N, Erwin PJ, Montori VM. Drug-induced hypo-
glycemia: a systematic review. J Clin Endocrinol Metab.
2009;94:741-5.

. Golightly LK, Simendinger BA, Barber GR, Stolpman NM, Kick

SD, McDermott MT. Hypoglycemic effects of tramadol anal-
gesia in hospitalized patients: a case-control study. J Diabetes
Metab Disord. 2017;16:30.

Brun JF, Fedou C, Mercier J. Postprandial reactive hypoglyce-
mia. Diabetes Metab. 2000;26(5):337-51.

7. Kurihara K, Tamai A, Yoshida Y, Yakushiji Y, Ueno H, Fukumoto

8.

10.

11.

M, Hosoi M. Effectiveness of sitagliptin in a patient with late
dumping syndrome after total gastrectomy. Diabetes Metab
Syndr. 2018;12:203-6.

Charles MA, Hofeldt F, Shackelford A, Waldeck N, Dodson LE
Jr, Bunker D, Coggins JT, Eichner H. Comparison of oral glu-
cose tolerance tests and mixed meals in patients with apparent
idiopathic postabsorptive hypoglycemia: absence of hypoglyce-
mia after meals. Diabetes. 1981;30(6):465-70.

. Lee KT, Abadir PM. Failure of glucose monitoring in an

individual with pseudohypoglycemia. J Am Geriatr Soc.
2015;63(8):1706-8.

Berlin I, Grimaldi A, Landault C, Cesselin F, Puech AJ. Suspected
postprandial hypoglycemia is associated with beta-adrenergic
hypersensitivity and emotional distress.J Clin Endocrinol Metab.
1994;79(5):1428-33.

Ozgen AG, Hamulu F, Bayraktar F, Cetinkalp S, Yilmaz C,
Tazin M, Kabalak T. Long-term treatment with acarbose for
the treatment of reactive hypoglycemia. Eat Weight Disord.
1998;3(3):136.



®

Check for
updates

Chapter 9
Pseudohypoglycemia

Fadi Aboona, Sulmaz Zahedi, and S. Sethu K. Reddy

The discovery of insulin and other hypoglycemic agents and
the ability to measure glucose accurately has led to concern
and delineation of hypoglycemic syndromes [1-3]. In this
short overview of the clinical phenomenon of pseudohypo-
glycemia, we hope to provide a framework for approaching
these patients.

[lustrative Cases

Case 1: A patient presents with symptoms of fatigue to an
ambulatory center. She has documented myasthenia gravis
and Raynaud’s phenomenon. A capillary glucose level is found
to be low at 40 mg/dL. She is then investigated for fasting
hypoglycemia. During the fast, capillary glucose levels were
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checked and found to be in the 35-40 mg/dL range. Of note,
venous plasma glucose levels were 80-90 mg/dL. A diagnosis
of pseudohypoglycemia secondary to poor peripheral
circulation due to the patient’s Raynaud’s phenomenon was
made [4].

Case 2: A 24-year-old African-American female comes to
the Emergency department complaining of fatigue, lethargy,
reduced exercise tolerance, and syncope. She has a history
of multiple syncope events throughout her life and these
have recently increased. She was advised to keep herself
hydrated and was counseled on performing certain
maneuvers such as leg crossing and hand gripping to
increase blood pressure and reduce the likelihood of
syncope. A capillary blood glucose was measured as part of
the routine medical evaluation in the Emergency department
and was in the 35-40 mg/dL range (normal >70 mg/dL).
However, her plasma glucose was found to be in the normal
range. She did not experience any symptoms related to
hypoglycemia such as sweating, shakiness, and hunger. She
was started on a Dextrose 10% infusion. An abnormal ECG
led to an echocardiogram demonstrating a left-to-right
cardiac shunt confirming the diagnosis of Eisenmenger
syndrome. The diagnosis of pseudohypoglycemia secondary
to increased capillary extraction of glucose peripherally [5]
was made.

Case 3: A patient with uncontrolled type 2 diabetes with
an HbAlc of 13% is placed on insulin therapy and the
blood sugars are now in the 150-250 mg/dL range compared
to the baseline range of 250-400 mg/dL. During the
follow-up visit in 4 weeks, the patient complains of hunger,
sweating, and tachycardia when his glucose levels drop to
near 130 mg/dL. Symptoms seem to be resolved with glucose
ingestion. The patient is anxious about increasing insulin
doses further.
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TaBLE 9.1 Classification of pseudohypoglycemia
Pseudohypoglycemia Pseudohypoglycemia

type 1 type 2
(PHG-1) (PHG-2)
Symptoms of Adrenergic > No symptoms
hypoglycemia  neurogenic
Glucose levels  >70 mg/dL <70 mg/dL
Etiologies Relative hypoglycemia  Poor peripheral
in patients with circulation

diabetes mellitus

Postprandial state in Increased in vitro

some glucose consumption
Hyperviscosity
Artifactual

glucometer readings

Pseudohypoglycemia is classically defined as a scenario
(similar to Case 3) in which the individual may be displaying
symptoms suggestive of hypoglycemia but the plasma glucose
levels are greater than 70 mg/dL. We can extend the defini-
tion to also include a variation in patients presenting with
glucose values below 70 mg/dL but with no symptoms of
hypoglycemia. We can title these syndromes as pseudohypo-
glycemia type 1 (PHG-1) and pseudohypoglycemia type 2
(PHG-2) respectively [6]. See Table 9.1 for clarification of
these two subtypes of pseudohypoglycemia.

Clinical Approach to Patients
with Pseudohypoglycemia

The gold standard for hypoglycemia remains the documenta-
tion of Whipple’s triad (symptoms of hypoglycemia, confirma-
tion of a low blood glucose value, and reversal of the patient’s
symptoms with glucose administration). Without fulfillment of
these criteria, true hypoglycemia is questionable [7].
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When should one suspect pseudohypoglycemia [8]? What
clinical scenarios have been described in which pseudohypo-
glycemia is the diagnosis [9]?

With pseudohypoglycemia type 1 (PHG-1), patients may
present with nonspecific symptoms such as fatigue, headache,
visual disturbances, and lightheadedness. They also may have
tremors, increased diaphoresis, or increased heart rate. Some
patients may present with neuroglycopenia and complain of
slurred speech, confusion, and, rarely, seizures, in which case
further workup is required. Since the glucose levels are normal
in PHG-1, then true neuroglycopenia should be very unlikely
[10]. For patients with PHG-1, the clinician should patiently,
gradually reduce the blood glucose levels, giving the body
ample time to acclimatize to normal blood glucose levels.

Patients with diabetes can present with primarily adrenergic
symptoms of hypoglycemia at relatively higher serum glucose
levels during periods of aggressive glucose control [11, 12]. For
example, a patient may be accustomed to having hyperglyce-
mia over 300 mg/dL but when the glucose levels improve to
approximately 150 mg/dL range, the patient may experience
anxiety and adrenergic symptoms [13]. The chronic hypergly-
cemia alters the “set point” at which hypoglycemic symptoms
become apparent. There is no danger of true neuroglycopenia,
and the patient’s symptoms are relieved with glucose ingestion.
As the body acclimatizes to lower blood glucose levels, the
patient stops experiencing these symptoms at these relatively
high blood glucose levels. This phenomenon is referred to as
“pseudohypoglycemia” because the serum glucose may be
within normal range despite symptom presentation.

In pseudohypoglycemia type 2 (PHG-2), there are typi-
cally no or only vague symptoms. For PHG-2, one must
always rule out technical/methodological errors first.
Increased glucose utilization or extraction peripherally via
erythrocytes or leucocytes must also be considered.

The most common causes are glucose monitoring analytic
errors [14]:

1. Decreased capillary flow resulting in increased local extrac-
tion and metabolism of glucose: Raynaud phenomena [15],
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Acrocyanosis[16],Peripheral vascular disease, Eisenmenger
syndrome, Circulatory shock.

. Increased glycolysis by leucocytes [17] and red blood cells
(RBC) when there is a delay in analyzing the blood sample
or separating plasma from the blood sample. Blood sam-
ples are collected for a variety of reasons and may need to
be transported to an outside laboratory. Delays in trans-
portation can lead to biases between glucose meters and
laboratory methods due to glycolysis. Erythrocytes metab-
olize glucose, reducing the glucose concentration in a sam-
ple at a rate of 5-7% per hour as long as the serum/plasma
remains in contact with the RBC. The rate of glycolysis by
leucocytes is even higher, thus having a more dramatic
effect on lower values of glucose. Polycythemia can also
lower whole blood glucose readings. Normally the RBC
glucose is 30% lower than the plasma glucose level. Thus, if
the plasma glucose level is 100 mg/dL, and RBC glucose is
70 mg/dL, then the whole blood glucose would be 88 mg/
dL. If there is significant erythrocytosis and RBCs make up
a larger percentage of the whole blood volume, then the
whole blood glucose would be artificially lower.

. Hyperviscosity syndromes, such as Waldenstrom’s macro-
globulinemia and monoclonal gammopathies [18], have
also been reported to artifactually lead to lower glucose
values. One mechanism may be antibody activity of the
monoclonal protein against an antigen in the hexokinase
reagents. Hyperviscosity may also lead to an altered aque-
ous component of plasma volume affecting the functional
volume and the calculated concentration of glucose [1].

. Interfering substances on glucose measurement by differ-
ent glucose meters [19].

(a) Ascorbic acid (especially high doses used in cancer
therapy). High ascorbic acid levels can consume
hydrogen peroxide, which can lead to erroneously low
glucose readings. On the other hand, ascorbic acid
itself can be oxidized at the electrodes leading to a
higher glucose reading on meters that use the glucose
oxidase method. Understanding this type of interfer-
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ence, one should be attentive to inappropriate anti-
hyperglycemic therapy dosing and rely on meters
using the hexokinase method.

(b) Vasopressors may reduce peripheral circulation while
improving central blood flow and thus lead to falsely
lower capillary glucose readings [20].

(c) Mannitol has also been shown to adversely affect cap-
illary glucose measurement and lead to falsely lower
values [21].

(d) Acetaminophen is also thought to consume hydrogen
peroxide which can lead to falsely lower readings on
meters. In contrast, for continuous glucose monitoring
(CGM) devices, acetaminophen has been shown to
give falsely elevated readings.

(e) High uric acid levels can cause artifactually low glu-
cose readings on meters that use the glucose oxidase
method.

Affected patients are often asymptomatic but occasionally
may present with nonspecific symptoms such as fatigue, head-
ache, visual disturbances, and lightheadedness. Other patients
may present with typical symptoms of neuroglycopenia like
slurred speech, confusion, and, rarely, seizures and coma, in
which case further workup is required. Clinical correlation
and judgment become of utmost importance in such
circumstances.
Recommended Evaluation:

e Distinguish between PHG-1 versus PHG-2.

— Evaluate comorbid conditions that might interfere with
capillary glucose readings.

— Ascertain glucose values from an intravenous sample
and compare to a capillary glucose at the same time.

e Evaluate for potential drugs that might interfere with glu-
cose testing.

e Confirm glucose measurement in capillary blood or in
venous blood collected in tubes with antiglycolytic agents
like sodium fluoride.

e Prompt serum separation and refrigeration of blood
samples.
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A careful history will determine the etiology of the
apparent hypoglycemia in most presentations. Future work-
up of pseudohypoglycemia will likely involve measurement
of interstitial glucose levels with the use of CGM [22-24],
which will give the patient added security [25] and for
PHG-2, which will not be affected by compromised hand
circulation.
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Chapter 10

Chronic Fatigue

Margaret A Eagan

Case Presentation

SJ is a 39-year-old patient referred to me for possible peri-
menopause and/or hypothyroidism. The patient complains of
chronic fatigue, hair loss, heat intolerance, menstrual prob-
lems, memory loss that is affecting her job, mood swings, neck
pain, numbness, palpitations, skin rash, sleep problems, and
inability to lose weight. She states her symptoms have been
present for at least 6 months.

She has been followed by a personal trainer/nutritionist
(not a registered dietician) for 8 months and was placed on a
very controlled diet of 2200 calories/day. SJ is unsure of the
percentage of carbohydrates, protein, and fat. She was told by
the nutritionist to do only strength training and no cardiovas-
cular exercise in order to increase muscle mass. She works out
(weightlifting) 1 hour Sx/week. She has a very sedentary job
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that she doesn’t enjoy. Other history includes participating in
bodybuilding competitions in 2006 and 2007 and following a
very restrictive diet during this time. Even with the restrictive
diet, she was never able to get her body fat <18%. She
believes she damaged her metabolism during this time.

Her PMH and PSH are negative. Her FH is positive for
type 2 diabetes in her mother. She does not have a specific
bedtime. It can vary from 10 PM to midnight. She has diffi-
culty falling asleep but once asleep she stays asleep. She
wakes up at 6 AM and leaves for work at 7 AM without eat-
ing breakfast. She describes her mood swings as mostly being
“down, unmotivated, lack of energy.”

Her PE is normal. BMI 29.

Initial Labs

e TSH 3.32mIU/L (0.34-5.60 mIU/L)

e HbA1C 6.0 mg/dL (4.0-6.0%)

e Vit D250H 35 ng/mL (13-62 ng/mL)
e Vit B12 376 pg/mL (180-914 pg/mL

Diagnoses

1. Subclinical depression
2. Prediabetes

3. Insomnia

4. Overweight

Treatments Discussed

1. Subclinical Depression
Levothyroxine 75 mcg/day in attempts to decrease her
TSH to 0.5-1.5 mIU/L.
Citalopram 10 mg at bedtime.
Vitamin D3 2000 IU/day for a goal Vitamin D 25 OH
level of high 40s.
Look into an MBSR program to help with stress and
anxiety.

2. Prediabetes
Metformin ER 500 mg/day.
Vitamin B12 500 mcg/day.

3. Insomnia
Sleep habit: calming regimen from 9 PM to 10 PM; take
Citalopram at 9:30 PM and lights out by 10 PM. Continue
with getting out of bed at 6 AM.
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4. Weight
Cardiovascular activity of a brisk walk 10 minutes/day.
Decrease calories from 2200 to 2000 calories/day with
an eventual goal of 1800 calories/day. Do a food log with
MyFitnessPal app for 2 weeks with goal macronutrients
of 40% carbohydrates/30% protein/30% fat.
Drink a protein drink on her way to work.
Set an alarm on her phone to remind herself to eat a
snack/meal of carbohydrates/ protein and/ or fat every
4 hours.

Treatments Decided by SJ

e [evothyroxine and Citalopram
e Daily brisk walk

e Food log

The patient returned for follow up in 6 weeks. Her energy had
increased from a 3/10 to 7/10. She had a marked improvement
in her mood. She developed a sleep routine from 10 PM to
6 AM. She had dropped two sizes in clothes. She accepted a
job transfer to England and was leaving in 5 days.

Plan

e Start Vitamin D3

e Start the Metformin ER once she was in England

e Continue to follow up with me through email while living
abroad.

Chronic Fatigue in an Otherwise Healthy
Person

When we look at our schedule for the day and see a chief com-
plaint of chronic fatigue the initial reaction is most likely one of
dread and a belief that we will be unable to help. We perceive it
as one of the most difficult and time-consuming complaints to
treat as healthcare providers. It is correct that there is no quick
fix for chronic fatigue and even with all of our good intentions
about 30% of these clients will have no improvement [1-4].
Improvement, and sometimes remission of chronic fatigue,
is possible though with time and patience. Time, however is
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what we are very short of as providers. Hopefully, this chapter
will serve as a guide that will make the evaluation and treat-
ment more efficient and rewarding.

Fatigue by itself is a subjective symptom, not a syndrome.
It is defined as feelings of tiredness and perception of gener-
alized weakness. Easy fatigability is a decreased capacity for
physical activity. Mental fatigue is a difficulty with concentra-
tion, memory, and/or emotional stability [2].

Chronic fatigue [2] does not exist in a vacuum. It is multi-
dimensional and multifactorial. Symptoms associated with
chronic fatigue are varied and numerous. Your patient’s
review of systems will usually have more positive than nega-
tive symptoms. Common symptoms are constitutional symp-
toms such as lethargy, weight gain/weight loss, and anorexia;
psychological symptoms such as depression, anxiety, mood
swings, loss of motivation, poor mental concentration, and
sleep problems; respiratory symptoms such as frequent upper
respiratory tract infections (URI) and dyspnea; musculoskel-
etal symptoms such as myalgias and arthralgias; and gastroin-
testinal symptoms such as abdominal distention, bloating,
constipation, and diarrhea.

Causes of Chronic Fatigue

According to the literature [2], there are four major catego-
ries: physiologic, psychologic, biochemical, and idiopathic.
Physiological causes can be due to cardiopulmonary, endo-
crinologic, gastroenterologic, hematologic, immunologic, and
infectious or rheumatological abnormalities Fig. 10.1. These
usually are the easiest to diagnose and treat. Psychological
causes most commonly include depression and anxiety,
somatization, and panic disorder. Biochemical causes include
alcohol or drug addictions, chronic use of muscle relaxants,
hypnotics, antidepressants, antihistamines, and Beta blockers
to name a few. Idiopathic fatigue is a diagnosis of exclusion
and accounts for approximately 30% of patients. The rest of
this chapter will focus on idiopathic chronic fatigue.
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Major causes of chronic fatigue
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Psychologic Infectious
Depression Endocarditis
Anxiety Tuberculosis
Somatization disorder Mononucleosis
Malnutrition or drug addiction Hepatitis

Pharmacologic

Parasitic disease

Hypnotics

HIV infection

Antihypertensives

Cytomegalovirus

Antidepressants

Cardiopulmonary

Drug abuse and drug withdrawal

Chronic heart failure

Endocrine-metabolic

Chronic obstructive pulmonary disease

Hypothyroidism

Connective tissue disease

Diabetes mellitus

Rheumatoid disease

Apathetic hyperthyroidism

Disturbed sleep

Pituitary insufficiency

Sleep apnea

Hypercalcemia

Esophageal reflux

Adrenal insufficiency

Allergic rhinitis

Chronic renal failure

Psychologic causes (see above)

Hepatic failure

Idiopathic (diagnosis by exclusion)

Neoplastic-hematologic

Idiopathic chronic fatigue

Occult malignancy

Chronic fatigue syndrome

Severe anemia

Fibromyalgia

Adapted from: Gorroll, AH, May, LA, Mulley, AG Jr (Eds), Primary Care Medicine: Office
Evaluation and Management of the Adult Patient, 3rd ed, JB Lippincott, Philadelphia, 1995.

FIGURE 10.1 Major causes of chronic fatigue

Idiopathic chronic fatigue consists of debilitating symp-
toms for >6 months that do not meet the criteria for chronic
fatigue syndrome or fibromyalgia [2]. These are the patients
we as health-care providers struggle to treat. We are unable
to diagnose an actual disorder, so we are unsure how to
help and often want to diagnose a psychological disorder
such as depression and refer to a mental health provider. In
my clinical experience, a majority of patients with idio-
pathic chronic fatigue have an imbalance in lifestyle behav-
iors including sleep, nutrition, movement, and mental or

emotional health.
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Evaluation

History taking is the most important part of the evaluation
[7 8]. Remember fatigue does not exist in a vacuum. It is only
one symptom in a constellation of symptoms. The intensity of
these other symptoms may determine their ultimate contri-
bution to the cause of fatigue. For example, awakening
unrested, daytime sleepiness, eye redness, and blurry vision
could be due to a lack of restful sleep.

Evaluation of fatigue symptoms (Circle all that apply).

Have patients fill out this form prior to their visit with you if
possible.

1.

2.
3.

Onset — abrupt or gradual and when symptoms began

Course — increasing or decreasing
Duration — daily or intermittent, if intermittent, how long
in between bouts (days, months, years)

. What increases it — sleep disturbance, vacation, work, a

family member, certain foods (which ones
), exercise (amount, type

), support from friends and family (too much,

too little), change of seasons, medications (which ones_____

)

. What decreases it — good night’s sleep, vacation,

work, a family member, certain foods (which ones__
) exercise (amount,
type) ,support from family and
friends (too much, too little), change of seasons, medica-
tions (which ones)

. What impact does your symptoms have on your daily life —

for example, in relationships at home, work

What accommodations have you made — change in exer-
cise routine or type , change in type
or amount of work , change in liv-
ing environment (apartment, house, stairs)
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, change in sleeping environment (bed,
chair, separate room)

, change in clothing (buttons, zippers, elastic waist)
, change in grooming (bath,

shower, haircut)

Evaluation of lifestyle behaviors Fig. 10.2 — I recommend
patients filling this out before their visit.

Lifestyle Behaviors Evaluation Form

1. What would you like to achieve from your visit today?/What is your goal?

2. How important is your goal on a scale of 0 to 10? 0 being not important at all and 10 being the most important
thing in your life right now. Circle one number

0 1 2 3 4 5 6 7 8 9 10

3. How confident are you that you can achieve your goal on a scale of 0 to 10? 0 being not important at all and 10
being extremely confident. Circle one number

0o 1 2 3 4 5 6 7 8 9 10

4. Why do you want to achieve this goal? Be specific.

5: Sleep

How many hours do you usually sleep each night? hours per night
What time is lights out?, What time are you out of bed?

What time do you leave for work? What are your work days?/hours?.

What is your sleep quality? (Circle One): Poor, Average, Good, Excellent
Are you pleased with the quality of your sleep? (Circle one):
Not at all; s /! d; Very pl d9. Nutrition

6. Nutrition

| describe my current diet as: (Circle all that apply)

Healthy 100% of the time Perfect

Healthy 80% of the time Whatever is put in front of me
Healthy 50% of the time Gourmet

Healthy 20% of the time Preplanned

Never or rarely healthy On the go

Lots of junk food Frozen and microwaved
Organic | eat very little (<1000kcal/day)

FiGure 10.2 Lifestyle behaviors evaluation form
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Processed Including lots of vegetables
Large portions of food Including lots of fruit
Appropriate portions of food Vegetarian

Small portions of food Gluten free

Lots of fast food and restaurant meals High in protein

Family friendly High in fat

High in sugar High in salt

What do you drink? (Circle all that could apply)
Regular sugar soda, water, juices, diet beverages, tea coffee, skim milk, low-fat milk, whole milk

True or False:

| believe my diet could be better. True or False

| get very hungry when | limit my food intake/diet. True or False
I crave sweet foods. True or False

| eat more when | am stressed. True or False

I am an emotional eater. True or False

7. Movement
My activity level is (Circle one)
Very low - no planned activity, sitting most of the day
Low - some walking in my daily life
Average - lots of walking and some planned activity
High - lots of walking and daily planned activity > 30 minutes/day
Very High - lots of walking and lots of planned activity > 60 minutes/day

| do the following planned activity:

| could do more activity? (Circle one) True or False
My activity is limited by the following:

8. Mental Health
Stress
What is your stress level on a scale of 0 to 10? 0 being none and 10 being extremely high.

012345678910

FIGURE 10.2 (continued)
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What is your energy level on a scale of 0 to 10? 0 being very low and 10 being very high.

012345678910
Mood

During the past month have you felt depressed, sad or blue? Y N
During the past month have you felt little pleasure or interest in doing things? Y N

How many times today did you feel in a rush? (Circle one):
Three or more; One to Two; None

How much do you worry?(circle one)
Alot; Some but it is under control; Very little; It is a waste of time.
Brain Activity

How many days last week did you learn something new or do something you have never done before? (Circle one)
None; One to two; Three or more

Social Connectedness

How many people did you share a face to face conversation today that lasted longer than two minutes?
(Circle One)

None; One to two; Three or more

How long has it been since you last interacted with a child? (Circle one)

Months or years; Weeks; Days

9. Emotional Health
Laughter

How many times did you laugh today (not just smile, but laugh for longer than two seconds)? (Circle one)
None; Once; Twice or more

Being in the Present

How often are you thinking about things other than what you are currently doing? (Circle one) Often; Sometimes;
Hardly ever

Purpose

Are you proud of your answer when someone asks how you spend your day? (Circle one) Not proud; A little
proud; Very proud

FIGURE 10.2 (continued)

Physical evaluation — Will usually be normal in cases of
chronic fatigue of unknown causes since the cause is most
likely due to lack of self-care habits and/or subclinical depres-
sion or anxiety.

Laboratory evaluation — Recommended reasonable initial
labs are a basic chemistry panel, CBC, TSH, ferritin, CPK (if
muscle pain and/or weakness is present), and Hepatitis C if
the patient was born between 1945 and 1965. I also recom-
mend Vitamin D and HbA1C if risk factors are present.

Diagnosis is one of exclusion. Your history physical
exam and labs will reveal most medical causes of fatigue.
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Your thorough evaluation of wellness behaviors and preven-
tive health care will reveal many of the remaining causes.

The remainder of this chapter unless otherwise stated will
focus on the treatment of chronic fatigue due to lack of
healthy lifestyle behaviors.

Treatment is gradual and sequential and requires a multi-
factorial approach.Remember, there is no quick fix. Treatment
requires patience from both the provider and the patient. A
large part of the treatment is based on clinical experience and
intuition. Treatment is also largely based on the doctor and
patient relationship [1, 4, 7, 8].

Most people with chronic fatigue feel unheard by their
providers. First, acknowledge that the patient’s complaints
are real and debilitating. Give information that patients are
able to understand and connect with their own experiences.
Communicate clear expectations of recovery and schedule
frequent regular appointments such as once a month.

Work on a maximum of three changes at a time. Once the
patient has mastered three changes, then incrementally add
other changes. I allow the patient to choose the first three
they wish to work on as these are the ones they most likely
feel confident about mastering. A small change such as better
sleep habits can have a profound impact [6]. Appropriate
management of identified stressors and the continual surveil-
lance of other causes of fatigue is important.

The registered SEEN acronym is one I developed as an
approach to any patient with chronic medical issues.

1. SUPPORT - Develop a relationship-centered doctor—
patient relationship by asking, “How can I help you?” Then
quietly listen to your patient and observe their body lan-
guage without thinking of what further questions to ask.
The majority of patients will tell their story in about 1 min-
ute. From just 1 minute of your time listening and observ-
ing you have already begun to develop a sense of what is
truly important to your patient.

2. EDUCATE — Means to draw out that that is from within.
Give them information they can understand and con-
nect with their own life experiences. People are moti-
vated to change or open to exploring a problem or
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change of perspective first through emotions and second
through facts.

EMPOWER - Your patient. They have the ability to
change and to take control and responsibility of their life.

4. NURTURE -Your patient. They are not on this journey alone.

You and the patient are a team. The provider at first is more
the teacher and your patient the student towards better health.
As you work together your patient will gain knowledge and
confidence where you both will be student and teacher.

Why focus on lifestyle behaviors? Besides helping patients

with chronic fatigue, 70% of chronic medical diseases can be
prevented or controlled with good lifestyle choices. Lifestyle
choices consist of sleep, nutrition, movement, mental health,
and emotional health.

Putting It All Together

1L

Sleep [6]: A sufficient amount of sleep consists of at least 7
consecutive hours Fig. 10.3. It is essential for optimal physi-
cal health, mental health, immune function, and cognition.
Sleep is a habit. It takes at least 3 weeks to develop a habit.

Have patients keep a sleep diary for 2 weeks. They can use

their fitness trackers, but research shows that these consis-
tently overestimate sleep duration.

Have patients develop a nighttime routine (sleep hygiene).

Think CALM-see below

Consistent bedtime (weekday or weekend).

Calming regimen starting at least 30 minutes prior to lights
out.

Conducive sleep environment of approximately 60-67 °F.
Comfortable mattress and pillows.

Caffeine, nicotine, and heavy meals avoid in the evening or
at least 4 hours prior to lights out.

Activity (physical) every day.

Light and bright environment at your wake-up time either
artificially or naturally.

Medications such as melatonin 1 hour prior to lights out.
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Sleep duration recommendations by age from the National Sleep Foundation*

Hours of sleep

%*.cii'kﬁ"lt

0-3 months 4-11 months 1-2years  3-5years 6-13years 14-17 years 18-25 years 26-64 years 65+
Newborn Infant Toddler  Pre-school School-age Teen Young adult  Adult Older adult
[ | B vayve i Not

* These recommendations are very similar, but not identical to those from the American Academy of Sleep Medicine (AASM),""?

1. Paruthi S, Brooks LJ, D'Ambrosio C, et al. Recommended amount of sleep for pediatric population: A statement of the American Academy of sleep
medicine. J Clin Sleep Med 2016; 12:785.
2. Consensus Conference panel, Watson NF, Badr MS, et al. Recommended amount of sleep for a healthy adult: A joint Consensus Statement of the
american Academy of Sleep Medicine and Sleep research Society. J Clin Sleep Med 2015; 11:591
Republished with permission of National Sleep Foundation, 2016; permission conveyed through Copyright Clearance Center, Inc.

FIGURE 10.3 Sleep duration recommendations by age from the
national sleep foundation

2. Nutrition: Education on appropriate macronutrients (pro-
tein, carbohydrates, and fat) and their food sources is para-
mount. Focus on macronutrient percentages more than
calories and on the development of healthy lifestyle behav-
iors. For example, if a patient asks if they should follow a
paleo or keto diet, redirect them back to macronutrients. I
use the word nutrition or healthy eating rather than diet as
much as possible.

Have your patient do a food log for 2 weeks. Ask them to eat
their normal diet. Evaluate the average daily percentages of
macronutrients. There will be better compliance with electronic
food logs such as the MyFitnessPal app. In individuals with nor-
mal kidney and liver function, enter percentages of 40% carbo-
hydrates,30% protein, and 30% fat. Enter calories of 1200-1500/
day in the average 40-year-old and older woman (inactive—
active) and 1500-1800 calories/day in the average 40-year-old or
older male (inactive-active). By maintaining a food log, patients
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will begin to educate themselves on macronutrients and their
food sources and on how to read food labels. Review their food
log and make minor adjustments towards achieving the percent-
ages stated above for macronutrients. Look up products and
alternatives on the internet during their visit so you learn
together. Dieticians are also a wonderful resource, but their ser-
vices are not usually covered by insurance.

Educate patients about the different macronutrients. Keep
it simple. Carbohydrates are our fuel, our energy source. Too
many grams or not enough cause fatigue, cognitive difficulties,
and emotional liabilities. Proteins are the building blocks of
muscle. Good protein sources are meats, fish, beans, dairy
products, nuts, and seeds. Too much protein grams can cause
kidney damage and not enough can lead to loss of muscle mass.
Fats are the building blocks of hormones. Focus on eating poly-
unsaturated (nuts, avocadoes) rather than saturated fats (but-
ter, fried foods). Excess fat intake can lead to cardiovascular
disease. Insufficient fat intake can lead to vitamin malabsorp-
tion, an increase in cancer risk especially colon, prostate, and
breast cancer, and depression.

3. Movement [2]: This consists of formal and informal activity.

Ask your patient the type, frequency, and length of their
formal exercise routines. Confirm their routine. Often patients
list what they hope to be doing not what they are actually doing.

Have your patient do a movement log by wearing a
pedometer for at least 2 weeks. I take the total number of
steps over 7 days and divide that number by 7 to account for
exercise and non-exercise days. The goal is to have on average
of at least 10,000 steps/day according to the American Heart
Association.

Propose a formal exercise routine that is a mixture of
cardiovascular and strength activities. Strength includes
flexibility, core, balance, and strength. Research recom-
mends 30 minutes of moderate activity every day [2,5]. My
recommendations are based on the physical condition of
my patient. For those who are very deconditioned, I recom-
mend graded exercise therapy beginning with a referral to
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physical therapy for physical deconditioning. For those who
are otherwise healthy but have never exercised I ask if they
can commit to a 10-minute brisk walk every day. I explain
to them that it is not the time that is important. The impor-
tant part is walking every day even when they do not feel
like it. Once they have accomplished this goal, I add
20 minutes of strength training 3x/week. A good beginner’s
resource is the NIH God4life. The goal is to eventually have
patients engaging in 3 days of cardiovascular activity con-
sisting of two long steady sessions (40 minutes each) and
one short interval session (20 minutes) along with 3 days of
strength training for at least 20 minutes. Proper alignment
is important to prevent injuries. In an inexperienced exer-
ciser, you might recommend a few (4) sessions with a repu-
table personal trainer to develop a strength training
program for your patient and ensure proper form while
exercising.

By informal activity I mean to be in perpetual motion like a
child. As we grow older, we become more sedentary. We need
to be aware of this and add activity all through our day such as
moving 5 minutes/hour, balancing while putting on your socks
or brushing your teeth, doing squats while waiting for your
lunch to heat up or standing on your toes while waiting in line.

4. Mental Health: Behavioral therapy with a licensed clinical
professional can help treat anxiety, depression, and other
mental health disorders; but how do we treat those who
suffer from subclinical depression and anxiety?

Subclinical depression [3] is defined as having clinically
relevant depressive or anxiety symptoms without having
major depression or anxiety. This can formally be evaluated
with the PHQ9 form or more commonly by clinical intuition,
experience, and your intake form.

There are no widely accepted guidelines for treatment. I
recommend a combination of pharmacologic (prescription and
over-the-counter) and nonpharmacologic modalities.
Pharmacologic recommendations consist of a low dose SSRI
such as Citalopram or Sertraline taken at bedtime. These
SSRI's can help with depression, anxiety, and insomnia.
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Adjunctive treatment or even solitary treatment with levothy-
roxine to obtain a low normal TSH level. The majority of stud-
ies [9, 10], however, were done in major depression with T3
supplementation only and the majority of studies have been
inconclusive. I, however, have had good results with my patients.
I recommend monitoring the TSH every 6 weeks until the level
is 0.5-1.5 mIU/L. Maintain your patient at this low normal level
for 3 months. If there has been no improvement in their symp-
toms at 3 months, then discontinue the levothyroxine.

Vitamin D supplementation is also controversial [11]. The
Vitamin D receptor and 1-alpha-hydroxylase are expressed in
the human brain. Low Vitamin D 250H levels (<20 ng/mL)
are frequently found in patients with depression. The recom-
mendation is to supplement with Vitamin D to maintain lev-
els of Vitamin 250H > 20 ng/mL. However, from personal
experience, | have found a Vitamin D 250H level of approxi-
mately 45 ng/dL (13-62 ng/mL) has the best results for mood
elevation.

Nonpharmacologic treatments include formal cognitive or
dialectical behavioral therapy (CBT, DBT) or mindfulness
training (see emotional health below) individually or in
groups [12].

5. Emotional Health: Emotional health is a state of positive
psychological functioning. It is resilience, the ability to
bend without breaking. Resilience is the ability to pre-
vent, withstand, and bounce back from adversity.
Resilience allows us to take on challenges rather than get-
ting overwhelmed; to have a sense of control and to find
meaning in what we are doing. Acceptance, happiness,
and gratitude are the main components of resilience [13].
But how does one accomplish these things? It is through
mindfulness.

There are numerous formal mindfulness programs/prac-
tices. One well-known program is mindfulness-based stress
reduction (MBSR) created by Dr. Jon Kabat Zin, a molecular
biologist from the University of Massachusetts [14]. His book
titled Full Catastrophe Living [15] guides you through the
formal 8-week MBSR program.
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Informal or self-guided practices consist of apps such as calm,
mindfi, insight timer and headspace. GoNoodle app is geared
more towards children and is an excellent bonding opportunity
for parents and children. Another resource is Dr. Amit Sood’s
The Mayo Clinic Handbook for Happiness [16]. It is his sugges-
tions regarding acceptance, happiness, and gratitude that
follow:

“Acceptance of life’s challenges, finding meaning and making the
best of situations. Setbacks are opportunities for growth.
Happiness is a state of positive emotions, choice and a habit.
Choose daily to see the positive around you and to see the posi-
tive within the negative. Happiness does not occur naturally for
some people and takes practice to become a habit. Gratitude is
acknowledging and appreciating your blessings” [13].

Three practices to try [13, 16]:

1. Upon awakening bring three people into your mind and
send them a blessing or positive thought.

2. When you pass someone on the street send them a silent
message of “Be well.” Try this also in a work meeting that
is going poorly.

3. At the end of the day, upon arriving home, be fully present
to your family, pets, plants, or just your home, your sanctu-
ary for 3 minutes.

Mindfulness has been proven to decrease chronic pain,
depression, and self-defeating emotional habits. It is not easy,
nor does it come naturally to most. It takes practice. Think of
it as an exercise for mental fitness. First, we must learn to
focus, to be present. Mindfulness is just one technique to
strengthen our state of attention (focus). I think of practicing
the three things we learned as children. Stay calm. Pay atten-
tion. Say thank you. For more information, I strongly recom-
mend the resources above.

I know this seems overwhelming to accomplish with your
patients who complain of chronic fatigue but use this as a
template. Identify together what areas they would like to
concentrate on and, if applicable admit your lack of confi-
dence or experience in certain treatment modalities and refer
to a certified Lifestyle Medicine provider.
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Chapter 11
Adrenal Fatigue

Michael T. McDermott

Case

A 47-year-old woman has been experiencing fatigue for
about 15 years but complains of “total exhaustion” progres-
sively over the past year. She does not sleep well but does not
snore. Her appetite is poor. She only eats full meals occasion-
ally but snacks frequently throughout the day. Mild weight
gain (5 1b.) has occurred in the past year. She cannot exercise
due to fatigue. She requests to be treated for adrenal fatigue
for which she has tested positive.
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PMH: Mononucleosis at age 18 Meds: Occasional prescription
pain medication

PE:BP 128/70 P80 Ht5'8” Wt 1571b.
(Orthostatic vitals negative)

Complete exam normal

Lab: Full-day salivary cortisol profile — Interpreted as
“adrenal fatigue”

Discussion

True Adrenal Insufficiency

Primary adrenal insufficiency develops as a result of disease
of or damage to the adrenal glands [1]. The most common
cause of primary adrenal insufficiency in the U.S. is autoim-
mune adrenalitis (Addison’s disease). Other, less common,
causes include infections (tuberculosis, deep fungal infec-
tions, HIV), infiltrative disorders (amyloidosis), intra-adrenal
hemorrhage, metastatic cancer, surgical adrenalectomy, and
congenital metabolic disorders (adrenoleukodystrophy, adre-
nomyeloneuropathy). Persons who have primary adrenal
insufficiency usually have deficiencies of all three adrenal
cortical hormones (cortisol, aldosterone, adrenal androgens).

Secondary (central) adrenal insufficiency results from dis-
eases of, damage to, or suppression of the pituitary gland or
hypothalamus [1]. This disorder most commonly develops due
to the administration of exogenous glucocorticoids (“ste-
roids”) to treat systemic or localized inflammatory diseases.
Notably, however, central adrenal insufficiency also frequently
occurs because of the use (widespread) of opioid narcotics for
acute, subacute, or chronic pain management [2,3]. Other rela-
tively common causes of central adrenal insufficiency include
pituitary and parasellar tumors, surgery or radiation therapy in
the pituitary-hypothalamic regions, traumatic brain injury
(TBI), pituitary infections (syphilis), pituitary hemorrhage/
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apoplexy, infiltrative pituitary diseases, metastatic cancer to the
pituitary gland, various types of idiopathic pituitary inflamma-
tion (hypophysitis — lymphocytic, granulomatous, plasma cell,
xanthomatous, and mixed forms), and hypophysitis induced by
immune checkpoint inhibitor therapy. Secondary (central)
adrenal insufficiency only causes deficient production of corti-
sol and adrenal androgens; aldosterone secretion remains
intact because the renin—angiotensin system, the primary regu-
lator of aldosterone secretion, remains intact.

Symptoms of adrenal insufficiency include fatigue, weak-
ness, myalgias, arthralgias, abdominal pain, nausea, vomiting,
headaches, weight loss, postural dizziness, and salt craving.
Physical findings most commonly include hypotension and
tachycardia; cutaneous hyperpigmentation and vitiligo may be
seen but only in primary adrenal insufficiency. Common labo-
ratory features are hyponatremia, hypoglycemia, azotemia,
anemia, and eosinophilia; hyperkalemia occurs only in pri-
mary adrenal insufficiency (due to aldosterone deficiency).

The best screening test for adrenal insufficiency, according
to the current clinical practice guidelines, is a morning serum
cortisol level drawn between 8 and 9 AM. An AM serum
cortisol level <3 ug/dl is diagnostic of adrenal insufficiency; an
AM serum cortisol <5 ug/dl with a plasma ACTH >2 times
the upper normal limit is also supportive of the diagnosis. An
AM serum cortisol level >15 ug/dl rules out adrenal insuffi-
ciency. For those with AM serum cortisol levels between 3
and 15 ug/dl, an ACTH (Cosyntropin 250 mcg) stimulation
test is recommended. A peak serum cortisol level <18 ug/dl 30
minutes after ACTH administration is diagnostic of partial
adrenal insufficiency [1]. A diagram of the relative cortisol
responses to this test in normal subjects and in patients with
partial and complete adrenal insufficiency is drawn in Fig. 11.1.

The ACTH stimulation test, however, has some limitations.
A meta-analysis of all published and adequate studies deter-
mined that the sensitivity of the ACTH stimulation test for
detection of primary adrenal insufficiency is 92% (95% confi-
dence interval: 81-94%) but the specificity was not estimable.
For detecting secondary adrenal insufficiency, the existing
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Primary adrenal insufficiency

ACTH stimulation test

30
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Serum
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Partial adrenal insufficiency

e
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0 30 60
Time (minutes) after ACTH given

FiGuRrE 11.1 Interpretation of the ACTH stimulation test

data were insufficient to estimate either the sensitivity or the
specificity of the test [4]. In patients with primary adrenal
insufficiency, measurement of anti-adrenal (anti-21-
hydroxylase) antibodies will establish the etiology as autoim-
mune adrenalitis [1].

Impairment of adrenal function occurs gradually in
patients with positive anti-adrenal (anti-21-hydroxylase) anti-
bodies. Four stages of progressive adrenal cortical dysfunc-
tion have been described (Table 11.1) [5]. Others have
suggested that mild plasma ACTH elevations are the first
indicator of impending adrenal gland failure [6]. These data
emphasize that the diagnosis of early adrenal insufficiency
(primary and secondary) may be difficult even with validated
tests and requires significant clinical experience and
judgment.

Hypothalamic-pituitary—adrenal (HPA) physiology is
highly complex. It involves hypothalamic production of
corticotrophin-releasing factor (CRF) and vasopressin to regu-
late the pituitary secretion of corticotropin (ACTH), which
stimulates cortisol secretion from the adrenal glands. Cortisol
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TaBLE 11.1 Proposed stages in the development of overt adrenal

insufficiency in patients who have positive serum anti-21-hydroxylase

antibodies (Ref. [5])

Stage Features

1 High plasma renin activity (PRA); low/normal plasma
aldosterone (PA)

2 Stage 1 plus a reduced peak cortisol response (<18 ug/dl)
to ACTH administration

3 Stage 2 plus elevated plasma ACTH

4 Clinically overt adrenal insufficiency (baseline serum

cortisol <3 ug/dl)

is then transported in the bloodstream by binding proteins to
peripheral tissues where free (unbound) cortisol crosses cell
and nuclear membranes in target cells and binds to nuclear
glucocorticoid receptors, where it activates or suppresses tran-
scription of target genes. The resulting messenger RNA
(mRNA) is then translated into the cortisol regulated proteins
that ultimately mediate tissue cortisol action. This action
includes feedback of cortisol at the level of the hypothalamus
and pituitary gland to maintain HPA axis homeostasis.

It is certainly possible that some, as yet unrecognized,
inherited, or acquired abnormalities may exist at any of these
multiple sites of cortisol physiology and may or may not be
detectable by our current panel of adrenal axis tests. These
exciting possibilities and the implications they have for
improving patient care are the reasons endocrine research
must be supported and clinicians must stay abreast of the
resulting discoveries and their clinical applications.

The Myth of Adrenal Fatigue

Adrenal fatigue is a proposed condition in which the adrenal
glands, while not insufficient by traditional hormone testing,
become unable to produce adequate amounts of adrenal hor-
mones to meet the requirements of the body to deal with the
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daily stresses of life. It is said to occur in patients who are
under chronic high stress (mental, emotional, or physical) in
their work and/or family life; this chronic stress supposedly
exhausts their adrenal glands. It is characterized by nonspe-
cific symptoms such as fatigue, sleep disturbances, difficulty
coping, body aches, digestive problems, and dependency on
caffeine [7-11]. There are numerous practitioners and web-
sites that promote this pseudo-endocrine condition. Adrenal
fatigue was even featured on Dr. Oz on October 22, 2015.

Patients are encouraged to self-diagnose adrenal fatigue
based on symptoms alone; scoring systems are suggested.
Providers or patients themselves can also order a salivary
cortisol profile in which multiple salivary cortisol samples are
collected throughout the day and submitted to a lab for
analysis (for a price); if the salivary cortisol levels fall below
a normative line, the diagnosis of adrenal fatigue is said to be
confirmed.

Importantly, adrenal fatigue has never been scientifically
proven to exist. Furthermore, salivary cortisol profiles have
never been tested scientifically or validated in any way as a
tool to evaluate insufficiency of the HPA axis. As clinician-
scientists, we must be open to novel ideas and proposals. But
rigorous verification by well-designed and well-conducted
scientific investigations must still be the standard by which
we evaluate and clinically apply new and innovative ideas. It
is not sufficient, when patients’ health and wellbeing are con-
cerned, to simply propose a hypothesis and then apply it
without diligent scientific investigation.

Proposed treatment recommendations start with a healthy
well-balanced diet, regular exercise, good sleep habits, stress
reduction, and cessation of smoking and alcohol use. Most of
us would never object to any of these measures. This is the
same advice we give to almost all patients, regardless of the
diagnosis. Patients are certainly likely to feel better and have
improved quality of life if they follow these recommenda-
tions. But adrenal fatigue websites and promoters also sug-
gest that patients take supplements. Once again, there is
likely no harm in taking vitamin and mineral supplements as
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long as some (fat-soluble vitamins A, D, E, and K, for exam-
ple) are not taken in excess. But adrenal supplements that
contain whole adrenal tissue or adrenal extracts are also
strongly promoted [12].

The Endocrine Society (Hormone Foundation) has taken
the lead in opposing the promotion of adrenal fatigue by
practitioners and websites [7-10]. The Hormone Foundation
website and its printed literature provide patients with the
following clear warnings: “No scientific proof exists to
support adrenal fatigue as a true medical condition.” “Doctors
are concerned that if you are told you have this condition, the
real cause of your symptoms may not be found and treated
correctly.” “Doctors urge you not to waste precious time
accepting an unproven diagnosis such as ‘adrenal fatigue’ if
you feel tired, weak, or depressed. If you have these symp-
toms, you may have adrenal insufficiency, depression, obstruc-
tive sleep apnea, or other health problems. Getting a real
diagnosis is very important to help you feel better and over-
come your health problem.” And finally, “If you take adrenal
hormone supplements when you don’t need them, your adre-
nal glands may stop working and become unable to make the
hormones you need when you are under physical stress.
When these supplements are stopped, a person’s adrenal
glands can remain ‘asleep’ for months. People with this prob-
lem may be in danger of developing a life-threatening condi-
tion called adrenal crisis.”

The Mayo Clinic website also has the following strong
statements [11]: “The term often shows up in popular health
books and on alternative medicine websites, but it isn’t an
accepted medical diagnosis.” And, “It’s frustrating to have
persistent symptoms your doctor can’t readily explain. But
accepting a medically unrecognized diagnosis from an
unqualified practitioner could be worse. Unproven remedies
for so-called adrenal fatigue may leave you feeling sicker,
while the real cause — such as depression or fibromyalgia —
continues to take its toll.”

Despite this public criticism, proponents of adrenal fatigue
continue to advertise and promote (and financially benefit
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from) this fabricated disorder. Websites openly display sleep-
ing men and women, young people who are so completely
exhausted (from adrenal fatigue) that they have fallen asleep
on their couches, at their desks, and on logs out in the forest.
They promote symptom scores and the unvalidated salivary
cortisol profile to make the diagnosis. And they entice vulner-
able patients with online access (for a price) to unproven and
potentially dangerous products labeled as “Made from raw,
cold-processed bovine glandular tissue”; “Raw Adrenal
Glandular Concentrate”; “Natural glandular”; “Blend of
glandulars, herbs, vitamins, and more” [12]. This type of
pseudo-science circus is well described and denounced as
fraudulent and harmful by Dr. Lisa Pryor in her excellent
article in the New York Times (Jan 5,2018) [13].

Back to Our Patient

This patient has severe fatigue and poor quality of life. She is
not responsible for the misinformation she has received or
believed about adrenal fatigue from other practitioners or
the Internet. She has just come to ask for help. She deserves
respect, honesty, and compassion like all other patients. We
should listen carefully to her symptoms, concerns, and frustra-
tions and assure her that we are committed to helping her
find relief for her symptoms. A complete and skillful physical
examination is always an important component of the evalu-
ation. We should then review previous lab tests and order
additional lab tests, if appropriate, especially if the prior labs
showed equivocal results, were done at the wrong time of day,
were run in an unfamiliar laboratory, or if there is any ques-
tion about possible assay interference from supplements. An
ACTH stimulation test (see above) may be considered. If not
already done, testing for other endocrine-related and meta-
bolic conditions, such as diabetes mellitus, calcium abnor-
malities, hypogonadism, celiac disease, vitamin D deficiency,
vitamin B12 deficiency, sleep apnea, and depression can be
considered. Some testing may be more appropriately done by
the patient’s primary care provider.
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Regardless of the diagnosis, we should always emphasize
the importance of healthy lifestyle measures to include good
nutrition, regular exercise, good sleep habits, smoking cessa-
tion, moderation or cessation of alcohol consumption, stress
reduction and stress management, and treatment of other
coexisting illnesses (endocrine, general medical, psychiatric),
if present. Management of non-endocrine related conditions
by the primary care provider should be strongly encouraged.

We should also educate patients regarding medical infor-
mation they find on the Internet and that they should always
verify the source of the information in order to evaluate its
credibility. This patient should be informed, but not lectured,
that adrenal fatigue is not a real disorder and that salivary
cortisol profiles have never been validated as a tool to evalu-
ate adrenal insufficiency, whether they are ordered by another
practitioner or are self-ordered from a website. And she
should be advised that there is no credible evidence that adre-
nal supplements are beneficial. Furthermore, those products
that contain whole adrenal glands or adrenal extracts actually
contain steroid hormones that can suppress their own natural
adrenal function and can also, depending on the amount of
steroid hormones present, lead to steroid-related complica-
tions such as diabetes mellitus, osteoporosis, hypertension,
hyperlipidemia, peptic ulcer disease, and glaucoma. We should
respect the patient’s initiative to investigate and implement
measures to improve her/his quality of life but must empha-
size our core value of practicing evidence-based medicine and
the ethical responsibility we have to recommend tests and
treatments that have proven efficacy and safety.

Consistent with these views, Dr. Rashmi Mullur published
an excellent commentary on the management of adrenal
fatigue in 2018 [14]. Stemming from her own experiences, she
advises against lengthy or detailed explanations of adrenal
physiology and the absence of evidence for the existence of
adrenal fatigue and focusing instead on the actual needs of
the patient with compassionate listening, an emphasis on
healthy lifestyle measures and discussion of alternative
approaches to reduce stress and mitigate the lingering effects
of past emotional and/or physical trauma [14].
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Satisfactory outcomes for these patients are clearly facili-
tated by the development of an honest, respectful, supportive,
and compassionate relationship with their physician. As I
have emphasized before, it is an honor that patients entrust
their health to us and value our expertise. In return, our goal
should be to do our best to improve their quality of life, even
if there is no apparent endocrine disorder. This doesn’t mean
that we should take over the management of areas that are
more appropriate for their primary care provider or other
specialists. But it does mean that we should make it clear that
we believe they are struggling with their symptoms, that we
are concerned about their health and welfare, that we would
like to be part of the solution if their condition is endocrine
based, and that, while we strongly believe in innovative and
individualized solutions, we have an obligation to provide
them with the best evidence-based advice possible.
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Chapter 12

Adrenal Insufficiency,
“Relative Adrenal

Insufficiency,” or None
of the Above?

Maria Vamvini and James V. Hennessey

While adrenal dysfunction is frequently reported in acutely ill
patients and patients with liver cirrhosis, studies have shown
that assessing adrenal function in this patient population can
be extremely challenging and complex [1, 2]. In this chapter
we are presenting a clinical case of an acutely ill middle-aged
man with liver cirrhosis that was evaluated by the inpatient
endocrine service for possible adrenal insufficiency (AI).
Navigating through this case, we will review current evidence
on adrenal function and evaluation for AI during acute illness
and in patients with liver disease.

Case: A 59-year-old man presented to an outside commu-
nity hospital complaining of dyspnea and abdominal pain. He
had a history of hepatitis C and alcoholic liver disease and
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cirrhosis (Child’s class C), chronic obstructive pulmonary dis-
ease (COPD), remote history of Guillain-Barre syndrome,
neuropathy, and mood disorder. His home medications
included two inhalers (budesonide-formoterol 160 mcg-4.5
mcg/actuation twice a day and as needed albuterol-ipratropium
nebulizers), gabapentin, amitriptyline, and quetiapine. He was
initially diagnosed with an acute exacerbation of COPD and
treated with prednisone 40 mg a day for 5 days along with
albuterol-ipratropium nebulizers. His dyspnea subsequently
improved, but his abdominal pain persisted, having episodes
of nausea and vomiting. His abdominal x-ray revealed distal
bowel obstruction for which he was treated with bowel rest
and a nasogastric tube for decompression. A flexible sigmoid-
oscopy and colonoscopy did not reveal any underlying struc-
tural pathology. The gastroenterologist raised concern that his
bowel obstruction was related to his advanced liver disease
and hypoalbuminemia which could be the cause of significant
intestinal edema and bowel obstruction. During this acute ill-
ness, his liver disease decompensated. He developed diuretic
refractory ascites and underwent two large-volume paracente-
ses with concomitant albumin infusions. His hospital course
was further complicated with fever, hepatic encephalopathy,
and hypotension, and he was subsequently transferred to our
institution for further management in the intensive care unit.

His physical exam on admission to our institution was
notable for blood pressure of 94/59 and hypoxia with oxygen
saturation of 90% on 3 liters of oxygen. There was limited air
entry in both lung bases; his abdomen was distended and ten-
der with hyperactive bowel sounds. There was significant ana-
sarca. His medications on transfer from the outside hospital
were furosemide, spironolactone, thiamine, multivitamins,
amitriptyline, gabapentin, quetiapine, budesonide-formoterol
inhaler, and pantoprazole. His laboratory evaluation was
notable for leukocytosis, normocytic anemia, abnormal coagu-
lation studies, and acute kidney injury (Table 12.1). He had
recurrence of bowel obstruction, bacteremia, and spontaneous
bacterial peritonitis with worsening hepatic encephalopathy
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and was treated with vasopressors, broad-spectrum antibiotics,
and further albumin infusions in the medical intensive care
unit (MICU). He was eventually weaned off the vasopressors
successfully and transferred to the regular medicine floor
2 weeks later.

Upon his transfer to the medical floor, his physical exam
was notable again for hypotension and hypoxia with BP
98/60, HR 83, oxygen saturation 98% on 3 liters of oxygen
with oxygen supplementation through nasal cannula, a dis-
tended but soft and non-tender abdomen with positive fluid
wave, and normoactive bowel sounds. There was trace bilat-
eral pedal edema but no asterixis. His skin exam revealed no
ulcers or wounds, and there were no hyperpigmented or
hypopigmented skin lesions. The laboratory results on the
day of his transfer out of the MICU are summarized in
Table 12.1. His repeat chemistry showed improved creatinine
(1.4 mg/dL) and resolution of bilirubinemia. He continued to
receive treatment for his hepatic encephalopathy with three
therapeutic paracenteses. He was receiving albumin infusions
following each paracentesis with improvement of albumin
levels to 3.8 g/dL on the day of transfer to the medicine floor.
Due to persistent, albeit mild, hypotension the primary team
decided to evaluate him for adrenal insufficiency by measur-
ing a morning total cortisol level.

We should pause here and think about the factors regulating
the hypothalamic-pituitary-adrenal (HPA) axis, cortisol secre-
tion, and measured total cortisol levels The intricate system
of cortisol homeostasis is influenced by the intrinsic pulsatil-
ity of hypothalamic corticotropin-releasing hormone (CRH)
and pituitary adrenocorticotropic hormone (ACTH)-
secreting cells. Activation of the HPA axis is initiated by
increased secretion of CRH and arginine vasopressin (AVP)
from parvocellular neurons of the hypothalamic paraven-
tricular nucleus (PVN) [3, 4]. CRH and AVP then reach the
portal circulation of the anterior pituitary and promote
ACTH secretion from pituitary corticotropic cells into the
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TaBLE 12.1 Laboratory data on the day of transfer from the refer-
ring institution to our institution and on the day of transfer from the
ICU to the medical floor

Day of
Day of transfer
transfer from from ICU to
Reference referring medical
Variable range institution floor
White blood cell 4.0-10.0 11.1 10.2
count (WBC) KL
Hemoglobin 13.7-175 8.2 71
(Hgb) g/dL
Hematocrit (Hct)  40-51% 24.4 21.6
Platelets 150-400 154 122
KL
MCV 82-98 fL 84 90
Sodium 135-147 134 136
mEq/L
Potassium 33-5.1 33 3.6
mEq/L
Chloride 96-108 95 106
mEq/L
Bicarbonate 22-32 24 18
mEq/L
Anion gap 10-18 18 16
mEq/L
Blood urea 6-20 mg/dL 29 24
nitrogen (BUN)
Creatinine 0.5-1.2 32 14
mg/dL
Glucose 70-100 105 115
mg/dL
Albumin® 3.5-52 42 3.8

g/dL
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TaBLE 12.1 (continued)

Day of
Day of transfer
transfer from from ICU to
Reference referring medical
Variable range institution floor
Calcium 8.4-10.3 8.3 8.0
mg/dL
Magnesium 1.6-2.6 2.0 -
mg/dL
INR 0.9-1.1 2.5 2.5
PT 9.4-12.5s 28 278
aPTT 25.0-36.5s 50.5 62.5
Total bilirubin 0-15 22 1.1
mg/dL
Alanine 0-40 TU/L 14 10
aminotransferase
Aspartate 0-40 IU/L 32 28
aminotransferase
Alkaline 40-130 49 40
phosphatase IU/L
Morning serum 2-20 ug/dL 3.6

total cortisol

“Following repeat albumin infusions

bloodstream. ACTH then stimulates cortisol synthesis in the
zona fasciculata cells of the adrenal cortex. This occurs
through activation of protein kinase A (PKA) and increased
transcription of the steroidogenic acute regulatory protein
(StAR). In turn this initiates a series of enzymatic reactions
involving P450 cytochromes resulting in cortisol synthesis
using cholesterol as a substrate [5]. A negative feedback loop
is completed via increased cortisol levels which negatively
regulate the activity of the HPA axis and subsequently its
own production. This occurs at the level of the pituitary gland,
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where cortisol inhibits ACTH release, and at the level of the
PVN, where it inhibits synthesis and release of CRH and AVP
[6]. In stress-free states cortisol secretion is characterized by
both circadian and ultradian rhythms. It is secreted in a pul-
satile fashion through a 24-hour cycle with peak levels
observed during the awake phase. Physical and psychological
stress, inflammation, several medications and genetic factors
affecting receptors, binding proteins, and adrenal enzymes
also affect the HPA axis and subsequently cortisol secretion
[7]. Table 12.2 summarizes the most common causes of
altered cortisol-binding globulin (CBG) levels and CBG
affinity for cortisol which in turns alters measured serum
total cortisol levels [7].

Going back to the clinical case, his morning serum total cor-
tisol level was 3.6 ug/dL. Given the low morning total cortisol
level,an ACTH stimulation test was performed that same after-
noon and revealed a poor total cortisol response (Table 12.3).
The endocrine inpatient service was then consulted to provide
further guidance on management and treatment of this patient.
Did he indeed have Al, and, if so, is this primary or secondary
AI? In primary Al there is impaired secretion of adrenal gluco-
corticoid and mineralocorticoid hormones due to primary
destruction or dysfunction of the adrenal glands with character-
istic lab findings of elevated plasma ACTH levels and low
serum cortisol levels. The adrenal gland dysfunction may be due
to an autoimmune process (Addison’s disease, polyglandular
autoimmune syndrome types 1 and 2), hemorrhage within the
adrenal gland, metastasis, infection (tuberculosis, HIV, dissemi-
nated fungal infections), or drugs that inhibit cortisol biosynthe-
sis (such as etomidate, ketoconazole, fluconazole) [8]. Our
patient did not have an ACTH level checked during the initial
ACTH stimulation test, so this information was not available to
us at the time. There was no personal or family history of any
autoimmune disease. He had undergone several imaging stud-
ies of his abdomen including two CT scans that showed normal
appearance of both adrenal glands without any evidence of
hemorrhage, atrophy, or enlargement (Fig. 12.1). A review of his
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TaBLE 12.3 Cosyntropin stimulation test on our patient the day of
transfer from the MICU to medical floor

Total Aldosterone
ACTH cortisol ng/dL
Endocrine test pg/ml ug/dL
Baseline Not 2.3 Not checked
(04:20 PM) checked
30 min (04:50 PM) 6.6
60 min (05:20 PM) 742

2322% increase from baseline

FiGURE 12.1 Abdominal CT without contrast. Adrenal glands both
appeared normal

drug history prior to and during his hospitalization confirmed
that he had not been exposed to any of the drugs that could
lead to primary adrenal insufficiency. His exam did not reveal
any skin hyperpigmentation, which is commonly seen in pri-
mary Al. He had chronic hyponatremia, but there was no
hyperkalemia in his chemistry labs. Taking into consideration
the above data, we considered his risk for primary Al to be low.
What about his risks for secondary AI? There was no available
pituitary imaging, and, therefore, a pituitary mass causing sec-
ondary Al could not be excluded. Apart from the brief use of
prednisone at the outside hospital, there was no prior history of
oral glucocorticoid use. He was, however, on a glucocorticoid
inhaler, budesonide160 mcg/actuation twice a day, which could
potentially lead to HPA axis suppression and secondary Al [9,
10]. Woods et al. reported that in patients using inhaled gluco-
corticoids without additional glucocorticoid therapy, 20.5% had
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abnormal ACTH stimulation test results. The ACTH stimula-
tion test failure rates were 21.2% for patients taking fluticasone,
16.7% for beclomethasone, and 19.1% for budesonide [10].
According to this data, one of his risks for secondary Al was the
use of an inhaled glucocorticoid. We should also take into con-
sideration that he was critically ill. Is it possible that critical ill-
ness per se could be the cause of AI?

Before addressing this question, we should first review the effect
of critical illness on the HPA axis and cortisol secretion During
critical illness, there is stress-induced activation of the HPA
axis with subsequent increases in cortisol secretion. There is
extensive medical literature on Al observed during critical ill-
ness, a condition also known as critical illness-related cortico-
steroid insufficiency (CIRCI). This clinical entity was first
described in 1946 by Dr. Hans Selye, a pioneering Austrian-
Canadian endocrinologist of Hungarian origin, who was the
first to demonstrate the existence of biological stress and con-
ducted studies on the hypothetical nonspecific response of an
organism to stressors. Although he did not describe all of the
many aspects of glucocorticoid action, he was aware of their
role in the stress response [11]. Later, a distinction was made
between “absolute” and “relative” adrenal insufficiency in the
critically ill. Absolute adrenal insufficiency is well-character-
ized and understood and refers to an unequivocal failure of
cortisol production; it is divided into primary, secondary, and
iatrogenic adrenal insufficiency, depending on the etiology [12,
13]. In contrast, “relative adrenal insufficiency” (RAI) is a
highly controversial term that refers to an apparent functional
deficiency acquired during critical illness and implies an insuf-
ficiently activated adrenal cortex relative to the degree of
stress, even when plasma cortisol levels are higher than during
the healthy non-stressed state [14].

What are the mechanisms that might lead to adrenal insuffi-
ciency during acute illness and sepsis? In many acutely ill or
septic patients, a “dissociation” between ACTH and cortisol
concentrations is observed, with low plasma ACTH levels
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and normal or elevated serum cortisol concentrations.
Underlying mechanisms leading to this hormonal dysregula-
tion during acute illness are poorly understood [15]. Based on
evidence from experimental studies, HPA axis dysregulation
was considered to be due to the negative effect of cytokines
such as TNF and IL-1p on CRH-stimulated ACTH release
[16]. Different sets of data are suggestive of increased free
(not total) serum cortisol levels during acute illness as well as
reduced cortisol clearance due to diminished expression and
activity of cortisol-metabolizing enzymes. Both lead to ele-
vated cortisol levels and, in turn, to suppression of ACTH
secretion [11]. Moving away from the hypothalamus and
pituitary, Al in acutely ill patients with sepsis may be caused
by structural damage to the adrenal glands due to hemor-
rhage or infarction as it is known that certain pathogens show
specific tropism to the adrenal glands. Lastly, a functional
impairment of glucocorticoid synthesis and tissue resistance
has been described in sepsis; it is postulated that this “gluco-
corticoid resistance” could explain the increased size of adre-
nal glands in patients with prolonged sepsis. It has been
reported that increased adrenal gland volume positively cor-
relates with the survival rate of critically ill patients, and
consequently the size of the adrenal glands has been sug-
gested as a predictor of sepsis outcome [17].

CIRCI and RAI remain controversial clinical entities, and
possible mechanisms continue to be debated. The diagnosis
of Al and identification of those critically ill patients with Al
who may potentially benefit from glucocorticoid therapy
have differed significantly in the published literature, depend-
ing on the population of patients studied and the diagnostic
criteria used [11, 18]. Various studies have recommended dif-
ferent diagnostic criteria for RAI [19]. For example, Annane
et al. proposed that a subnormal serum cortisol incremental
response (<9 pg/dL) to exogenous ACTH administration,
regardless of the baseline cortisol concentration, is suggestive
of RAI [20]. Other studies recommend that a random serum
total cortisol <10 pg/dL during critical illness is diagnostic of
the presence of Al [18]. Despite a large body of literature,
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there is no consensus today about how to assess adrenal func-
tion in the critically ill patient. The use of the ACTH stimula-
tion test, measuring serum total cortisol to predict the need
for glucocorticoid therapy, is no longer recommended in
patients with acute illness [18, 21, 22].

Studies have shown that during an acute illness, there is an
immediate fall in the circulating levels of the binding proteins,
cortisol-binding globulin (CBG), and albumin. CBG binding
affinity is also acutely altered in the presence of elevated body
temperature (febrile illness) and cleavage by neutrophil elas-
tase [11]. Are these changes in the binding proteins important?
Cortisol is a lipophilic molecule transported in the circulation
bound to CBG and albumin. CBG binds 80-90% of circulating
cortisol with high affinity and low capacity, whereas albumin
binds only 10-15% of cortisol with low affinity. In normal
healthy states, only a small fraction (5-10%) of cortisol is
unbound, biologically active, and free to enter cells, where it
interacts with glucocorticoid receptors, provides feedback inhi-
bition in the hypothalamus and pituitary gland, and is ulti-
mately responsible for its cellular functions. In acute illness,
low CBG levels and decreased CBG binding affinity translate
into lower-than-anticipated measured total serum cortisol con-
centrations and can thereby lead to the incorrect conclusion
that adrenal function is impaired in critical illness [1].

How would you interpret an ACTH stimulation test in a
patient who is acutely ill with sepsis and decompensated liver
disease? Would you recommend treatment with glucocorti-
coids based on the current available data? Assessing adrenal
function in patients who are chronically ill with an acute
decompensation in their health status is extremely challeng-
ing and complex. As discussed earlier, it is suggested that
measured levels of serum total cortisol and the cortisol
response to a cosyntropin stimulation test are not reliable
markers of adrenal function in a patient with an acute illness
[1]. The same notion applies to patients with liver disease and
advanced cirrhosis [23]. Several studies have reported that Al
is common in patients with compensated and decompensated
liver disease. Based on the same literature, cirrhosis is consid-
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ered to be one of the risk factors for the development of AI;
the term “hepato-adrenal” syndrome has been used to label
apparent Al observed in this patient population [24].

The term “hepato-adrenal” syndrome was introduced by
Marik et al. in 2005 to describe the presence of Al in patients
with advanced liver disease with sepsis and/or other compli-
cations [24]. The hypothesis is that Al may be a feature of
liver disease per se, but the pathophysiology of the “hepato-
adrenal” syndrome remains largely unknown [25]. Similar to
acute illness and sepsis, suggested mechanisms of Al in liver
disease include increased levels of endotoxins, bacterial
translocation of enteric organisms, structural damage to the
adrenal glands, glucocorticoid resistance, and decreased
serum levels of apoA1l, HDL, and LDL cholesterol, which is
the substrate for cortisol synthesis. These mechanisms are all
hypothetical, and treatment with corticosteroids in this
patient population remains controversial [26].

Several groups have studied the prevalence of Al in
patients with liver disease, but the prevalence rates vary
widely from 10% to 92% [25]. These significant discrepancies
in the prevalence of Al in cirrhosis can be explained by dif-
ferences in testing conditions or formulas used to estimate
free cortisol levels as well as different criteria and cutoff
levels used for establishing the diagnosis of AI. While the GI
community seems convinced that RAI and hepato-adrenal
syndrome are clinical entities and characteristic of liver dis-
ease, the endocrine community remains skeptical whether
these syndromes exist. Serum total cortisol is not a reliable
assay in patients with dysproteinemia. Patients with advanced
liver disease and pronounced hypoalbuminemia are often
misdiagnosed as having AI when the diagnosis is made based
on the serum total cortisol levels. The main challenge is to
find a reliable way to assess adrenal function in states of ill
health, such as critical illness, sepsis, cirrhosis, and malnutri-
tion, which are all associated with low serum albumin and
CBG levels and compromised cortisol binding to these car-
rier proteins. Our patient’s total cortisol response to ACTH



Chapter 12. Adrenal Insufficiency, “Relative Adrenal... 151

stimulation is difficult to interpret given his significant hypo-
albuminemia and dysproteinemia.

Serum free cortisol (SFC) represents a more accurate
assessment of adrenal function in patient populations with
abnormal levels of binding proteins [2, 27]. Several formulas
of variable complexity have been validated for estimation of
SFC. The most widely used formulas are the free cortisol
index (FCI) and Coolens’ equation. The FCI, a ratio of the
serum total cortisol level to the CBG level, is the simpler of
the two formulas, but it does not take into account the CBG
saturability in high-cortisol states and the changes in its bind-
ing affinity in certain illnesses. Coolens’ formula, which is
more complex than the FCI, calculates the free cortisol con-
centration based on the following equation: “U2 x K (1 + N)
+U[1+N+K(G-T)]-T=0,where T is total cortisol, G
is CBG, U is unbound cortisol, K is the affinity of CBG for
cortisol at 37 °C, and N is the ratio of albumin-bound to
albumin-unbound cortisol. It is considered to provide a more
accurate estimation of SFC levels when CBG is saturated, but
it does not account for changes in albumin levels or CBG
affinity. Due to the above limitations, this formula has been
proven to lack accuracy in patients with sepsis [28]. The limi-
tations of these indirect methods are the oversimplification of
a highly complex system as well as the incorporation of mul-
tiple sources of error [29].

Given the limitations of estimation formulas, it is recom-
mended that evaluation of adrenal function in cases of dys-
proteinemia be performed using a direct measurement of
SFC levels. This involves first separating cortisol that is bound
to CBG or albumin from the SFC, followed by quantification
of SFC by immunoassay or liquid chromatography-tandem
mass spectrometry (LC-MS/MS). The most common tech-
niques used to separate bound cortisol from free cortisol in
the serum are equilibrium dialysis and ultrafiltration.
Equilibrium dialysis involves incubating the serum in a com-
partment with a semipermeable membrane that CBG is not
able to cross, while ultrafiltration involves centrifugation of
serum samples in a tube fitted with a filter that has pores
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smaller than CBG molecules [7 29]. However, these SFC
assays are expensive and time-consuming, and the results are
usually delayed, making them inconvenient for routine clini-
cal practice and unsuitable for guiding acute clinical deci-
sions. Another limiting factor is the lack of specific criteria for
diagnosis of AT using SFC levels [11].

Are there diagnostic criteria for AI using SFC measure-
ments? Current standards for defining Al are based on total
serum cortisol levels in healthy persons with normal CBG
levels. There have been no large studies that have explored
the best threshold for identifying patients with or without Al
using SFC. Trying to compare the cutoff values previously
recommended for SFC is problematic since each study has
used different assays and studied different patient popula-
tions [23]. The main question is how low should the SFC be
to warrant consideration of treatment with glucocorticoids?
Rauschecker et al. performed a study aiming to create a nor-
mative database of SFC responses to ACTH stimulation (250
mcg) in healthy volunteers and to compare this with the
responses of patients with documented primary Al, second-
ary Al, and cirrhosis (Child-Pugh class A or B) [2]. The
authors found that the optimal peak SFC level criterion to
correctly diagnose Al patients vs. healthy volunteers was a
response of at least 0.9 ug/dL (25 nmol/L) (sensitivity 95%
and specificity 100%) [2]. This study did not include patients
with more advanced liver disease. Therefore, data regarding
normal or abnormal SFC levels and the SFC response to
ACTH stimulation remains limited.

Returning to the clinical case, given the initial abnormal
serum total cortisol response to ACTH (cosyntropin) stimula-
tion, replacement doses of hydrocortisone (HC) were initiated
by the primary team. Prior to initiating HC replacement, the
Endocrinology Consult Service recommended a repeat cosyn-
tropin stimulation test measuring serum total cortisol as well as
SFC and aldosterone at all three time points (baseline, 30 and
60 min). His baseline ACTH level was also checked this time.
Results of the second stimulation test are shown in Table 12.4.
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TaBLE 12.4 ACTH (cosyntropin) stimulation test results on our
patient

Total Free Aldosterone
ACTH cortisol cortisol ng/dL
Endocrine test  pg/ml  ug/dL ug/dL
Baseline 16 3.2 0.37 5
(05:43 AM)
30 min 72 1.01 16
(06:05 AM)
60 min (06: 8.5% 1.33° 19¢
35 AM)

266 % increase from baseline
"360% increase from baseline
°380% increase from baseline

His ACTH levels were normal, and there was an appropriate
aldosterone response. Based on this data, primary Al was ruled
out. His serum total cortisol levels remained low with a persis-
tent suboptimal response to cosyntropin stimulation. His SFC
levels, however, peaked at 1.33 ug/dL, which is higher than the
recommended cutoff of 0.9 ug/dL [2]. He underwent a pituitary
MRI which did not reveal any pituitary structural lesions
(Fig. 12.2). He had been on treatment with a glucocorticoid
inhaler, which increased the risk of secondary Al based on the
study by Woods et al. [10]. Nevertheless, given the threefold
increase in his SFC levels with a peak value above the recom-
mended diagnostic threshold, we considered a diagnosis of
secondary Al also unlikely. Our biochemical/laboratory diag-
nosis was confirmed by the lack of symptomatic improvement
with glucocorticoid treatment initiated by the primary team;
his blood pressure remained in the low to low-normal range
even on HC treatment. Based on the above laboratory and
clinical data and taking into consideration the high risk for
infection while on glucocorticoid treatment, we recommended
discontinuation of glucocorticoids. He was monitored off-
treatment for 1 week, and it was reassuring that his vital signs
improved and he eventually recovered without
glucocorticoids.
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FiGure 12.2 Pituitary MRI. Normal-appearing pituitary gland (a, T1
sagittal; b, T1 coronal; ¢, T2 coronal view)

Assessing adrenal function during acute illness or in
patients who are chronically ill with an acute decompensation
in their health status is extremely challenging and complex. It
is suggested that in acute illness, serum total cortisol levels
and the response of total cortisol to a cosyntropin stimulation
test are not reliable markers of adrenal function due to hypo-
albuminemia, low serum CBG levels, and altered CBG affin-
ity for cortisol binding. The same notion applies to patients
with liver disease and advanced cirrhosis. Direct measure-
ment of SFC by ultrafiltration followed by LC-MS/MS is the
most accurate way to quantify the biologically active free
fraction of cortisol and address many of the challenges that
we face in the evaluation of the HPA axis in the abovemen-
tioned patient population. There is limited data on the best
diagnostic criteria for Al using SFC assays. Thus, it is of para-
mount importance that baseline and post-ACTH stimulation
reference ranges be established for SFC using LC-MS/
MS. The serum total cortisol level might still be the most cost-
and time-effective measurement for evaluating the HPA axis
in many clinical situations; total serum cortisol values greater
than 18 ug/dL usually rule out significant AI. However, con-
sideration of SFC measurement is useful in more complicated
situations when total cortisol levels may be misleading due to
dysproteinemia and do not adequately explain the patient’s
clinical presentation [7].
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Chapter 13

Pseudo-Cushing’s
Syndrome: A Diagnostic
Dilemma

Teresa Brown, Regina Belokovskaya,
and Rachel Pessah-Pollack

Case Presentation

A 29-year-old female was referred to our institution for trans-
sphenoidal approach (TSA) for presumed Cushing’s disease
after an outside hospital evaluation showed evidence of
hypercortisolism. During the year prior to the referral, she
had experienced a 25 pound weight gain, a diagnosis of pre-
diabetes, fatigue, and depressed mood. She had a past medical
history of obesity but no other relevant conditions.

On review of systems, she endorsed insomnia, increased
stress, hirsutism on the chest and chin, facial redness, muscle
aches, and headaches. She denied easy bruising or fractures.
She was on an estrogen-containing oral contraceptive pill
(OCP) and reported regular menstrual cycles. Her OCP had
not been discontinued for the biochemical evaluation.

Chart reviewed revealed the following laboratory results:
Two urinary free cortisol (UFC) collections were obtained.
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The first UFC was 126.8 ug/24 hours (normal <45 ug/24 hours)
with a volume of 2300 ml (normal, 700-1600 ml) and a
24-hour urinary creatinine of 3.28 g/volume (normal, 0.63-
2.5); the second UFC was 53.2 ug/24 hours with a volume of
1750 cc and a 24-hour urinary creatinine of 1.8 g/volume. Two
late-night salivary cortisol levels were within normal range,
0.074 and 0.080 ug/dl (normal <0.112 ug/dl).

Two separate 1 mg dexamethasone suppression tests
(DST) revealed inappropriate suppression with serum corti-
sol levels of 72 and 3.1 ug/dl (dexamethasone level = 415 ng/
dl; target: 140-295 ng/dl). Plasma ACTH levels were checked
with the DSTs and both were <5 pg/ml.

Additional labs on a separate day showed a serum cortisol
level of 17 ug/dl, a plasma adrenocorticotropic hormone
(ACTH) level of 9 pg/ml (normal, 6-58 pg/ml), and dehydro-
epiandrosterone sulfate (DHEA-S) of 155 ug/dl (normal,
65-380 ug/dl).

An MRI of her pituitary did not reveal a pituitary adenoma.
The etiology of her hypercortisolism was further assessed with
inferior petrosal sinus sampling (IPSS) at the outside institu-
tion, and results (plasma ACTH levels) were as follows:

Time Peripheral Right central Left central
0 23 19.6 36.1
2 2.6 325 272
5 35 974 1404
10 6 193.5 2211
15 4.7 73.9 1104

In the setting of a central-to-peripheral plasma ACTH
gradient >2 before CRH administration and >3 after CRH,
she was referred to our institution for TSA for a presumed
pituitary source. Her transsphenoidal surgery was compli-
cated by a cerebrospinal fluid leak and required abdominal
graft placement. At the time of surgery, no definite adenoma
was seen. Pathology was remarkable for fragments of normal
adenohypophysis and neurohypophysis.
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Our consult service was requested postoperatively. Vital
signs on postoperative day zero upon our consultation were
as follows: blood pressure 133/77, T 99.9 F, heart rate 78, respi-
ratory rate 20, weight 90.3 kg, and BMI 30.3. The patient had
a full round face with some facial redness and a dorsocervical
fat pad. There were no hyperpigmented striae appreciated.

Serum cortisol levels on postoperative days 1, 2, and 3
were 22, 26, and 15 ug/dl, respectively.

Her postoperative course was complicated by a pulmonary
embolus, and she was started on rivaroxaban (Xarelto). She
was also treated with insulin for hyperglycemia as she could
not tolerate metformin and did not want to take oral medica-
tions. She also stopped her estrogen-containing OCP.

Two weeks after stopping the estrogen-containing OCP, she
was evaluated as an outpatient in our clinic. She had a morn-
ing serum cortisol level of 15.2 ug/dl and a plasma ACTH level
of 11 pg/ml. She had two late-night salivary cortisol levels of
0.091 and 0.047 ug/dl (normal <0.112 ug/dl). Her initial post-
operative UFC was 71.4 ug/24 hours (normal <45 ug/24 hours).

About 6 weeks after stopping the estrogen-containing
OCP, her AM cortisol level was 7.6 ug/dl and her UFC was 30
ug/24 hours. A repeat 1 mg dexamethasone suppression test
exhibited appropriate suppression.

Physiologic Causes of Hypercortisolism
(Non-neoplastic)

Endogenous hypercortisolism can be either physiologic (non-
neoplastic) or pathologic (neoplastic). There are many causes
of non-neoplastic hypercortisolism, or “pseudo-Cushing’s
syndrome,” which can make neoplastic Cushing’s syndrome
one of the most challenging diagnoses to make in clinical
endocrinology.

A number of stressors have been found to increase hypo-
thalamic pituitary adrenal (HPA) axis activity, and the labora-
tory findings in these patients can be similar to those with
states of pathologic hypercortisolism [1-3]. Subtle activation of
the HPA axis may lead to mild increases in cortisol production
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Table 13.1 Causes of ‘Alcoholism
physiologic hypercortisolism )
(pseudo-Cushing’s syndrome) ~ Alcohol withdrawal

Uncontrolled diabetes
mellitus

Starvation/malnutrition
Pregnancy

Chronic intense exercise
Chronic kidney disease

Psychiatric disease

Glucocorticoid resistance

Reference [5]

that can be similar to those found in subclinical Cushing’s syn-
drome [4]. The most common causes of non-neoplastic physi-
ological hypercortisolism, or pseudo-Cushing’s syndrome, are
alcoholism and alcohol withdrawal, chronic kidney disease,
depression or neuropsychiatric disease, pregnancy, uncon-
trolled diabetes, starvation/malnutrition, chronic intense exer-
cise, and glucocorticoid resistance [5] (see Table 13.1). This
chapter will focus on the diagnosis and evaluation of the non-
neoplastic etiologies of hypercortisolism that clinicians com-
monly face in their assessment of Cushing’s syndrome.

Alcohol-Induced Hypercortisolism

Alcohol-induced cortisol hypersecretion is a well-known phe-
nomenon. Differentiating pathologic Cushing’s syndrome from
alcohol-induced hypercortisolism is challenging because of
similarities in some of the diagnostic tests and potential limita-
tions in obtaining an accurate history regarding a patient’s
alcohol consumption. Excessive alcohol intake increases corti-
sol secretion acutely and chronically [6, 7]. This is primarily
mediated through the activation of hypothalamic corticotropin
releasing hormone (CRH) secretion into the portal veins,
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stimulating the anterior pituitary gland to produce excessive
ACTH [8, 9]. Vasopressin secretion may also be increased sec-
ondary to alcohol and may augment the ACTH response to
CRH. Because hepatic dysfunction is also common in alcohol-
ics, impaired peripheral clearance of cortisol may contribute to
the elevated serum cortisol levels [10]. Late-night salivary
cortisol and UFC measurements may also be increased in
patients with alcohol-induced hypercortisolism. Furthermore,
the overnight dexamethasone suppression test and dexameth-
asone-CRH test are often abnormal in the setting of active
alcohol consumption and cannot be used to differentiate alco-
hol-induced hypercortisolism from pathologic Cushing’s syn-
drome [11, 12]. In contrast to true Cushing’s disease, however,
there may be no ACTH response to stimulation with desmo-
pressin (DDAVP) in alcohol-induced pseudo-Cushing’s syn-
drome (similar to healthy subjects) [13]. Probably the best way
to help differentiate between alcohol-induced hypercorti-
solism and true Cushing’s syndrome is to have the patient
abstain from alcohol; the clinical features of alcohol-induced
pseudo-Cushing’s often resolve with alcohol abstinence [14].

Neuropsychiatric Conditions

Since Cushing’s syndrome is often complicated by neuropsy-
chiatric illnesses, proper differentiation of the cause of
hypercortisolism becomes challenging in patients with neuro-
psychiatric conditions. Many of these disorders, especially
psychotic depression, have been associated with increases in
HPA axis activity [15]. Resistance to cortisol negative feed-
back can also be caused by decreases in the sensitivity of
glucocorticoid and possibly mineralocorticoid receptors [16].
Many patients with underlying neuropsychiatric conditions
have abnormal low-dose dexamethasone suppression tests as
well as increased late-night salivary cortisol levels and UFC
[17]. As the dexamethasone-CRH test can be used in the
diagnosis of depression, biochemical discrimination between
true pathologic Cushing’s syndrome and physiologic stimula-
tion of the HPA axis from neuropsychiatric disorders can be
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very difficult [18]. Thus, it is often important to obtain psy-
chiatry involvement in the care of these patients to help dif-
ferentiate the underlying diseases.

Type 2 Diabetes, Metabolic Syndrome, and Insulin
Resistance

Patients with Cushing’s syndrome often also have type 2 dia-
betes mellitus. In fact, since many of the clinical features are
similar, these patients may go undiagnosed. The prevalence of
Cushing’s syndrome in patients with type 2 diabetes has been
cited to be as high as 3% [19]. Increased late-night salivary
cortisol concentrations have been found in some patients
with poorly controlled type 2 diabetes mellitus [20]. However,
variations in glucose levels do not have a major correlation
with salivary cortisol excretion in diabetes mellitus [21]. It has
also been suggested that patients with obesity, metabolic syn-
drome, and insulin resistance may have “tissue-specific”
Cushing’s syndrome. One proposed explanation is that
increased adipose expression of 11-p-hydroxysteroid dehy-
drogenase 1 may generate increased tissue cortisol levels [22].
Therefore, subtle abnormalities in HPA axis function in
patients with diabetes, especially with poor glycemic control,
should be interpreted with caution.

Pregnancy

Pregnancy is associated with increased levels of serum total
cortisol as well as serum free cortisol and salivary cortisol,
especially during the third trimester [23-25]. The increase in
total cortisol is primarily due to the increases in corticosteroid-
binding globulin (CBG) levels as pregnancy progresses, but
the increase in free, biologically active cortisol is ACTH-
mediated [23, 26]. The increase in plasma ACTH has been
attributed to placental secretion of both CRH and ACTH, the
increase in progesterone acting as a glucocorticoid antagonist,
and a decrease in glucocorticoid negative feedback sensitivity
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[23]. CRH-binding protein also increases during pregnancy
[27-29]. The diagnosis of Cushing’s syndrome in pregnancy,
though uncommon, must be based on clinical and biochemical
evidence of hypercortisolism [23].

Starvation/Eating Disorders

Starvation-equivalent disorders may be associated with hyper-
cortisolism. Patients in the intensive care unit for long periods
of time have significant loss of muscle mass mediated in part by
hypercortisolism [30]. Increases in serum cortisol levels have
also been observed in healthy women undergoing low-calorie
dieting and in women with significant weight loss after bariatric
surgery [31]. Starvation associated with some eating disorders
activates the HPA axis with varying degrees of hypercortisolism
[30, 32]. Patients with anorexia nervosa have an attenuated
ACTH response to CRH likely due to negative feedback of
cortisol on the corticotrophs of the anterior pituitary [33]. The
dexamethasone-CRH test may also be abnormal in patients
with anorexia [33], but DDAVP does not stimulate ACTH in
these patients, which is similar to healthy subjects [32]. Severity
of bone loss and hypothalamic amenorrhea both correlate with
the degree of hypercortisolism in these women [34, 35]. While
patients with starvation disorders do not fit the typical clinical
Cushing’s syndrome profile (weight gain, obesity), it is impor-
tant to be mindful of some of the biochemical changes that are
associated with these disorders.

Tests for Diagnosis of Cushing’s Syndrome

The 2008 Endocrine Society guidelines recommend using
one or more of three different measures for the initial test-
ing for suspected Cushing’s syndrome. These include a
24-hour UFC, an overnight 1 mg dexamethasone suppres-
sion test (DST), and late-night salivary cortisol (LNSC)
levels [36]. If initial testing is normal, it is unlikely that the
patient has Cushing’s syndrome; however, if there is high



166  T.Brown et al.

clinical suspicion and normal test results, a referral to an endo-
crinologist is recommended. If abnormal results are noted on
initial testing (e.g., elevated UFC on two occasions, abnormal
overnight 1 mg DST, or elevated LNSC levels on two repeat
tests), it is important to perform one of the other two tests, if
not already performed, and/or repeat the abnormal study and
then exclude physiologic causes of hypercortisolism.

It is also essential to note that the assay used can play a
role in the reliability of the test. Cortisol metabolites and
synthetic glucocorticoids can alter antibody-based immuno-
assays like RIA and ELISA. Structurally based assays such as
high-performance liquid chromatography (HPLC) and liquid
chromatography tandem mass spectrometry (LC-MS/MS)
are not as likely to be falsely altered, although some drugs,
like carbamazepine and fenofibrate, may falsely increase
UFC results measured by the structurally based assays [36].

Urinary Free Cortisol (UFC) Level

There are important considerations in evaluating a UFC level.
This test measures unbound cortisol and, therefore, is less
likely to be affected by medications and conditions that can
alter CBG, such as pregnancy or oral estrogens. The patient
should avoid using glucocorticoid-containing substances, such
as creams, and should not drink excess fluids >5 L/day on the
day of collection as high urine volume can falsely elevate
results. Values can be falsely low when a patient’s creatinine
clearance is <60 ml/min, and levels fall linearly in relationship
to the severity of renal disease [37]. It is also important to note
that UFC can be normal in some patients with mild Cushing’s
syndrome [38] and also in those with cyclic disease. The UFC
is often less than three times the upper limit of normal in
patients with non-pathologic hypercortisolism [39].

Late-Night Salivary Cortisol (LNSC)

In evaluating a LNSC test, it is important to note that ELISA
and LC-MS/MS are the most well-validated assays [40].
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In shift workers, patients with depression, and critically ill
patients, the circadian rhythm, in which cortisol levels normally
begin to rise at 3:00-4:00 AM, reach a peak at 7:00-9:00 AM,
and then subsequently fall throughout the rest of the day, may
be blunted or absent [41-43]. Noteworthy also is that the sali-
vary glands express 11 B hydroxysteroid dehydrogenase type
2, the enzyme that converts biologically active cortisol to inac-
tive cortisone. In patients who use licorice or chewing tobacco,
both of which contain an enzyme called glycyrrhizic acid, an
11B-HSD2 inhibitor, the LNSC, may be falsely elevated.
Smokers are known to have higher LNSC levels than non-
smokers [44], and, therefore, a patient should be advised not to
smoke on the day of collection. Contamination of the collec-
tion kit by steroid-containing substances, such as creams, may
lead to false-positive results. Patients should also be advised to
collect the sample after a quiet evening, as stress can increase
salivary cortisol levels [45]. Salivary cortisol measurements are
a better choice in patients on estrogen-containing OCPs [39].

1 mg Dexamethasone Suppression Test (DST)

It is important to note that using higher dexamethasone doses
of 1.5 or 2.0 mg has not been found to significantly improve the
accuracy of the 1 mg DST [46]. Dexamethasone metabolism in
individual patients can affect the results of the 1 mg DST.
Drugs that induce the hepatic clearance of dexamethasone via
the CYP 3A4 enzyme (phenytoin, phenobarbital, carbamaze-
pine, rifampicin, and alcohol) can reduce plasma dexametha-
sone levels and result in false-positive results. Drugs that
impair dexamethasone metabolism via inhibition of CYP 3A4
(aprepitant/fosaprepitant, itraconazole, ritonavir, fluoxetine,
diltiazem, and cimetidine) can increase dexamethasone levels
and potentially produce false-negative results. Patients with
liver or renal failure may also have reduced clearance of dexa-
methasone. There is also variation in dexamethasone metabo-
lism among healthy individuals with no other medical problems.
It is therefore recommended that a serum dexamethasone
level be measured along with the cortisol level to ensure that
plasma dexamethasone concentrations are appropriate.
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Table 13.2 Drugs that Drugs that increase
impair interpretation of dexamethasone
1 mg dexamethasone metabolism

suppression test
Phenobarbital

Phenytoin
Carbamazepine
Primidone
Rifampin
Rifapentine
Ethosuximide
Pioglitazone

Drugs that decrease
dexamethasone
metabolism

Aprepitant/fosaprepitant
Itraconazole

Ritonavir

Fluoxetine

Diltiazem

Cimetidine

The 1 mg DST results in false-positive result in up to 50% of
females taking oral contraceptive pills [47] (see Table 13.2).

Midnight Serum Cortisol Test

The midnight serum cortisol test can be performed while the
patient is awake or asleep. In patients for whom there is high
suspicion for Cushing’s syndrome but who have a normal UFC
and adequate suppression on dexamethasone testing, a sleeping
midnight serum cortisol >1.8 ug/dl or awake cortisol value >7.5
ug/dl increases the probability of Cushing’s syndrome [48].
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When there is lower suspicion but a mildly elevated UFC or
lack of suppression on dexamethasone testing, a sleeping corti-
sol value <1.8 ug/dl excludes Cushing’s syndrome [49]. A sleep-
ing cortisol value <1.8 ug/dl excludes Cushing’s syndrome in
those who fail to suppress on dexamethasone suppression test-
ing due to medications, such as anticonvulsants [49]. To obtain
this test, a patient should be admitted to the hospital for more
than a 48-hour period to avoid false positives from the stress of
hospitalization. Blood should be drawn within 5-10 minutes of
waking the patient or from a line (awake or asleep). An awake
midnight serum cortisol is significantly easier to obtain and is
associated with a normal cutoff value of 75 ug/dl [39].

The 48-Hour 2 mg/day DST and Dex-CRH Tests
Are Second-Line Tests Which Can Be Utilized
in Certain Situations

In patients with suspected non-neoplastic hypercortisolism
from conditions such as psychiatric disease, morbid obesity,
alcoholism, and diabetes, the 48-hour, 2 mg/day low-dose DST
(LDDST) can be utilized because UFC measurements are less
useful in this situation [36]. Two weeks of abstinence from alco-
hol is necessary to reduce the false-positive rate on this test [44].

The dexamethasone-CRH (Dex-CRH) test is a second-
line test consisting of the 48-hour 2 mg/day LDDST (described
above) followed by the administration of 1 ug/kg of IV CRH
2 hours after the last dose of dexamethasone. Cortisol is sub-
sequently measured 15 minutes after the CRH is adminis-
tered. A dexamethasone level should be measured when
CRH is administered.

Inferior Petrosal Sinus Sampling (IPSS):
Use and Interpretation

Only after a biochemical diagnosis of pathologic ACTH-
dependent Cushing’s syndrome has been established should
imaging of the pituitary be performed. When the MRI fails to
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localize the lesion or gives ambiguous results, IPSS should be
considered. It is a minimally invasive method that can help
identify a pituitary source of excess ACTH to diagnose
Cushing’s disease. The diagnosis of Cushing’s disease is con-
firmed by a baseline IPSS central/peripheral ratio >2 or
CRH-stimulated IPSS central/peripheral ratio >3 [50].

The use of IPSS for lateralization of corticotroph microad-
enomas remains controversial and has not yet replaced the
thorough examination of the pituitary gland by an experi-
enced neurosurgeon after the diagnosis of Cushing’s disease
has been made [51].

Discussion of Our Case

A critical factor to consider in the evaluation of our patient
that contributed to her incorrect diagnosis was the use of an
estrogen-containing OCP throughout the initial workup
period; this likely led to false-positive results on the dexa-
methasone suppression test. Oral contraceptives increase the
serum total cortisol concentration by increasing circulating
CBG, while the unbound fraction is not influenced [52].
Therefore, serum total cortisol levels in a 1 mg DST could be
elevated despite there being no increased activity of the HPA
axis in someone using OCPs.

In a study by Crewther et al., the mean salivary cortisol
values in women taking OCPs were similar to those of con-
trols throughout the day, demonstrating that salivary cortisol,
as an unbound fraction, is not affected by the OCP-induced
increase in CBG [53]. This was confirmed in another study by
Manetti et al., who also reported that the mean values of sali-
vary cortisol in women on OCPs were similar to those of
controls [54]. Of note, our patient’s initial evaluation revealed
normal salivary cortisol levels while on an OCP.

Furthermore, Crewther et al., evaluated 24-hour UFC
excretion in women on OCPs and found them not to be sig-
nificantly elevated in any of the subjects [55]. Jung et al.,in an
earlier study, also reported that 24-hour UFC levels were not
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significantly elevated in subjects on OCPs [25]. The latter
study, however, did demonstrate modestly higher mean UFC
levels of 114 +/— 15 nmol/day (41 ug/day) in the OCP group
versus 78 +/— 12 nmol/day (28 ug/day) in the control group,
but the difference was not statistically significant. They also
studied UFC levels in pregnancy and found that UFC levels
increased throughout gestation and were statistically signifi-
cant higher in the pregnant cohort than in the nonpregnant
cohort. While there was not a statistical difference in UFC
levels between the OCP group and the control group, this
study did demonstrate that UFC can rise under the influence
of estrogen exposure, even if only slightly. The minimal
elevations in our patient’s UFC, therefore, may have been
confounded by her OCP use.

OCP therapy, therefore, clearly complicates the investiga-
tion of possible cortisol excess and the differentiation between
Cushing’s syndrome and physiological hypercortisolism
because of the OCP-induced increase in serum total cortisol;
assessing the free cortisol fraction by measuring LNSC levels
and the 24-hour UFC can help clarify the distinction between
these two conditions. Mudde et al., found that the results of
the 1 mg DST performed on the week after cessation of
OCPs are accurate in almost all subjects [55]; notably our
patient did not have any holiday from her estrogen-containing
OCPs during her initial workup. When evaluating a UFC,
urinary volume should also be examined; our patient did
have increased urinary volumes which may have contributed
to her false-positive results.

Studies have also validated the accuracy of LNSC levels in
the diagnosis of Cushing’s syndrome. The LNSC test has been
reported to have superior diagnostic performance compared
to UFC in diagnosing Cushing’s syndrome [56]. The mean
sensitivity and specificity of the salivary cortisol assay were
greater than 90% when data was compiled from studies of
salivary cortisol assay techniques published between 1998
and 2012 [56]. Furthermore, LNSC levels have been found to
establish remission and identify recurrence after transsphe-
noidal surgery more accurately than 24-hour UFC [57 58].
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Our patient had normal LNSC levels on her initial evalua-
tion; this was a clue that she likely had pseudo-Cushing’s
syndrome and not true Cushing’s disease.

It is also critical to note that, as mentioned above, IPSS
should not be done as part of a workup for Cushing’s disease
until a biochemical diagnosis of Cushing’s disease has been
established and then only to lateralize a potential lesion when
an adenoma has not been clearly identified on dedicated
imaging (MRI, CT) of the pituitary gland.

Conclusions

The diagnosis of neoplastic Cushing’s syndrome can be very
challenging, and it is important to exclude physiologic (non-
neoplastic) causes. A thorough physical exam and history
including concurrent medications is necessary to avoid a mis-
diagnosis of Cushing’s syndrome in the setting of confound-
ing factors. Knowledge of common causes of non-neoplastic
physiological hypercortisolism is vital in the assessment and
correct identification of Cushing’s syndrome.
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Pseudo-Cushing’s
Syndrome: Alcohol
Abuse, Obesity,

and Psychiatric Disorders

Janice M. Kerr

Case Presentation

A 58-year-old Caucasian female was noted to have progres-
sive weight gain (15 pounds over the past 12 months, BMI =26)
and fatigue (see Fig. 14.1). She also endorsed problems with
mild depression and recently reported “falling off the wagon”
because of life stressors. She also admitted to drinking half a
pint of whiskey/night for the past few months, but was now
sober for the last 14 days. She also endorsed previous problems
with alcohol withdrawal symptoms, but denied seizures and
delirium tremens. Her primary care physician noted central
weight gain and proximal muscle wasting. She was also mildly
hypertensive (BP = 142/94 mm Hg). A random a.m. cortisol
level was normal at 12 mcg/dl (normal 5-22), but her physician
was still concerned about possible Cushing’s syndrome and
requested an endocrine consult.
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FIGURE 14.1 Pseudo-
Cushing’s syndrome patient

Twelve Questions for Health Professionals
Considering Hypercortisolism in a Patient

1. What is hypercortisolism/Cushing’s syndrome and what
are its main causes?

Cushing’s syndrome is a “disease complex” from

chronically elevated cortisol, and results in multiple dis-
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turbances in metabolic, endocrinologic, and body com-
position parameters. The most common cause of
hypercortisolism is iatrogenic from prolonged glucocor-
ticoid use. Importantly, any steroid exposure of suffi-
cient dose and duration (e.g., injections, oral, inhaled,
topical, or rectal preparations) can cause Cushing’s syn-
drome, so it’s important to take a detailed medication
history before proceeding with further testing. The sec-
ond most common cause of hypercortisolism is “physi-
ologic-/mnon-neoplastic-”  related, formerly called
pseudo-Cushing’s syndrome. This is a heterogeneous
group of physiological or psychological stressors that
can stimulate the hypothalamic-pituitary-adrenal
(HPA) axis sufficiently to cause hypercortisolism.
Included in these common causes are alcoholism/alco-
hol withdrawal, neuropsychiatric diseases, poorly-
controlled diabetes mellitus (DM), and obstructive
sleep apnea. Lastly, pathological/neoplastic causes of
hypercortisolism, include an ACTH-secreting pituitary
tumor (Cushing’s disease, 70% of cases), a cortisol-
secreting adrenal adenoma (20% of cases), or an ecto-
pic ACTH-secreting tumor, the least common causes of
hypercortisolism [1].

. Why is hypercortisolism one of the most challenging
pseudo-endocrine conditions?

Hypercortisolism is a challenging diagnosis because
several of its clinical features are non-specific and com-
mon in the general population. In addition, all of the
myriad causes of hypercortisolism are potentially clini-
cally and biochemically indistinguishable, particularly in
subclinical or mild cases. Ultimately, an inability to cor-
rectly identify who should be screened for hypercorti-
solism, and/or to distinguish physiologic from pathological
causes of hypercortisolism, can lead to diagnostic and
therapeutic “misadventures,” including unnecessary test-
ing and interventions.

. What is the prevalence of pathological causes of Cushing’s
syndrome, and how should that affect your decisions about
screening patients?
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Pathological/neoplastic causes of Cushing’s syn-
drome are relatively rare. Specifically, European and US
epidemiological studies estimate the incidence of endog-
enous Cushing’s syndrome to be only 75 cases per one
million population (or 24,000 affected persons annually
in the US) [2]. This is in stark contrast to the high preva-
lence of disorders that cause physiologic/non-neoplastic
hypercortisolism: (1) obesity ~30% or 98 million of the
adult US population; (2) alcohol abuse/dependency,
5.5%, or 18 million of the adult US population; and (3)
serious mental illness, 4.0%, or 9.8 million of US adults,
per year. This broad group of disorders includes: signifi-
cant depression with psychosis, bipolar disorder, obses-
sive compulsive disorder (OCD), post-traumatic stress
disorder (PTSD), or schizophrenia. The relative rarity of
pathological hypercortisolism means that only patients
with multiple, progressive, and specific features of
Cushing’s should be screened.

. What are the specific clinical features that should prompt

evaluation for possible hypercortisolism in adults?
Important aspects of diagnosing pathological causes of
hypercortisolism include the pace and duration of symp-
toms and signs. Significant hypercortisolism is usually
associated with eventual disease progression, including
the development of clinically specific signs and worsening
metabolic manifestations (e.g., poorly controlled DM,
hypertension, osteoporosis, etc.) [1]. Specific features of
Cushing’s that should warrant further evaluation include
facial plethora/moon facies, supraclavicular fat pads, striae
[violaceous and wide (>1 cm) in the abdomen or axilla],
proximal muscle weakness (as assessed by asking patients
to rise from a chair without using their arms), or atrophic
skin changes/ecchymoses (particularly if numerous (>3),
large (>1 cm in size), and not associated with trauma such
as venipuncture). A skin fold of <2 mm (over the proximal
phalanx of the middle finger, in the nondominant hand)
has also recently been demonstrated to be a sensitive pre-
dictor for Cushing’s syndrome (see Fig. 14.2) [2]. Similarly,
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FIGURE 14.2 Specific features of Cushing’s syndrome (from left to
right): Moon facies and facial plethora, spontaneous ecchymoses
and atrophic skin changes, wide (>1 cm) violaceous striae, proximal
muscle wasting, supraclavicular fat pads and thin skin folds (<2 mm
over the proximal phalanx of the middle finger, in the nondominant
hand)

atypical/atraumatic fractures, particularly of the ribs, are
concerning for hypercortisolism. Lastly, young patients
(<35 years) who develop these clinical features (i.e., atro-
phic skin changes, spontaneous ecchymoses), atraumatic
fractures, or hypertension are more likely to have underly-
ing hypercortisolism and should be screened [3].

In contrast, non-specific features for Cushing’s syn-
drome that are common in the general population and
should not alone prompt screening include (1) signs (hir-
sutism, acne, central obesity, dorsocervical fat pad (buf-
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falo hump), impaired glucose tolerance/diabetes mellitus,
metabolic syndrome, hypertension, dyslipidemia, osteo-
penia/osteoporosis, blood clots, or edema) and (2) symp-
toms (fatigue, depression, decreased libido, menstrual
irregularities, back pain, insomnia, impaired memory, irri-
tability, or decreased cognition.)

. Is there evidence that obesity or obstructive sleep apnea

cause hypercortisolism?

Most biochemical studies in obese populations have
demonstrated that random serum cortisol levels and
dexamethasone suppression tests were normal and not
associated with BMI levels. Conversely, there are studies
with mixed results in obese patients, showing normal,
high-normal or mildly elevated urine free cortisol (UFC),
and late-night salivary cortisol levels, which trended with
BMI levels. In the studies that correlated increased UFC
levels with BMIs, this was attributed to increased cortisol
clearance [4-6].

Obstructive sleep apnea (OSA) is a common disorder,
affecting an estimated 2-4% of the general adult popula-
tion, and is often undiagnosed. Frequent hypoxic episodes
and disrupted sleep patterns, from untreated OSA, would
be expected to active the HPA axis, although research
findings have been inconsistent. Differences in study
methodologies, including the Cushing’s screening tests
used, severity of OSA/obesity, and confounding factors
(e.g., depression, mood disorders), likely accounted for
some of the discrepant findings. A recent, well-designed
study, however, showed that obese and nonobese men
and women with OSA had significantly increased 24-hour
urinary cortisol excretion and that this hypercortisolism
improved with short-term continuous positive airway
pressure (CPAP) use [7]. As such, patients at risk for
OSA, as assessed by the Epworth Sleepiness Scale or
other standardized screening questionnaires, should
undergo a sleep study and CPAP treatment, as indicated,
before additional Cushing’s syndrome evaluation.

Why not just screen all obese patients for hypercortisolism?
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On the basis of prevalence estimates, the likelihood
that a person with obesity, hypertension, type 2 diabetes,
and dyslipidemia has pathological Cushing’s syndrome is
only ~1in 500 (0.2%) [2]. Even in cases of severe obesity
(BMI > 45), in the absence of Cushing’s-specific clinical
features, detection rates for Cushing’s syndrome are low
(0.7%) [8]. With the high prevalence of obesity in the US
population, this is now the least useful feature for diag-
nosing Cushing’s syndrome. Although the pace of weight
gain may be helpful, it is more important to focus on the
catabolic features of Cushing’s syndrome (atrophic skin
changes, proximal muscle weakness, atypical fractures,
etc.) versus the anabolic features (obesity) [2]. Proposed
strategies emphasize the importance of screening only
patients with a high pretest probability in order to reduce
the number of false-positive results and unnecessary
downstream tests, costs, and patient inconvenience.

The potential risk of generalized screening in the obese
population was demonstrated by Nieman et al., in a study
of 369 obese patients with a median BMI of 54 [9]. No
new cases of Cushing’s syndrome were identified in this
cohort. Importantly, however, nighttime salivary cortisol
levels, when assessed by a radioimmunoassay (RIA), had
a lower specificity (84%) compared to liquid
chromatography-tandem mass spectrometry (95%) and
led to unnecessary, additional testing. This highlights the
importance of selective screening and supports the gen-
eral rule that true hypercortisolism should be established
by at least two screening tests [10]. Salivary cortisol tests
should not be used as a stand-alone, rule-in test [10].

. What is the relationship between alcohol abuse and
hypercortisolism?

Excessive alcohol intake, both acute and chronic, may
be associated with hypercortisolism [11]. Alcohol-induced
hypercortisolism appears to be a centrally-mediated pro-
cess, via increased corticotropin-releasing hormone
(CRH) levels that stimulate pituitary corticotropin
(ACTH) secretion and adrenal cortisol overproduction.
Clinical features of this physiological hypercortisolism
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are presumed to be secondary to repeated bouts of hyper-
cortisolism during intoxication, with further increases
during subacute/acute withdrawal symptoms [12].
Research studies are limited, however, by small sample
sizes, differences in experimental designs, variable alcohol
intake/duration, and the cortisol screening methodology.
As such, these studies showed mixed results regarding the
extent of biochemical abnormalities with chronic alcohol
abuse. Specifically some, but not all, studies reported
mildly abnormal late-night salivary cortisol levels, failure
of a.m. serum cortisol to suppress normally with the late
night, 1 mg dexamethasone suppression test (DST), and
mildly elevated 24-hour UFC (approximately twofold). In
addition, some studies showed that only a small percent-
age (~20%) of chronic alcoholics had significant clinical
or biochemical overlap with Cushing’s syndrome, with
proximal muscle wasting, hypertension, and central obe-
sity being the most commonly-shared features (see
Fig. 14.1) [13]. Cushing’s features appear to be indepen-
dent of liver dysfunction or the presence of cirrhosis, and
there is a suspected genetic component to the risk. It is
also worth noting that a significant percentage of alcohol-
ics likely have superimposed depression (estimated
between 25% and 50%), which may also cause physio-
logic hypercortisolism.

. What is the best way to distinguish physiologic hypercorti-

solism from pathological etiologies?

A very detailed history and physical exam are the
most important aspects of distinguishing among the
various etiologies of hypercortisolism. In cases of poten-
tial alcohol abuse, a high index of suspicion is needed,
since patients may not be forthcoming with this sensi-
tive information. Ideally, with the help of a trusted pri-
mary care physician, a detailed history of the patient’s
alcohol consumption and potential risk of problematic
drinking can be accurately assessed. Since self-report-
ing is notoriously inaccurate, however, the medical his-
tory and physical exam are critical. The following
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abnormalities should prompt greater consideration for
the presence of alcohol-related liver disease: spider
angiomas, rhinophyma, transaminitis [aspartate amino-
transferase (AST) >alanine aminotransferase (ALT)],
hepatomegaly, splenomegaly, cirrhosis/ascites, pancre-
atitis, gastritis/esophagitis/Mallory-Weiss tears, malnu-
trition (i.e., thiamine, folate deficiencies), palmar
erythema, testicular atrophy/hypogonadism, myopathy,
and/or neuropathy.

In cases of suspected neuropsychiatric disorders, the
assistance of mental health professionals will often be
required for the assessment, classification, and treatment of
potential mood disorders. The diagnoses of various neuro-
psychiatric conditions, including: OCD, bipolar disorder,
PTSD, major depression with psychotic features, mania,
and schizophrenic disorders, are made all the more chal-
lenging by the fact that pathological hypercortisolism can
cause and/or exacerbate these conditions. A detailed his-
tory and physical exam will be paramount in potentially
distinguishing which disorder came first (i.e., mood vs.
hypercortisolism), although fortunately a major psychiatric
event is a rare initial presentation for Cushing’s syndrome.
. What are the best screening tests to evaluate for hypercorti-
solism? Can they distinguish physiological from patholog-
ical causes?

There is no single best screening test for hypercorti-
solism, and ALL screening tests may be mildly elevated,
or abnormal, with physiologic/non-neoplastic hypercor-
tisolism [10]. In general, random serum cortisol levels
are insufficient for screening. Instead, the preferred
screening strategy for Cushing’s syndrome includes: (1)
loss of diurnal variation, or abnormal late-night nadir
cortisol levels (between 11 p.m. and 12 midnight), using
a late-night salivary cortisol test (LNSC); (2) loss of nor-
mal, negative feedback inhibition, via a failed suppres-
sion of the morning serum cortisol level on the late-night
1 mg DST; and (3) excess cortisol production, as deter-
mined by an increased 24-hour UFC excretion. One
caveat, however, is that a marked elevation of UFC (3-4
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times the upper limit of normal) is more suggestive of
pathological causes of hypercortisolism [10].

The relative sensitivities of these Cushing’s screening
tests are as follows: LNSC >1 mg DST >24-hour
UFC. Therefore, normal LNSC levels plus a normal 1 mg
DST test result (serum cortisol <1.8 mcg/dl) exclude hyper-
cortisolism with a very high negative predictive value
(>95%). Conversely, in equivocal cases of hypercortisolism,
particularly if associated with suspected physiological eti-
ologies or discordant screening tests, reassessment at peri-
odic intervals (~6 months) can be considered. The general
evaluation for hypercortisolism is as detailed in Fig. 14.3.In
particularly challenging cases, additional confirmatory/sec-
ondary tests, such as the 2 mg, 2-day low-dose dexametha-
sone test (LDDST), or a dexamethasone-CRH (Dex-CRH)
test can be considered. Importantly, however, these tests
have not been well-validated in physiologic/non-neoplastic
causes of hypercortisolism. The latter test also has limited
practicality because of restricted CRH availability, its high

+Specifics Signs/Symptoms of Cushing’s
+Exclude Physiologic Hypercortisolism Risks
+Exclude Exogenous Glucocorticoids

Exclude Med Effects * Periodic reassess
Adequate Collection? Screening Tests (9 6 mo) if indicated

Repeat Screening

24 hr Urinary Free Cortisol
1 mg Dex suppression test (DST)
Late-night Salivary Cortisol

Y Y Y

Indeterminate Positive Negative ———
(Discordant) (Concordant) (Concordant)
ACTH level

FIGURE 14.3 Algorithm for hypercortisolism evaluation
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cost, and the need for exact timing of CRH administration
and ACTH and cortisol testing. Furthermore, some
researchers have demonstrated that a higher cortisol cutoff
(3.4 mcg/dl instead of the standard 1.8 mcg/dl) is needed for
high sensitivity (94%) and specificity (100%) in cases of
suspected alcohol-related hypercortisolism [14]. Generally,
repeat biochemical screening at a later time, and if still clin-
ically indicated, is recommended instead of secondary tests.

CAVEATS- 1t is generally best to perform Cushing’s
screening tests on an outpatient basis, and not during a
hospitalization. Acute illnesses and other stressors (e.g.,
pain, altered sleep-wake cycles, infection, etc.) can causes
false-positive screening results. In addition, these screen-
ing tests are predicated on a normal 24-hour diurnal cor-
tisol pattern; therefore, patients with disrupted sleep
cycles (e.g., shift workers or patients with primary circa-
dian disorders) should not be screened with standard
late-night salivary cortisol or 1 mg DST tests.

Are there any imaging or interventional studies that can
distinguish physiologic from pathological causes of
hypercortisolism?

No. It is generally not useful to perform imaging stud-
ies (e.g., pituitary or abdominal imaging) to distinguish
physiologic versus pathological causes of hypercorti-
solism because of the relatively common finding of “inci-
dentalomas” (<1 cm pituitary or adrenal tumors) in these
endocrine glands (10-20%, based on age). Similarly, an
interventional study, such as a bilateral inferior petrosal
sinus sampling (IPSS), may give a false-positive result in
patients with physiological hypercortisolism.

What about cyclic Cushing’s Syndrome?

Cyclic Cushing’s syndrome/disease is defined as inter-
mittent periods of biochemical/clinical hypercortisolism
followed by biochemical/clinical quiescence that spans
variable time periods (from weeks to years). The patho-
physiology of this phenomenon remains poorly under-
stood. It is reported to occur in upward of 15% of patients
with pathological/neoplastic Cushing’s syndrome and
obviously makes an already challenging diagnosis even
more difficult [15].
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When considering cyclic Cushing’s syndrome, it’s
important to exclude incorrectly performed or timed
screening tests, and/or non-specific complaints attribut-
able to hypercortisolism, as these are more common
explanations for this phenomenon. It is recommended to
rescreen patients with discrepant Cushing’s screening
tests, as clinically indicated, and during times of “symp-
tomatic” hypercortisolemic episodes. Repeat normal sali-
vary cortisol tests exclude hypercortisolism with a high
negative predictive value (>95%) and preclude the need
for subsequent additional testing.

12. How should patients with suspected physiologic causes of

hypercortisolism be assessed/followed?

Based on ongoing assessments (history, physical exam,
test results), further screening tests should be repeated
only after potential causes of physiological hypercorti-
solism have been adequately addressed. For alcoholic
patients, cortisol abnormalities usually normalize after
~1-4 months of abstinence from alcohol [16]. For patients
with OSA, a 3-month course of CPAP treatment is gener-
ally adequate for normalization of the hypercortisolism.
Lastly, for patients with underlying neuropsychiatric dis-
orders, physicians should discuss with them, and/or their
treating physicians, the adequacy of psychiatric disease
control before potentially performing any additional
Cushing’s syndrome evaluations. In general, a tincture of
time is all that is needed, as these patients typically do not
show progression of Cushing’s signs and symptoms, and
their mildly elevated cortisol levels usually remit with
treatment of the underlying disorder.

Back to Case Presentation

The patient abstained from alcohol, with the help of
Antabuse™. Her blood pressure and proximal muscle weak-
ness improved, and her central weight gain stabilized. No
additional screening test for Cushing’s syndrome was
performed.
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Pseudopheochromocytoma

David R. Saxon and Lauren Fishbein

Case A 54-year-old woman presents to the endocrinology
clinic for follow-up 5 years after resection of a right adrenal
pheochromocytoma. At the time of the initial
pheochromocytoma diagnosis, she presented with paroxysmal
hypertension, fatigue, tremors, night sweats, insomnia, and
appetite loss. Biochemical evaluation revealed elevated
catecholamines; a right adrenal mass with high Hounsfield
units (HU) of 15 consistent with a pheochromocytoma was
found on a noncontrast computed tomography (CT) scan. She
received perioperative alpha blockade, and the mass was
resected without complications. Postoperative biochemical
evaluation showed normalization of catecholamine levels. She
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was then referred for clinical genetic testing and had no known
susceptibility gene mutation. Two years after that resection, she
began experiencing recurrence of hypertensive episodes and
the symptoms that preceded the previous pheochromocytoma
diagnosis in addition to an extensive list of new symptoms that
included abdominal discomfort, numbness and tingling in her
arms and legs, and passive suicidal thoughts. For the next
3 years, extensive testing for recurrent pheochromocytoma was
conducted with consistently negative results, including plasma
metanephrines, urinary catecholamines, and multiple CT scans
of the abdomen and chest and [-123 MIBG imaging. She also
had normal thyroid testing. She works closely with a mental
health professional as she has been diagnosed with anxiety and
depression, but she does not take antidepressants because of
previous “horrible reactions” to selective serotonin reuptake
inhibitors (SSRIs). She presents today for another opinion. She
endorses a great deal of stress in her personal life resulting
from a sick child who requires around-the-clock home care.
She requests an antianxiety medication but is resistant to the
idea of trialing an antidepressant again. She is convinced that
her pheochromocytoma has recurred and states that she has
read on Internet message boards that many other patients with
pheochromocytoma have experienced a recurrence despite
negative workups. She is insistent that repeat adrenal imaging
is needed.

Questions

e How is pheochromocytoma typically diagnosed?

e What other conditions can mimic a pheochromocytoma?

e What pathophysiologic mechanisms may be underlying
cases of pseudopheochromocytoma?

e How can pseudopheochromocytoma be managed?
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Comments

Pheochromocytomas and paragangliomas are rare
catecholamine-producing neuroendocrine tumors within the
adrenal gland or extra-adrenal ganglia, respectively, which
have a variable clinical presentation. Symptoms typically
include episodic or labile hypertension, headaches, profuse
sweating, and palpitations. Other presenting symptoms may
include anxiety, tremulousness, abdominal pain, chest pain,
nausea, vomiting, weakness, fatigue, and dizziness, and inter-
estingly, some patients have no symptoms.

Screening for pheochromocytoma and paraganglioma
with plasma free metanephrines and/or 24-hour fractionated
urine metanephrines and catecholamines should be done in
patients with suspected secondary hypertension (i.e., young
age at diagnosis or refractory hypertension) and in patients
with symptoms of headaches, palpitations, diaphoresis, and
anxiety along with their high blood pressure. Although out-
side the scope of this chapter, screening should also be done
in patients with adrenal incidentalomas or in patients with a
known susceptibility gene mutation. Overall, pheochromocy-
tomas and paragangliomas are rare, occurring in 2-8 per mil-
lion people, and they account for only 0.2-0.6% of all patients
with hypertension [1]. Biochemical testing is considered posi-
tive when the 24-hour urine tests are at least 3x the upper
limit of normal and the plasma tests are at least 2x the upper
limit of normal. In these cases, cross-sectional imaging of the
abdomen/pelvis should be the next step in the evaluation as
85% of pheochromocytomas and paragangliomas will be in
this region, with the majority inside the adrenal glands. There
are rare thoracic paragangliomas. Head and neck paragan-
gliomas are most often non-secreting (~96% ), although some
secrete dopamine which has not been shown to contribute to
hypertensive surges. Slightly elevated metanephrines and
catecholamines, not reaching the diagnostic cutoff levels, can
result from low secreting tumors in rare cases but much more
often are due to interfering medications or to drugs or condi-
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TaBLE 15.1 Interfering substances
Tricyclic antidepressants

Decongestants (i.e., ephedrine)
Certain beta- and alpha-adrenergic medications
Dopaminergic medications (i.e., levodopa)

Selective serotonin reuptake inhibitors (SSRI)
Serotonin norepinephrine reuptake inhibitors (SNRI)

Monoamine oxidase inhibitors (MAOT)
Acetaminophen

Alcohol

Caffeine

Cigarettes

Marijuana

Cocaine

Bananas

Supplements (look for ingredients that may interfere)

tions that mimic pheochromocytoma. If the biochemical
testing is normal, other conditions should be sought as the
sensitivity of both plasma and urine metanephrines and cat-
echolamines is more than 90% [2].

The most common reasons for indeterminate levels of
metanephrines and catecholamines are medications, foods, or
drugs that interfere in the assays (Table 15.1). Patients must
also be asked about over-the-counter supplements; if the
ingredients in supplements are not known, these should be
investigated further online or by calling the company. For
example, some over-the-counter energy booster supplements
contain bovine (or other) adrenal glands and can lead to
elevated metanephrines and contribute to symptoms of
pheochromocytoma.

If catecholamine levels are still indeterminate after exclud-
ing all interfering substances, then cross-sectional imaging
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TaBLE 15.2 Conditions that mimic state of catecholamine excess
Drugs of abuse (cocaine,

Labile hypertension amphetamine)

CNS lesions (stroke, tumor)  Coronary ischemia

Cluster or migraine Medications

headaches

Seizures Baroreflex failure

Carcinoid syndrome Panic disorder
Hyperthyroidism Anxiety disorder
Mastocytosis Posttraumatic stress disorder
Renal artery stenosis Alcohol withdrawal

may be warranted. Of note, patients with
pseudopheochromocytoma usually have normal metaneph-
rine and catecholamine levels or have very mild elevations
that are significantly below the cutoffs for diagnosis.

Once pheochromocytoma/paraganglioma is ruled out,
the differential diagnosis includes many other conditions
(Table 15.2). Disorders that cause excess levels of other
hormones can also increase sympathetic nervous system
responses. For example, hyperthyroidism is associated with
palpitations, weight loss, tremors, and anxiety; carcinoid
syndrome is associated with facial flushing without sweat-
ing and multiple daily episodes of diarrhea and is usually
caused by other types of neuroendocrine tumors. Baroreflex
dysfunction can occur in patients with a prior history of a
mass in the neck or treatment such as radiation or surgery
of the neck resulting in disruption of the carotid body and
the baroreceptors. Baroreceptors usually help to minimize
blood pressure fluctuations, and, when damaged, patients
can have marked and frequent fluctuations in blood pres-
sure [3]. Untreated severe obstructive sleep apnea has been
shown to cause mild elevations in catecholamine levels due
to intermittent hypoxia, intrathoracic pressure swings, and
recurrent arousals [4]. Other conditions in the differential
diagnosis are listed in Table 15.2. A thorough history and
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physical exam can help direct the workup for this differen-
tial diagnosis which may require referral to the appropriate
specialist providers.

The term “pseudopheochromocytoma” is a diagnosis of
exclusion used for those patients with paroxysmal severe
hypertension and typical symptoms of catecholamine
excess but who lack biochemical and anatomical evidence
of pheochromocytoma or have another known cause. In
many of these patients, physical symptoms can be debilitat-
ing and have a significant negative impact on their quality
of life. The exact pathophysiologic mechanism underlying
pseudopheochromocytoma is not known, but activation of
the sympathetic nervous system leading to increased secre-
tion of catecholamines and their metabolites has been vari-
ably identified in patients with the condition. In one study,
evaluation of sympathoadrenal function in 11 patients with
pseudopheochromocytoma in comparison to 14 age-
matched controls was performed [5]. Compared to controls,
patients with pseudopheochromocytoma had statistically
significantly higher concentrations of baseline epinephrine
(120% higher) and metanephrine (80% higher); however,
although the authors did not provide normal ranges, all
levels appeared to still be within typical normal ranges. In
addition, this study showed that patients with pseudopheo-
chromocytoma had exaggerated responses to sympathetic
nervous system stimuli from various compounds; for exam-
ple, plasma epinephrine after glucagon administration was
sixfold higher compared with controls [5].

Often a psychological basis for pseudopheochromocytoma
can be found. Panic disorder may be present in as many as
40% of patients with the condition [6]. In a case series sum-
marizing the clinical course of 21 patients with pseudopheo-
chromocytoma, psychosocial interviewing revealed that most
patients had previous emotional trauma and sometimes even
suppressed events that they were unaware of and that likely
were contributing to their symptoms [7]. Treatment based on
recognition of emotional distress as the underlying cause of
the symptomatic paroxysmal hypertension resulted in cessa-
tion of paroxysms in 13 (62%) of the patients. Therefore,
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recommending counseling and medical therapy can be useful.
Anxiolytics may be helpful in certain patients given the asso-
ciation with panic attacks. Antidepressants such as SSRIs and
even tricyclics also may be useful.

When pseudopheochromocytoma is suspected or consid-
ered, better characterization of hypertensive episodes can be
elucidated with 24-hour ambulatory blood pressure monitoring.
Patients with pseudopheochromocytoma often have normal or
only mildly elevated blood pressure between episodes.
Therefore, medical treatment of the episodes may be challeng-
ing. To treat and prevent the blood pressure surges, medications
such as clonidine or alpha-adrenergic blockers (prazosin, doxa-
zosin) with or without beta blockers (metoprolol, atenolol) are
best. Typical antihypertensive medications, such as angiotensin-
converting enzyme inhibitors (ACEI) or angiotensin receptor
blockers (ARB), may not prevent the blood pressure surges
and can lead to hypotension between episodes.

Discussion with Patient

For patients with pseudopheochromocytoma, discussing the
normal biochemical evaluation is most often not sufficient to
reassure these patients and does not serve to mitigate the
symptoms or hypertensive surges. For such patients, we must
reassure them of the normal workup which ruled out the
tumor (pheochromocytoma), express belief that the symp-
toms and signs they are experiencing are real and disrupting
their lives, and thoroughly investigate other causes for their
symptoms.

During the evaluation to rule out all other causes, we often
suggest a visit with a therapist or counselor. Patients with
pseudopheochromocytoma may not recognize the emotional
stressors that may be triggering the symptoms. Suggesting
referral to a therapist or counselor may or may not be well-
received by the patient, and patients should not be forced to
comply. Our approach is to suggest that a therapist or
counselor may be helpful given the stress associated with
having a condition for which the medical providers cannot
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find a precise diagnosis. We explain the strong mind-body
connection, whether the condition is causing emotional stress
or the emotional stress contributes to the condition or both.
Yoga or other mindfulness techniques may also be beneficial
to the patient whether they want to see a therapist or not. If
the patient is open to medical treatment for mental health,
offering antidepressants or anxiolytics may be appropriate. If
hypertensive surges are confirmed, we offer medical treat-
ment as described above usually with clonidine or alpha
blockers to help prevent these surges.

The diagnosis of pseudopheochromocytoma is a difficult
one and can be frustrating for both patients and providers. We
often do not use the word pseudopheochromocytoma to
describe the condition to patients, as the term “pseudo” in this
context can be interpreted as being derogatory. Instead, we
recommend reviewing with the patient the following points:
(1) discuss all the other diagnoses which were ruled out; (2)
discuss the good news that no severe conditions were identi-
fied; and (3) discuss that the absence of other identifiable
conditions suggests that the diagnosis is likely an abnormal
activation of the sympathetic nervous system, which can be
treated with the methods described above.

Summary Recommendations

1. Believe the symptoms and signs the patient tells you.

. Rule out all conditions on the differential diagnosis.

3. Suggest a therapist or counselor to help with the anxiety
and stress of not having a diagnosis for the symptoms they
are experiencing and/or to deal with an emotional stressor
the patient tells you about.

4. Treat the symptoms of sympathetic nervous system
activation.

[\
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Chapter 16

Holistic Hypercalcemia

Irene E. Schauer

Case Presentation

A 54-year-old white female presented to the endocrine clinic
for evaluation of hypercalcemia. She had presented to her
primary care provider with a complaint of worsening consti-
pation and nocturia. Laboratory evaluation revealed a serum
calcium of 13.3 mg/dl and acute kidney injury with a serum
creatinine of 1.26 mg/dl. Repeat labs were improved with
serum calcium of 12.1 mg/dl and creatinine of 0.99 mg/dl.
Serum PTH was low, but not fully suppressed, at 12 pg/ml. At
that time she was referred to endocrinology for further
evaluation.

In the endocrinology clinic, she confirmed the reported
symptoms and also endorsed severe fatigue, abdominal pain,
nausea, and poor appetite. She also reported increased thirst
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but noted that she had been trying to limit fluid intake to
minimize the need for voiding overnight. The original consti-
pation was improved, but variably still present, with magne-
sium pills. She also noted that she recalled being told her
calcium was borderline high in the past. ROS was otherwise
positive only for headaches and some dysuria but negative
for other neurological symptoms or any cardiorespiratory
symptoms, bone pain, or myalgia.

Her past medical history was notable for multiple sclero-
sis (MS), psoriasis,and primary hypothyroidism. Medications
at that time included Betaseron injections for MS and
Armour Thyroid 75 mg daily. She was postmenopausal and
used vaginal estrogen but no systemic hormone replace-
ment therapy. She reported no history of smoking or other
tobacco use, minimal alcohol, and a very active lifestyle with
running, hiking, or weight lifting on most days. She actively
limited her sun exposure and limited her dairy intake
because of the popular literature regarding a possible
involvement of cow’s milk in the etiology of MS. Though
she had taken calcium supplements in the past, she had
stopped these since the diagnosis of hypercalcemia. She also
denied taking a multivitamin but endorsed taking a few
drops of a liquid vitamin D supplement provided by her
chiropractor that was described as low dose and potentially
helpful for MS symptoms.

On physical exam she was normotensive, afebrile, lean,
and fit-appearing with a BMI of 20. Her exam was entirely
unremarkable, notably including normal pulmonary, abdomi-
nal, musculoskeletal, neurological, and psychiatric exams.

At that time a differential diagnosis included multiple pos-
sible diagnoses for PTH-independent hypercalcemia includ-
ing sarcoidosis, granulomatous disease, multiple myeloma, a
PTHrp-producing tumor, and vitamin D toxicity. Milk alkali
syndrome was not felt to be likely in light of her low dairy and
calcium intake.

Further laboratory evaluation (Table 16.1) confirmed sig-
nificant PTH-independent hypercalcemia and evidence of
renal damage with a serum calcium of 13.9 mg/dl (normal



205

Chapter 16. Holistic Hypercalcemia

(Torno1ed) (@ UIWEIAAXOIP

-AYIp 6T'T @ MAZ(HO)ST'T ‘A Wweyakxo1pAy §z @HA(HO)ST 1ol UOHED IR[NISWOS PAJRWISD ¥,7H2 [RULIOU [N

871 0t Ao
0ST< €S L6 69 Ke@
ST MO-pudg
0S1< 09 < €01 Lz Aeq
8S 0¢ 't Lot stdeq
UQAIS UOISnjul 9jeuoIpIued 8 Aeq
44 €11 ¢ ke
0S1< 84 ¢l ke
Ly Lt 1 feq
£8p 0S1< LE LT 9% 6€l 0 Leq
(qur (u (uuypur g9 <‘IN)  (pBw g's—s7  (1/3 L's-S°¢ (Ip/3wr ¢'01-9°8 JISIA [eprul

3d €6L-6°61 ‘IN) /83U 79-0T ‘IN)
AYAT(HO)STT AMA(HO)ST

qa9° ‘IN) snosoydsoyq ‘IN) urumqry - ‘IN) wmple)  woxy e

sonjea A1ojeroqe] 1'9I 414v],



206 1. E. Schauer

range 8.6-10.3), PTH of 5 pg/ml (normal range 12-88), and
creatinine of 1.46 mg/dl corresponding to an estimated glo-
merular filtration rate (eGFR) of 37 ml/min. Albumin was
normal, and the ionized calcium was also high at 1.76 mmol/L
(normal range 0.96-1.40). Phosphorous was low normal at
2.7 mg/dl (2.5-5.0). Ultimately, PTHrp, angiotensin-converting
enzyme, and SPEP were all normal. Electrolytes and bicar-
bonate were normal, and TSH was slightly suppressed at 0.3
mlIU/L. Surprisingly, the 25-hydroxyvitamin D and
1,25-dihydroxyvitamin D levels measured >150 ng/ml (normal
range 13-62) and 483 pg/ml (normal range 19.9-79.3),
respectively.

The patient was called and instructed to hydrate aggres-
sively, stop all supplements and vitamin D drops, and return
for further labs. She was instructed to go the emergency
department (ED) for any worsening of symptoms and
informed that she would need to go to the ED if her repeat
labs were not improved. She was also asked further questions
about her vitamin D supplement. At that time she revealed
that her chiropractor had instructed her to use one drop of
the vitamin D3 liquid supplement (2000 IU/drop) daily but
that she had actually been “squirting” this into her mouth
daily.

Repeat serum calcium and eGFR after hydration were
improved but still abnormal (Table 16.1) and remained
roughly stable at these levels after a further 24 hours of
aggressive oral hydration. At this time the 24-hour urine
results revealed a total calcium excretion of 970 mg/day
(normal 100-300) with a normal total creatinine and a vol-
ume of 6.8 liters consistent with her ongoing hydration
efforts. In light of the degree of vitamin D toxicity, serum
and urine calcium levels, and continued renal insufficiency
with eGFR remaining in the 40s, 90 mg pamidronate IV was
administered about 1 week after the initial visit. The patient
noted dramatic improvement in her energy level and symp-
toms within a week after the infusion, though she also had
some joint pain and night sweats as side effects of the
infusion.
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Discussion

Vitamin D is one of the fat-soluble vitamins that has long
been known to accumulate in fat tissue and has the potential
for toxicity if taken at high doses. As a result, the recom-
mended daily allowance (RDA) for vitamin D has tradition-
ally been quite conservative with the primary goal of avoiding
toxicity. During the late 1900s, for instance, Finland had
gradually decreased the RDA for vitamin D in three steps
from 4500 IU in 1964 to just 400 IU in 1992. However, begin-
ning around 1990 a vast body of literature began to suggest
multiple possible benefits of vitamin D supplementation.
One such study demonstrated that over the time that Finland
had decreased the RDA, the incidence of type 1 diabetes had
steadily increased from ~18/100,000 in 1964 to 65/100,000 in
2005 [1]. Furthermore, when individual data for actual vita-
min D intake from a 1966 birth cohort were analyzed, chil-
dren who took the then recommended dose of 2000 IU had a
relative risk (RR) of 0.22 of developing type 1 diabetes com-
pared to those who took less [2]. During the 1990s and early
2000s, epidemiological studies demonstrated a correlation of
lower vitamin D levels with increased all-cause mortality,
cardiovascular mortality, type 2 diabetes prevalence, fall and
fracture risk, asthma exacerbations, infection rates, adverse
pregnancy outcomes, and incidence and severity of autoim-
mune diseases including type 1 diabetes, MS, and rheumatoid
arthritis (reviewed in [3-8]). As with all epidemiological
observational studies, these early studies demonstrated asso-
ciation but did not establish causation. However, the studies
led to a general perception that more vitamin D might be a
panacea for many ailments.

The epidemiological studies have since led to the perfor-
mance of a large number of randomized placebo-controlled
studies investigating a variety of the above outcomes. Studies
varied widely in terms of the dose, frequency, duration, and
type of vitamin D supplementation, inclusion of calcium
supplementation, study population, and outcomes measured.
Most of the studies were cost-limited and unable to include
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serum vitamin D level measurements in order to distinguish
between repletion and supplementation or to define an opti-
mal goal vitamin D level. Several meta-analyses and system-
atic reviews have attempted to combine data on specific
outcomes to improve overall power [9-16].

Unfortunately, despite the large body of literature includ-
ing randomized placebo-controlled studies, meta-analyses,
and systematic reviews that has accumulated over the last
20 years, clear guidelines remain elusive. Results have been
mixed and interpretations complicated by the variety of
populations, methods, and outcomes. However, some conclu-
sions are clear. First, it has become quite clear that vitamin D
deficiency is a widespread issue and that existing conserva-
tive RDAs are likely inadequate. Multiple studies have found
vitamin D levels <20 ng/ml in >50% of selected populations
(for instance, 82% of African Americans [17], 69% of US
Hispanics [17],58 % of Greeks [18],49% of severely obese US
children [19]). The use of sunscreens that block much of the
UV wavelengths needed for vitamin D production, a general
decline in time spent outdoors, and the migration of popula-
tions adapted to high sun exposure in tropical latitudes (i.e.,
darkly pigmented skin) to more temperate latitudes are
clearly contributors. Second, true vitamin D deficiency is
clearly implicated in fracture risk, fall risk, and autoimmunity
[20], likely implicated in other inflammatory or immune-
mediated processes such as prevention of infection [14, 21]
and asthma exacerbations [4] and possibly implicated in
other poor outcomes including increased cancer and cardio-
vascular mortality [3,6,7,9,12,13,22,23]. Third, it is also clear
that while enough vitamin D is important, more is not better.
The issue in this case was hypercalcemia from extreme over-
dosing and severe vitamin D toxicity. However, many studies
have now suggested that much more modest vitamin D eleva-
tions, even well within the normal range, may have negative
consequences including renal damage, kidney stones,
increased fall risk [21, 24-26], progression to frailty [27], and
cardiovascular risk [22, 28, 29].
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Many questions remain regarding the best guidelines for
vitamin D supplementation. Since current data and guide-
lines fully support only correction of deficiency, two key
questions that remain incompletely addressed are “what level
constitutes deficiency?” and “at what level do risks outweigh
benefits?” The 2016 US Preventive Services Task Force
(USPSTF) guidelines on screening for vitamin D deficiency
note that “no consensus exists on the definition of vitamin D
deficiency or the optimal level of total serum 25(OH)D...”
[30]. Several approaches have been taken to address the
question of how low is too low. Some studies have looked at
the correlation of PTH levels to 25(OH) vitamin D levels and
found a strong inverse relationship at vitamin D levels
<20 ng/ml (50 nmol/ml), a variable and weaker inverse rela-
tionship at levels between 20 and 30 ng/ml (50-75 nmol/ml),
and a clear plateau at levels above 30 ng/ml [23, 31, 32].
Another study looked at the response of PTH and intestinal
calcium transport to 8 weeks of vitamin D dosing [18]. PTH
levels decreased markedly as 25 (OH) vitamin D levels
increased between 8 and 15 ng/ml, less markedly from 15 to
22 ng/ml, and not significantly with an increase from 22 to
35 ng/ml. However, intestinal calcium transport continued to
increase in the latter range from 45% to 65%. Taken together
these studies have led to an unofficial consensus that levels
<20 ng/ml are clearly deficient, while the 20-30 ng/ml range is
generally considered “insufficient.” Consistent with this, the
reviews and meta-analyses of randomized controlled trials of
vitamin D supplementation that provide vitamin D serum
level data generally have found the clearest evidence of ben-
efit in those studies where the study population was deficient
or insufficient at baseline. For instance, in the Reid et al.
meta-analysis [15], where vitamin D supplementation mod-
estly improved femoral neck bone mineral density in the full
analysis, the benefit was largely driven by four studies in
which the baseline vitamin D level was <12 ng/ml and slightly
attenuated by the one study where baseline vitamin D was
>30 ng/ml.
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At this point there is little or no evidence to support
supplementing vitamin D to the point of increasing serum
levels much above the sufficient level of 30 ng/ml (75 nmol/
ml). Some studies have suggested a decrease in acute respira-
tory infections at higher levels but possibly at the expense of
a higher fall risk [21]. Other studies have further supported
an increased fall risk at vitamin D levels > ~40-50 ng/ml
[24-26]. Few studies have carefully addressed optimal serum
levels or doses of vitamin D for specific outcomes, but in the
case of fall risk, Smith et al. broke down fall risk both by
vitamin D level and by vitamin D dose [25]. They found the
lowest fall risk with vitamin D levels in the 30-40 ng/ml
range and vitamin D dose in the 1600-3200 IU/day range.
Both higher and lower levels and doses were associated with
higher fall rates. A similar U-shaped relationship was seen
for progression to frailty with the optimal vitamin D level in
the 20-30 ng/ml range [27]. In cardiovascular disease, a
reverse J-shaped relationship has been reported for overall
cardiovascular mortality with the optimal vitamin D level
falling in the 2040 ng/ml range [22], and a forward J-shaped
relationship with a similar optimal range has been reported
for adverse cardiac and cerebrovascular events in cardiac
surgery [29]. An accumulating body of evidence supports a
variety of negative cardiovascular outcomes with similarly,
modestly elevated vitamin D levels (reviewed in [33]). With
specific relevance to the case reported here, the existing data
in MS appear to fall in line with the above results with strong
support for increased incidence and disease activity in true
vitamin D deficiency with levels <20 ng/ml (reviewed in
[34]). However, an optimal range has not been clearly
defined. Some existing evidence supports continued benefit
at levels up to 37 ng/ml and a weak signal for possible further
benefit at >37 ng/ml [34].

This case represents an example of non-endocrine hyper-
calcemia resulting from severe vitamin D overdosing and
toxicity. Unfortunately, recent trends in the approach to
vitamin D supplementation and popular Internet literature
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inflating the potential benefits of vitamin D make this an
increasingly common scenario. It is important to keep vita-
min D toxicity in the differential diagnosis for PTH-
independent hypercalcemia and to recognize that the
existing body of literature supports repletion of vitamin D
deficiency but does not support supplementing to levels
greater than the 30-40 ng/ml range for any indication.
Furthermore, the prescribing of vitamin D repletion should
always be accompanied by a discussion of the potential risks
of overdose.
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Low Testosterone:
Determine and Treat
the Underlying Disorder

Kenneth Tompkins and Micol S. Rothman

Clinical Scenario

A 54-year-old male presents to your clinic for evaluation of
persistent fatigue. For over a year, he has been finding it hard
to perform his regular activities. Although he sleeps 7-8 hours
a night, he rarely feels rested upon waking. His wife notes
that he often snores loudly while sleeping. He works a seden-
tary desk job and gets no regular exercise. He is obese and
states that despite his best efforts with diet, he has been
unable to lose weight. He notes he is under a lot of stress at
his job and at home. Upon questioning, he endorses sexual
issues with his wife, with decreased libido and intermittent
erectile dysfunction. His issues with fatigue, failure to lose
weight, and sexual dysfunction prompted him to ask you
about the possibility of “low T,” a condition he recently read
about on an Internet site.
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His history is otherwise notable for type 2 diabetes melli-
tus and “borderline hypertension.” His only medication is
metformin and OTC acetaminophen PRN. He takes no sup-
plements. He drinks one to two beers a night. He denies
tobacco or drug use. He has two teenage daughters. He went
through puberty at the same time as his peers and had no
issues with fertility. Exam reveals an obese, middle-aged male
(BMI 34 kg/m?). Extraocular movements are intact with nor-
mal visual fields. Neck circumference is 19 cm. Abdominal
exam shows central adiposity and no visible stretch marks.
GU exam reveals testes descended bilaterally, with normal
size at 15 mL without palpable masses and normal consis-
tency. Neurological exam shows normal strength without
evidence of muscle wasting. Laboratory evaluation shows
normal blood counts, electrolytes, kidney function, and thy-
roid function, and his Alc is 6.9%. In light of his complaints,
a serum testosterone was also checked and returned at
224 ng/dL (normal range, 264-916).

Discussion

Male hypogonadism, most commonly manifested by a defi-
ciency of the sex hormone testosterone, is a frequently
encountered problem in outpatient settings. One study evalu-
ated over 2000 men, age 45 years or older, in primary care
practices and found that almost 40% had a low testosterone
value or were being treated with androgen therapy [1]. The
symptoms of hypogonadism can include fatigue, weight gain,
loss of lean muscle mass, and sexual complaints such as erec-
tile dysfunction and decreased libido. The syndrome of “low
T” has been popularized in the media and our culture; as a
result, it has become common for men to approach their
providers requesting an evaluation for low testosterone. The
vague nature of the symptoms, the multiple etiologies of
hypogonadism, the circadian variations in normal testoster-
one levels, and the natural decline in testosterone levels with
normal aging and significant variability in testosterone labo-
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ratory assays all contribute to unique diagnostic dilemmas
and challenges when evaluating patients for suspected hypo-
gonadism. Testosterone replacement therapy has been vari-
ably associated with increased risks of cardiovascular disease,
making it crucial to make a proper diagnosis before initiating
therapy. It is a common situation for providers to discover a
borderline low testosterone in asymptomatic male patients.
Therefore, it is key to have a framework for the proper evalu-
ation and treatment of this condition.

Male hypogonadism is characterized by a deficiency of
testosterone, impaired spermatogenesis, or both, and is usu-
ally associated with signs and symptoms. The lower limit of
serum testosterone that defines hypogonadism is controver-
sial. There is limited data on the values that are associated
with clinical symptoms or sequelae of hypogonadism. A study
of over 3000 men found that testosterone levels <320 ng/dl
were directly correlative with sexual symptoms, including
decreased morning erections, erectile dysfunction, and
decreased libido [2]. Another study, utilizing a block-and-
replace strategy for testosterone therapy, found that testos-
terone levels <200 ng/dl were associated with increased bone
resorption and decreases in bone mineral density (BMD) [3].

There is a wide variety of commercially available testoster-
one assays, with significant variability between labs. Centers
for Disease Control (CDC) validated assays use a lower limit
of 264 ng/dl. In the absence of a CDC-validated assay, it may
be prudent to follow the Endocrine Society guidelines, which
suggest that a testosterone value <320 ng/dl may be indicative
of hypogonadism [4].

Hypogonadism is classified as primary or secondary.
Primary hypogonadism is due to a defect in the testicles, the
organ responsible for producing testosterone and sperm.
Secondary hypogonadism is due to a defect at the level of the
hypothalamus or the pituitary gland. The hypothalamus-
pituitary-gonadal (HPG) axis is responsible for regulating the
production of testosterone and sperm within the testis. The
hypothalamus synthesizes and secretes gonadotropin-
releasing hormone (GnRH), which stimulates the pituitary to
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secrete luteinizing hormone (LH) and follicle-stimulating
hormone (FSH). LH and FSH then act at the level of the
testis to stimulate testosterone production and spermatogen-
esis, respectively. This system is tightly regulated, with each
hormone feeding back on the level above it (Fig. 171).
Disruption in either the hypothalamus, the pituitary, or the
testis can lead to low testosterone.
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The differential diagnosis for hypogonadism is quite
broad. Primary hypogonadism, due to testicular defects, is
characterized by elevated levels of FSH and LH. This can be
due to congenital disorders such as cryptorchidism, genetic
conditions such as Klinefelter syndrome or acquired damage
as a consequence of trauma, chemotherapy/radiation, or
infections of the testes.

Secondary hypogonadism, characterized by low or inap-
propriately normal LH and FSH levels, is the more common
type of hypogonadism. Causes of secondary hypogonadism
are many and include tumors of the hypothalamus or pitu-
itary, prolactin elevation, head trauma, iron overload syn-
dromes, and prior pituitary surgery or radiation. Obesity,
sleep disorders such as obstructive sleep apnea, depression,
and excessive stress are also important and common causes
of secondary hypogonadism. A number of medications,
especially narcotics, marijuana, glucocorticoids, and certain
body building supplements, can also cause secondary
hypogonadism.

As with any evaluation, the first step in patients with sus-
pected hypogonadism is an appropriate history and physical
examination. In addition to standard symptoms associated
with low testosterone, it is important to inquire about puberty
and development. Late or absent puberty can signify a con-
genital disorder, as can a history of infertility. Loss of second-
ary sex characteristics, such as a decreased need to shave, can
suggest more severe hypogonadism. A thorough exam includ-
ing testicular palpation and measurement should be per-
formed. Small testes, very hard or soft testes, and asymmetry
of the testes can suggest a primary testicular disorder. A
defect in peripheral vision suggests the presence of a pituitary
mass lesion. In chronic secondary hypogonadism, with loss of
the LH and FSH, the testicles may shrink in size and develop
a softer consistency.

If suspicion for hypogonadism is moderate or high, mea-
surement of serum testosterone levels is indicated. It is
important to note that testosterone is a steroid hormone. As
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such, it is hydrophobic and only very small amounts of testos-
terone circulate freely in the blood. Approximately 98% of
circulating testosterone is bound to circulating proteins, most
importantly sex hormone-binding globulin (SHBG) [5]. Most
assays measure serum total testosterone, which consists of
both the free and protein-bound fractions. However, free
testosterone is the only biologically active component. Low
free testosterone is what causes the symptoms of hypogonad-
ism. However, measuring free testosterone is expensive, time-
consuming, and can be inaccurate depending on the assay,
and thus total testosterone levels are most often used as a
surrogate.

When evaluating the serum total testosterone concentra-
tion, it is important to consider that certain conditions can
affect both the protein bound and free portions of testoster-
one. There are several common conditions that can lower the
levels of SHBG, thereby lowering the concentration of
protein-bound testosterone. However, the free testosterone
level in these patients is often normal, and thus these men are,
in fact, not hypogonadal. One of the most common condi-
tions affecting SHBG is obesity. Several studies have shown a
decline in SHBG with increasing BMI. Age also affects
SHBG levels but in the opposite manner with SHBG increas-
ing with age. A study evaluating SHBG levels in a large
cohort of veterans found that the individuals most likely to
have the lowest SHBG levels were young, obese men [6].

If the serum testosterone level is low, further steps need to
be undertaken in the evaluation. Figure 172 outlines a general
approach for further evaluation. Given the significant vari-
ability of testosterone levels through the day, the first step in
evaluating a low testosterone level is confirming it with a
repeat test. Testosterone has diurnal and circadian variation
and can also be affected by glucose and food intake. Therefore,
a low testosterone should prompt a fasting repeat test in the
AM, when testosterone levels are naturally highest, to con-
firm [4].

If the serum total testosterone level is unequivocally low
(<150 ng/dl), there is likely a true pathologic cause of the
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FIGURE 17.2 Approach to a patient with low testosterone

hypogonadism, and the workup below should ensue. If the
level is low normal or mildly low (>150 ng/dl), this could be
related to low SHBG or other etiologies. In this scenario it is
reasonable to check an SHBG level. Online calculators can
be used to give an accurate estimate of the free testosterone
concentration based on the patient’s total testosterone,
SHBG, and albumin levels. If the free testosterone level is
normal, then this is likely a binding protein issue, and this
can be evaluated separately. Alternatively, if free testoster-
one is low, this points toward a pathologic cause of
hypogonadism.

Free testosterone levels by equilibrium dialysis can also be
checked. This is different than the standard free testosterone



222 K. Tompkins and M. S. Rothman

platform assays that are routinely available; these assays gen-
erally use an immunoprecipitation-based approach and are
notoriously unreliable. Free testosterone by equilibrium
dialysis is a more reliable test but is more time-consuming,
cumbersome, and expensive than the other assays. As such, it
is not routinely used.

If the serum total testosterone level is frankly low on at
least two occasions, or if estimations of the free testosterone
concentration suggest that it is low, a workup for the cause is
warranted. It is important to initiate this workup before
beginning any treatment for two reasons. First, testosterone
supplementation will artificially suppress the HPG axis, mak-
ing it difficult to interpret laboratory testing going forward.
Second, many of the conditions known to cause low serum
testosterone levels are reversible. Ideally, whenever possible,
the underlying cause should be treated to allow normal
endogenous testosterone production to return rather than
artificially supplementing it with exogenous testosterone.

Once a low serum testosterone level is confirmed, the next
step is to order measurement of serum FSH and LH. In the
setting of primary hypogonadism, the FSH and LH are ele-
vated. In this circumstance, the hypothalamus and pituitary
are functioning normally, and therefore without the inhibi-
tory feedback effect of testosterone, FSH and LH appropri-
atelyrise.If the workupis suggestive of primary hypogonadism,
the evaluation should then focus on finding a defect in the
testicles themselves. A directed history exploring trauma or
prior treatments such as chemotherapy or radiation is impor-
tant. A dedicated physical exam should assess for unde-
scended testes or any asymmetry. A history of infertility along
with very small testes should prompt one to think about
Klinefelter syndrome and consider ordering a karyotype.

In secondary hypogonadism, which is more common than
primary, the FSH and LH are generally low or inappropriately
normal, usually in the single digits. It is appropriate to order
a serum prolactin level and iron studies in all patients with
secondary hypogonadism to rule out hyperprolactinemia and
hemochromatosis. If the testosterone level is significantly low
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(<150 ng/dl), this can suggest pituitary dysfunction. In this
case, evaluating all the pituitary hormones and considering
dedicated imaging, such as a pituitary MRI, may be war-
ranted [4].

Obesity-related complications are among the most com-
mon causes of HPG axis dysfunction. Obesity can lower total
testosterone levels by lowering SHBG levels, but it can also
lead to mild lowering of the free testosterone itself. Weight
reduction has been shown to improve testosterone levels
back to normal levels in obese men [7]. Thus, when faced with
an obese male without clear a cause of hypogonadism, the
treatment plan should focus on strategies to reduce weight
rather than replace testosterone. In most cases, it is perfectly
reasonable to withhold replacement therapy during evalua-
tion and while trialing other treatment options before initiat-
ing replacement therapy.

Hypogonadism is a common and complex disorder. Given
its prevalence and prominence in modern culture, a ground-
work for the appropriate workup and treatment of hypogo-
nadism is important for most providers to understand,
especially in the primary care and endocrine settings. The
diagnosis of hypogonadism should be made based on, as dis-
cussed above, a history of compatible symptoms, a good
physical examination, distinctly low serum testosterone lev-
els, and an evaluation for the cause of low testosterone, if
present.

It cannot be emphasized enough that male hypogonadism
is often due to other medical conditions or medications that
cause suppression of the male reproductive axis and is not
due to organic failure of the HPG axis. Often these condi-
tions are far more serious than the low serum testosterone
levels that they cause. “Low T” is therefore often an indica-
tion of much more serious underlying health issues. Therefore,
to maximize benefit and minimize harm to patients, it is
important, whenever possible, to identify and treat reversible
causes of low testosterone prior to starting testosterone
therapy. Obesity, sleep apnea, and depression should be
identified and treated; efforts should be made to remove
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offending medications, especially opiates and glucocorti-
coids. These measures will often normalize serum testoster-
one levels and sexual function. Treating prolactin elevations
will also usually return testosterone levels to normal.
Resection of pituitary adenomas commonly restores normal
gonadal function postoperatively. In many patients, strate-
gies focusing on eliminating the primary cause can lead to
restoration of testosterone levels, without having to expose
patients to the risks of testosterone therapy.

Replacement should only be initiated once true hypogo-
nadism is confirmed. Testosterone therapy can be adminis-
tered in multiple ways, including transdermal gels, transdermal
patches, axillary gels, trans-buccal patches, intramuscular
injections, and injections of pellets. When testosterone replace-
ment therapy is undertaken, patients should be informed that
this medication will likely suppress their own reproductive
axis, resulting in further impairment of testosterone produc-
tion and often significant reductions in sperm production
resulting in infertility. Once initiated, appropriate serum tes-
tosterone targets should be set and strictly adhered to. An
appropriate target is to maintain the serum testosterone level
in the middle of the normal range for males during transder-
mal therapy or midway between intramuscular injections.

Excessive testosterone levels should be carefully avoided.
It is not unusual, however, for some practitioners to pre-
scribe higher doses with hopes or promises of improved
benefits from high normal or frankly elevated serum testos-
terone levels. We have seen numerous patients who have
received testosterone pellet injections (which are advertised
aggressively on Internet websites) and who subsequently
had moderate to highly elevated serum testosterone levels as
well as high hematocrits and elevated prostate-specific anti-
gen (PSA) levels. Though the data are somewhat mixed,
some studies have shown an association of testosterone
replacement therapy with higher risks of cardiovascular dis-
ease [8,9]. In addition, conditions such as untreated obstruc-
tive sleep apnea may be worsened by testosterone
replacement therapy [10]. No clinical evidence supports the
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notion that high normal or frankly elevated serum testoster-
one levels provide any type of symptomatic or health benefit
compared to physiologic levels and, indeed, supraphysiologic
testosterone levels are those that are most likely to result in
significant side effects and complications. There is no pub-
lished evidence currently to support either the efficacy or
safety of this practice. We consider this type of therapy to be
dangerous and unethical and discourage our patients from
engaging in this type of therapeutic strategy.

Back to the Patient

This patient has multiple potential causes for having low
serum testosterone levels. He is obese. He probably has sleep
apnea based on his loud snoring. He is also under a great deal
of stress. These are all issues that can be approached with
lifestyle measures or medical therapy. His provider should
discuss all of these matters with him and inform him of the
serious impact his obesity, sleep apnea, and stressful life are
having on his body; his low serum testosterone is just one
example of this. He should be further advised that starting
testosterone replacement therapy is only a Band-Aid mask-
ing the underlying problem. We have found that explaining
the causes of low testosterone to men in a professional and
caring manner is well accepted. Most men are happy to know
that there is no significant permanent pathology within their
reproductive tract and that their low testosterone levels can
be improved by lifestyle measures that will allow them to
avoid a lifetime of dependency on testosterone replacement
therapy.
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Inappropriate Use
of Mifepristone to Treat
Diabetes Mellitus

Eveline Waring and Beatrice Hull

Like most good stories in medicine, this one begins with a
patient.

“Mrs. Smith” had been seen by another endocrinologist
6 months prior but had subsequently been referred to our
practice for another opinion. Like most second opinions, it
became clear very quickly that this was a complicated case.

This 62-year-old female had multiple medical problems
including but not limited to diabetes, morbid obesity, tricho-
tillomania, irritable bowel syndrome, depression/anxiety/
PTSD, gout, untreated sleep apnea, coronary artery disease,
recurrent upper respiratory infections requiring intermittent
courses of glucocorticoids, and chronic pain requiring
frequent “injections.” Her pertinent surgical history was a
laminectomy at an unknown level, cholecystectomy, and
appendectomy. She was married, did not use tobacco or alco-
hol, had two daughters, and was retired from clerical work.
She was allergic to codeine and Percocet, both of which
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caused itching. Her family history was notable for hyperten-
sion, obesity, diabetes, and hypothyroidism throughout.

Six months prior to our appointment, Mrs. Smith was
informed by her previous endocrinologist that she had an
elevated cortisol level and was immediately placed on mife-
pristone (Korlym) for treatment of Cushing’s syndrome. She
was on Korlym for 3 weeks but stopped it after developing a
rash, generalized weakness, and “feeling awful.” She did not
have labs at the time of discontinuing Korlym and therefore
did not know the status of her potassium at that time. After
stopping Korlym, her symptoms resolved within 1 week.

In keeping with her complicated medical history, she was
on multiple medications at the time of her first appointment
in our practice: valproic acid, brexpiprazole, allopurinol, ami-
triptyline, levothyroxine, pregabalin, pantoprazole, lubipros-
tone, rosuvastatin, metformin, empagliflozin, and
dulaglutide.

Mrs. Smith was accompanied by her husband at her initial
consultation. Their questions were why she had been placed
on treatment for Cushing’s syndrome, what was Cushing’s
syndrome, and did she indeed have it?

On physical exam, Mrs. Smith was anxious, tearful, and
morbidly obese. Her blood pressure was 125/84 mmHg with a
pulse of 82 and a BMI of 44 kg/m? She had male pattern bald-
ness, a buffalo hump, thin skin with ecchymoses on extensor
surfaces, central adiposity, and plethoric facies. She did not
have abdominal striae, and hirsutism was not noted.

Her accompanying medical records noted an incidental
right-sided adrenal nodule of 1.6 cm, described as benign per
radiological parameters. Her laboratory records were exten-
sive and showed fluctuating glucose control with a hemoglo-
bin A1C of 8%. Her potassium and renal function were
normal. There was no complete blood count with her initial
labs. Her 24-h urine cortisol was 12 mcg/24 h (normal, 0-50
mcg/24 h). After 1 mg overnight dexamethasone suppression
test, her morning cortisol was 1.5 mcg/dl (with a dexametha-
sone level of 170 ng/dL) and ACTH of 3.0 pg/ml (normal,
72-63.3 pg/ml). Plasma metanephrine was 30 pg/ml (normal,
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0-62 pg/ml) with a mildly elevated normetanephrine of
147 pg/ml (normal, 0-145 pg/ml), DHEA-S was 25.9 mcg/dl
(normal, 29.4-220.5 mcg/dl), plasma aldosterone 30 ng/dl,
plasma renin activity 11.78 ng/ml/h, insulin level of 44.1 ulU/
ml (normal, 2.6-24.9 ulU/ml), TSH 6.3 mU/L (normal, 0.45-
4.5 mU/L), TPO antibodies 126 IU/ml (normal, 0-34 TU/ml),
and free T4 0.53 ng/dl (normal, 0.58-1.64 ng/dl).

Further history was obtained. The patient noted that she
had not gained weight in years and had maintained the exact
same shape since her last pregnancy 30 years prior.
Interestingly, she added that her entire family favored one
another in appearance and showed a photo to solidify her
claim. She admitted to problems with depression and knew
that she was a “stress eater” and preferred “comfort foods” of
potatoes and pasta to the foods recommended to her previ-
ously for her diabetes. As to her male pattern baldness, she
confessed that she pulled her hair out as part of her PTSD
from childhood trauma. She was having a difficult time find-
ing a regimen that addressed her depression/anxiety ade-
quately and was constantly adjusting her psychiatric
medications accordingly. She had had multiple courses of oral
glucocorticoids in the preceding few years and countless
injections in her lumbar spine, hips, and knees for pain.

This is a particularly difficult patient, with multiple comor-
bidities and a striking appearance consistent with Cushing’s
syndrome. That said, there were significant confounding vari-
ables that were not necessarily taken into account before the
diagnosis of Cushing’s was applied to this patient. As we
know from a preceding chapter in this book, pseudo-Cushing’s
can be caused by depression, obesity, alcoholism, and poorly
controlled diabetes. In this particular patient, all of the above
apply with the exception of alcoholism. Further, the patient
had been treated with exogenous steroids on multiple
occasions over the previous several years prior to her arrival
in our office.

We were curious about the diagnosis of Cushing’s syn-
drome for this patient and, subsequently, about her treatment
with mifepristone, so we did some digging into the literature.
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Mifepristone, a glucocorticoid and progesterone receptor
antagonist, is marketed as Korlym and is approved by FDA
to control hyperglycemia occurring secondary to hypercorti-
solism in patients with endogenous Cushing’s syndrome who
have diabetes mellitus type 2 or glucose intolerance and who
have failed surgery or who are not surgical candidates.

As you see from our example, the indication for mifepris-
tone use was arrived at in reverse: the patient presented with
difficult-to-control metabolic syndrome (obesity, hyperten-
sion, diabetes, depression), and then the search for hypercor-
tisolemia was undertaken, culminating in the patient being
placed on mifepristone.

In order to know if mifepristone can and should be used
in our reference patient, three questions need to be
answered: (1) How prevalent is autonomous cortisol secre-
tion? (2) How should the diagnosis of autonomous cortisol
secretion be made? (3) Has the appropriate risk-benefit
analysis been done comparing mifepristone with other
treatment options?

Autonomous cortisol secretion is a state of altered
hypothalamic-pituitary-adrenal axis cortisol secretion with-
out classic features of overt cortisol excess. It is reportedly
present in 5-30% in patients with adrenal incidentalomas [1].
Because adrenal masses are common in the general popula-
tion (4-7%), the prevalence of autonomous cortisol secretion
in adults in general population is estimated to be 0.2-2% [1].

The majority of studies evaluating the diagnostic approach
to autonomous cortisol secretion have been done in patients
with adrenal incidentalomas. The overnight 1 mg dexametha-
sone suppression test (1 mg DST), 24-h urinary free cortisol
(UFC), midnight salivary cortisol (MSC), and ACTH mea-
surement have all been studied as diagnostic tests for this
condition with very variable results in sensitivity and specific-
ity [1]. Subsequently, the definition of autonomous cortisol
secretion varies, and there is no one reliable test to diagnose
this condition, leading physicians to utilize multiple available
tests to try to make an accurate diagnosis [1], but it also cre-
ates the situation where the interpretation of tests results can
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to be interpreted “loosely” depending on physician personal
bias and experience.

In their practice guidelines for the management of adre-
nal incidentalomas published in 2016, the European
Society of Endocrinology advises use of 1 mg DST as a
screening test with a level below 1.8 mcg/dl excluding
autonomous cortisol secretion, the level >3 mcg/dl con-
firming it, and the level between 1.9 and 2.9 mcg/dl requir-
ing additional testing [2].

Meta-analyses of 14 studies published in 2017 showed that
among 2827 type 2 diabetic patients, the pooled prevalence
of hypercortisolism and Cushing’s syndrome was 3.4% (95%
CI, 1.5-5.9) and 14% (95% CI, 0.4-2.9), respectively [2].
Screening tests used to diagnose hypercortisolism varied
considerably among studies (1 mg DST with variable cutoffs
and MSC being most commonly used) [3]. Fifty-two percent
of patients with hypercortisolism had adrenal tumors [3].
Some, but not all, studies suggested that poor glycemic con-
trol was associated with the increased prevalence of hyper-
cortisolism [4].

It is logical to think that autonomous cortisol secretion can
be associated with metabolic disorders (diabetes, hyperten-
sion, obesity) and cardiovascular disease, just as overt
Cushing’s syndrome can. To date, studies evaluating possible
health implications of hypercortisolism have yielded variable
results confounded by disease definition and sample popula-
tions. Hypertension and impaired glucose metabolism are
more prevalent in patients with hypercortisolism; however,
the prevalence range for type 2 diabetes is quite wide
(5-69%) [4]. Several studies show that patients with adrenal
adenomas and hypercortisolism have an increased risk to
develop cardiovascular disease and increased mortality
attributable to cardiovascular disease and infectious compli-
cations [5].

Studies that evaluate treatment options in patients with
autonomous cortisol production are few. Most evaluate patients
with autonomous cortisol secretion and adrenal adenomas
comparing conservative management with adrenalectomy.
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Good-quality studies are lacking and available studies suffer
from retrospective study designs, small sample sizes, variable
diagnostic criteria for hypercortisolism and comorbidities, and
variable follow-up times. In a meta-analysis of 26 such studies
published in 2016, low-to-moderate quality evidence suggested
that adrenalectomy in patients with autonomous cortisol secre-
tion and adrenal adenoma shows improvement in cardiovascu-
lar risk factors and improvement in hypertension (RR 11,95%
CI, 4.3-278) and diabetes mellitus type 2 (RR 3.9, 95% CI,
1.5-9.9), but not dyslipidemia or obesity when compared with
conservative management [6]. Aggressive medical manage-
ment of comorbidities has never been compared to adrenalec-
tomy. No studies have been done to evaluate management
outcomes in patients with hypercortisolemia without adrenal
adenomas or in patients with subclinical Cushing’s syndrome
and pituitary adenomas.

Mifepristone was studied in patients with Cushing’s syn-
drome who had type 2 diabetes mellitus, glucose intolerance,
and hypertension [7]. These study end points were used as
surrogate markers of antiglucocorticoid effect of mifepris-
tone: glycemic control improved in 60% of patients, diastolic
blood pressure improved in 38%, and 87% of patients
reported improvement in signs and symptoms and overall
wellbeing [7]. Side effects were common: fatigue (48% ), nau-
sea (48%), headache (44%), hypokalemia (34%), arthralgia
(30%), vomiting (26%), edema (26%), and endometrial
thickening in women (20%) [7].

There is only one published study assessing the use of
mifepristone in patients with autonomous cortisol secretion
and adrenal incidentalomas treating six subjects with mife-
pristone for 4 weeks [8]. These patients did not have abnor-
mal glucose metabolism at baseline. Treatment with
mifepristone showed a decrease in insulin resistance indices
in five out of six patients [8]. One subject withdrew from the
study due to fatigue, and hypokalemia was found in two sub-
jects [8].

To date, there are no studies evaluating mifepristone effi-
cacy in patients with hypercortisolemia without an adrenal
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adenoma. There are also no long-term outcome and safety
studies comparing mifepristone with aggressive management
of comorbidities.

In summary, autonomous cortisol secretion is quite preva-
lent, especially in high-risk populations such as poorly con-
trolled diabetic and hypertensive patients with adrenal
incidentalomas, but the diagnosis of this condition is difficult
to establish properly owing to the lack of a single best test.
Good-quality, long-term studies evaluating different treat-
ment options (aggressive management of comorbidities ver-
sus adrenalectomy versus management of hypercortisolemia)
are lacking. Appropriate studies evaluating the efficacy and
safety of mifepristone in patients with autonomous cortisol
secretion with or without adrenal adenomas are insufficient.
In our opinion, it is important to examine the current state of
evidence when considering prescribing medication with the
potential for myriad side effects and an exorbitant price tag
(up to $240,400 for 1 year). It would therefore seem advisable
to exercise patience and await larger clinical trial data.
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Chapter 19

Insulin-like Growth
Factor-1 Deficiency

Thomas Ittoop and S. Sethu K. Reddy

Introduction

Insulin-like growth factor-1 is a peptide hormone primarily
synthesized in the liver and is an essential component of an
individual’s growth [1]. Secretion of GH from the pituitary
gland stimulates the hepatic production of IGF-1 and its
release into circulation. IGF-1 lengthens bones by its action
at the epiphyses (it is estimated that 2/3 of all bone growth is
directly due to the effects of IGF-1). Other IGF-1 effects
include modulating cellular growth, proliferation, differentia-
tion, and survival against apoptosis. The effects of IGF-1 are
mediated through the IGF-1 receptor (IGF-1R) and its sig-
naling pathway. The IGF-1R is structurally and functionally
similar to the insulin receptor. Thus, IGF-1 can bind to insulin
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receptors but at a much lower affinity than insulin. It is also
known that insulin can bind to the IGF-1R but at a lower
affinity than IGF-1. Unlike insulin, however, there are several
IGF-1-binding proteins (IGF-BP) that help to increase the
circulating half-life and delivery of IGF to tissues, modulating
IGF-1 interactions with IGF-1R by holding on to or releasing
IGF-1, ultimately regulating the bioavailability of IGF-1.

Over the last 20 years, the IGF-1 system has been recog-
nized as far more complex than a simple GH-IGF-1-bone axis
[2]. IGF-1 has paracrine and autocrine functions as well as
classic endocrine actions, and the IGF-1 + IGF-BP + IGF-1R
system interacts with other growth factors, cytokines, lipopro-
teins, reactive oxygen species, and hemodynamic forces. In
addition, there is cross talk between the IGF system and
other growth factors and integrin receptors. There is accumu-
lating evidence of a role for IGF-1 in multiple vascular
pathologies, including atherosclerosis, hypertension, resteno-
sis, angiogenesis, and diabetic vascular disease [3].

The IGF-BP family (at least six members) serves as trans-
porter proteins and as storage pools for IGF-1. The expres-
sion of IGF-BPs is tissue- and developmental stage-specific
and the concentrations of IGF-BPs in different body com-
partments are different. The functions of IGF-BPs are regu-
lated by phosphorylation, proteolysis, polymerization, and
cell or matrix association of the IGF-BP. All six IGF-BPs are
known to inhibit IGF-1 action, but IGF-BP-1, IGF-BP-3, and
IGF-BP-5 have also been shown to stimulate IGF-1 action.

The acid-labile subunit (ALS) functions to maintain the
balance of the circulating IGF/IGF-BPs in the system; ALS is
critical to the maintenance of a large reservoir of IGFs by
extending their half-life from 10 min (free forms) to 30-90 min
in binary complexes (early periods of human life) and later to
more than 12 hours, when bound into tertiary complexes.
ALS deficiency can lead to low IGF-1 levels and cause
primary IGF-1 deficiency and thus qualify for IGF-1 therapy.
The measurement of IGF-1 levels is challenging with at least
six commercially available assays. The measurement of IGF-
BPs, in particular IGF-BP3, is also critical. IGF-1 levels rise
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incrementally from infancy to adulthood and then slowly fall
after age 30.

A deficiency of IGF-1 should be considered in patients,
specifically children, who present with short stature or
delayed onset of puberty [4]. IGF-1 deficiency presents simi-
lar to growth hormone deficiency (GHD) and involves the
following clinical features: severe growth failure after birth,
delayed bone maturation and puberty, prominent forehead,
small face, shallow orbits, blue sclera, and delayed dental
eruption. It also includes an increased tendency to develop
low blood glucose levels, walking and motor development
delays, and a tendency for excess fat deposition around the
trunk. Long-term IGF-1 deficiency in adults is thought to
causally relate to neurodegeneration and dementia and is
associated with coronary artery disease.

The causes of IGF-1 deficiency can be classified into two
main types: primary and secondary. Primary IGF-1 deficiency
refers to IGF-1 impairment but with normal GH secretion.
Secondary IGF-1 deficiency refers to IGF-1 impairment due
to some dysregulation in GH secretion. IGF-1 impairment
can be attributed to different molecular aspects of both pri-
mary and secondary deficiency, as seen in Table 19.1. It is
important to note that IGF-1 is activated downstream of GH
and that any pathological reduction in GH will ultimately
result in reduced IGF-1 as well, as seen in any case of second-
ary IGF-1 deficiency. Until primary vs secondary IGF-1 defi-
ciency is determined, causes of GH reduction should be
under careful consideration. This chapter, however, will put
an emphasis on primary IGF-1 deficiency.

Diagnosis of IGF-1 Deficiency

Suspicion of a growth deficiency should arise when tracking
a patient’s height, weight, and growth velocity. If a patient’s
progress is concerning for short stature, then an X-ray of the
hand and wrist can be obtained to determine the level of
skeletal growth plate maturation, along with a measurement
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TaBLE 19.1 Molecular causes of IGF-1 deficiency

Classification of IGF

deficiency Pathogenesis

Primary IGF-1 deficiency: IGF-1 impairment, normal
growth hormone (GH) secretion

Dysfunction in GH action Anti-GH antibodies
Excess GH binding proteins
GH receptor (GHR)
dysfunction: GHR antibodies,
GHR gene defects
JAK-STAT secondary
messenger system dysfunction

Defects in IGF-1 production ~ IGF-1 gene mutation/deletion
Disruption of IGF-1 cofactors

Dysfunction in IGF-1 action = Lack of IGF-1-binding proteins
(IGF-BP)
Excess binding proteins
Deficiency of acid-labile subunit
(ALS)
IGF-1 receptor (IGF-R)
dysfunction: antibodies to
IGF-R or gene mutation

Secondary IGF-1 deficiency: IGF-1 impairment due to
dysregulation in GH secretion
GH production defect Somatopause
GH-releasing hormone Receptor/genetic defect of
(GHRH) defect/GHRH GHRH receptor

receptor defect

of serum IGF-1 levels [5]. At this time, measurement of
IGF-BP-3, or the binding protein for IGF-1, can be ordered
as well, as these levels can affect the bioavailability of IGF-1.
If the IGF-1 levels are low, then a GH stimulation test can be
administered to differentiate between primary and secondary
IGF-1 deficiency. Failure of IGF-1 to rise after GH stimula-
tion indicates a primary IGF-1 deficiency. If IGF-1 rises after
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the stimulation test, then further evaluation of GH deficiency
and secondary causes must be considered.

Clinical Causes of IGF-1 Deficiency

There are multiple factors that can contribute to the molecu-
lar changes shown in Table 19.1 that result in primary IGF-1
deficiency. When diagnosing a patient with IGF-1 deficiency,
it is important to look into correlating diseases, nutrition, and
genetics to understand the root of the deficiency, for all of
these can contribute to a reduction in IGF-1.

Associated Diseases

Different underlying conditions can lead to a deficiency in
IGF-1. A prime example is liver disease. Since the liver is the
main site of IGF-1 synthesis, patients with cirrhosis can pres-
ent with an IGF-1 deficiency [6]. The liver is not the only site
of IGF-1 synthesis. Studies have shown that local (paracrine)
IGF-1 can have overlapping effects with liver IGF-1, but it
cannot replace liver-derived IGF-1 for the major phenotypic
functions [7]. Thus, a lack of IGF-1 production from a
cirrhotic liver can manifest as a clinical phenotype of IGF-1
deficiency. Recent evaluation has found that IGF-1, when
studied in 64 hospitalized patients with cirrhosis over a 2-year
period, is not regulated by nutrition. Patients with IGF-1
Z-scores < median values (—2.5) showed lower long-term
survival rates compared with patients with IGF-1 Z-scores >
—2.5 (P <0.01).IGF-1 Z-scores were not different in patients
with or without signs of energy malnutrition, as defined by
values of midarm muscle circumference (MAMC) and/or
triceps skinfold (TSF) <5th percentile. These data indicate
that serum IGF-1 is not related to energy malnutrition in cir-
rhotic patients, while it appears to be a good predictor of
survival and an early marker of liver dysfunction.
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Hypothyroidism can also lead to reduced IGF-1 levels.
One study reported that removing I-thyroxine from patients
who underwent a thyroidectomy decreased levels of both
IGF-1 and IGF-BP [8].

IGF-1 deficiency is associated with chronic kidney disease
as well, specifically through GH resistance [9]. One of the
major mechanisms that contributes to this correlation is the
reduced levels of free IGF-1 circulating through the body.
This is caused by an increased level of IGF-1-binding proteins
(IGF-BPs) due to decreased renal excretion caused by
chronic kidney disease. As a result, more IGF-1 is bound to
IGF-BPs, and IGF-1 is not free to fulfill its physiological
purpose, causing a functional primary IGF-1 deficiency.
Other mechanisms seen in chronic kidney disease include an
impaired secondary messenger system, specifically in JAK/
STAT signaling, from the GH receptor and an overall reduced
concentration of GH receptors.

Laron syndrome [10] is characterized by the inability to
utilize GH. As an autosomal recessive disorder, it is a form
of primary IGF-1 deficiency that results from a deletion or
mutation in the GH receptor gene. Because the defect is in
the GH receptor, serum GH levels are elevated. Although
Laron syndrome is an extremely rare disease [around 350
people have been diagnosed in the world [11]], it is an
important congenital model used for IGF-1 deficiency
research and reference. Individuals with Laron syndrome
exhibit the classic characteristics expected of an inability
to produce IGF-1, including growth defects/dwarfism,
obesity, and delayed puberty. Interestingly, those with
Laron syndrome have been shown to be protected from
cancer development, likely as a result of the IGF-1 defi-
ciency [12], highlighting the involvement of IGF-1 in cer-
tain cancers. Nevertheless, an understanding of the
molecular basis of Laron syndrome and its clinical
manifestations is important for the thorough understanding
of primary IGF-1 deficiency.
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Reduced IGF-1 is also seen in malabsorption diseases,
including cystic fibrosis, inflammatory bowel disease, and
celiac disease. It is also a characteristic of diseases with sig-
nificant energy requirements, such as cardiac disease (those
involving cyanosis or congestive heart failure) and HIV infec-
tions [13]. These diseases are categorized together because of
their relation to nutrition, caloric deficits, and specific mineral
deficiencies, which is the next point of discussion.

Nutrition

Nutritional disturbances should be a key differential in ana-
lyzing an IGF-1 deficiency. There are many aspects of nutri-
tion that contribute to this deficiency. For example, obesity
has been shown to lead to insulin/IGF-1 resistance. One study
even linked this obesity-related insulin/IGF-1 resistance to an
exacerbation of neurodegeneration in disorders such as
Alzheimer’s disease, Parkinson’s disease, and Huntington’s
chorea [14]. More often, however, forms of undernutrition
are the source of IGF-1 deficiency.

GH resistance can result from undernutrition via the GH
receptor signaling pathway. During fasting, fibroblast growth
factor 21 (FGF21) is produced in adipocytes. FGF21 subse-
quently decreases phosphorylation of signal transducer and
activator of transcription 5 (STATS) [15]. Phosphorylation of
STATS is an important step in the secondary messenger cas-
cade of the GH receptor that leads to IGF-1 production.
Studies have also shown that restriction of calorie intake and
protein intake both result in reduced levels of IGF-1 [16]. It
is important to determine if a patient with decreased IGF-1
levels is ingesting enough calories and protein to match the
amount of energy he or she expends. Calorie and protein
deficiencies can be especially prevalent in areas with lack of
access or education to enough healthy food needed to main-
tain IGF-1 levels. There are a multitude of other reasons why
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a patient might not be receiving enough calories in their diet,
including fear of obesity and side effects of medication.
Therefore, a thorough history is needed to determine the
underlying cause of such nutritional deficiency. Although low
IGF-1 levels in preclinical models are associated with vitamin
B6 [17], magnesium [18], and zinc [19] deficiencies, their
physiological importance in man remains unclear. lodine
deficiency has also been correlated with reduced IGF-1 lev-
els, but iodine supplements should not be administered, given
the risk of hypothyroidism and an additional reduction in
IGF-1 [20].

Low IGF-1 Levels in Adults

IGF-1 deficiency may be considered by some to be a GH
insensitivity or GH resistance syndrome. However, while
IGF-1 excess is usually related to GH excess, IGF-1 defi-
ciency may not necessarily be due to GH deficiency. Thus, an
adult syndrome similar to the Laron syndrome is unlikely.
Most patients with severe IGF-1 deficiency have normal con-
centrations of GH. This primary form of severe IGF-1 defi-
ciency (with normal or high GH levels) is differentiated from
secondary forms of IGF-1 deficiency, such as in malnutrition
or liver disease.

For adults with newly discovered IGF-1 deficiency, one
must conduct formal endocrine testing for reduced GH secre-
tion prior to initiating GH therapy. At present, a low IGF-1
itself does not support access to GH therapy.

Potential Clinical Implications of Low IGF-1
Levels

Low IGF-1 levels are associated with impaired glucose intol-
erance [21] and type 2 diabetes [22]. Low IGF-1 levels may
also be related to hepatic insulin resistance and impaired beta
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cell function [23]. However, it is not clear whether these asso-
ciations are related to underlying impairments in cell func-
tion because portal insulin is an important promoter of
hepatic IGF-1 synthesis [7]. Thus, evaluation of healthy adults
will be useful in delineating the physiological roles of IGF-1.

Though more evidence is needed to prove causality, there
is some suggestion that low IGF-1 levels may be associated
with more rapidly progressive vascular dementia, Alzheimer’s
dementia [24], and Parkinson’s disease [25], increased risk of
ischemic stroke, and a lower risk of some cancers [26, 27].
Future delineation of these associations will no doubt
depend upon clarification of the endocrine (systemic) vs.
paracrine (local) effects of IGF-1; it is possible that circulat-
ing levels of IGF-1 do not reflect local tissue-specific IGF-1
regulation [14].

IGF-1 and its signaling pathway play a primary role in
normal growth and aging. Recent studies suggest that IGF-1
is essential for neurogenesis in the adult brain, and thus, the
reduction of IGF-1 with aging may contribute to age-related
cognitive decline [28].

Initially, low IGF-1 levels may serve as biomarkers of
prognostic significance [29] in certain disorders such as liver
disease [30], nonalcoholic steatohepatitits (NASH) [31], and
overall nutrition, including obesity [32].

IGF-1 and Longevity [33]

In vivo studies of preclinical models have established that a
downregulated GH/IGF-1 system may be associated with
increased longevity. Data in humans has been more contro-
versial. The rationale for this concept arises from caloric
restriction-associated increased life span and nutritional
status-associated IGF-1 biology [34]. There are conflicting
results from a variety of centenarian cohorts [35], from higher
levels of IGF-1/IGF-BP3 levels to low IGF-1 levels being
associated with longevity [36].
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Treatment Guidelines for IGF-1 [37]

Increlex (mecasermin) contains recombinant DNA-
engineered human IGF-1 (thIGF-1). thIGF-1 is approved in
Europe and the USA for the treatment of growth failure in
children with severe primary IGF-1 deficiency as it stimulates
linear growth. Patients with severe primary IGF-1 deficiency
(primary IGFD) fail to produce adequate levels of IGF-1,
due to disruption of GH stimulated IGF-1 release.

Increlex (rhIGF-1) is specifically indicated for the long-
term treatment of growth failure in pediatric patients with
primary IGFD or with GH gene deletion who have devel-
oped neutralizing antibodies to GH. It is not indicated to
treat secondary IGFD resulting from GH deficiency, malnu-
trition, hypothyroidism, or other causes; it is not a substitute
for GH therapy.

For children with GH resistance and IGF-1 deficiency,
the FDA has approved IGF-1 as a therapeutic agent for
severe forms of IGF-1 deficiency. A combination of IGF-1
with IGF-BP-3 (IGF-1/BP-3 complex) has also been
approved by the FDA but is not currently in use due to legal
issues. For primary IGF-1 deficiency, the following three
criteria must be met prior to use of rthIGF-1: basal IGF-1
and height should be three standard deviations (SD) or
below for age and sex; stimulated GH should be normal or
elevated [GH peak level greater than 10 ng/ml or basal
(unstimulated) serum GH level greater than 5 ng/ml] [38].
Of note, the growth response in these children tends to be
less than the response seen by GH-deficient children
treated with GH.

Increlex is supplied as a sterile, aqueous, clear, and color-
less solution intended for subcutaneous injection. Dosing
should be titrated on a per-patient basis: the recommended
initial dose is 40-80 mcg/kg twice daily. The dose can be
increased in 40 mcg/kg/dose increments if well tolerated for
1 week, to a maximum dose of 120 mcg/kg twice daily.

The authors are not aware of any initiatives to seek
approval of IGF-1 therapy for adult IGF-1 deficiency.
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Summary and Clinical Tips

1.

IGF-1 biology is far more complex than the original con-
cept of GH-stimulated hepatic release of IGF-1 to result in
systemic effects of growth and development. IGF-binding
proteins play a key role in IGF-action as well as cross talk
between IGF-1 receptor activation and a multitude of
other second messenger systems.

. IGF-1 deficiency is usually the result of conditions other

than pure GH deficiency. Thus low IGF-1 levels by them-
selves have to be investigated further. Treating the under-
lying cause will usually result in improvement in the IGF-1
deficiency.

. There is early human data that IGF-1 levels may be a

marker of healthy aging but also of progression of liver dis-
ease, CNS-degenerative conditions, atherosclerosis, and
many other disorders.

. Future studies are needed to delineate the differential

effects of endocrine IGF-1 vs. paracrine IGF-1 and abnor-
malities in IGF-1 action cross talk, to truly understand the
effects of IGF-1 in humans.
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Chapter 20

Non-thyroidal
Hypothyroidism

James V. Hennessey

The Case: A 71-year-old Caucasian woman seeks consulta-
tion for a 3-month history of tiredness and feeling depressed.
The first question to be answered is how likely is it that she
is hypothyroid based on this clinical presentation? Over
20 years ago, a series of observations were made in regard
to the association of symptoms of hypothyroidism and the
presence of biochemically documentable disease. Canaris
et al. reported in 1997 that when considering the frequency
with which symptoms consistent with the presence of
hypothyroidism were reported, the biochemical confirma-
tion of a hypothyroid state was variable [1]. When consid-
ering subjects with no symptoms of hypothyroidism, about
40% of euthyroid subjects fit this profile as did just over
35% of those with documented subclinical hypothyroidism
(SCHypo) and about 28% of patients with overt hypothy-
roidism (OHypo). Those complaining of one or two
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symptoms of hypothyroidism were nearly equally distrib-
uted across the spectrum of euthyroidism to overt hypothy-
roidism, but when four or more symptoms were present,
overtly hypothyroid subjects were present in statistically
significantly higher rates (about %) when compared to
those with SCHypo (about 22%) and the euthyroid group
where nearly 18% complained of symptoms consistent with
the presence of hypothyroidism [1]. Clearly the ability of a
clinician to accurately identify those with biochemical
hypothyroidism based on the presence of symptoms is poor.
In another report in 2000, the same authors examined the
frequency with which specific symptoms were reported in
subjects with OHypo and biochemically euthyroid controls
without thyroid disease [2]. The most commonly reported
symptom, dry skin, was noted by fewer than 30% of those
with OHypo, while 25% of euthyroid controls had the same
complaint. Because of the large number of subjects partici-
pating in this study, this difference was statistically signifi-
cant, but again a seasoned clinician immediately recognizes
that the specificity of this finding is lacking. These authors
performed similar analysis of 14 symptoms consistent with
hypothyroidism and found similar overlapping but statisti-
cally significant differences in 12 parameters. Although the
authors concluded that the symptoms of hypothyroidism
are noted more frequently in those with OHypo, the high
prevalence of the same complaints among euthyroid indi-
viduals [2], who according to guidelines would not be can-
didates for thyroid hormone replacement [3],again provides
a clear clinical caveat for the use of symptoms to make
clinical decisions regarding thyroid hormone replacement.
More recently, Carle et al. have looked at this issue using a
different set of complaints that were found to be associated
with hypothyroidism [4]. These authors analyzed the likeli-
hood of finding biochemical hypothyroidism based on
symptoms among subjects stratified by gender and age. The
number of symptoms reported by patients with OHypo vs.
euthyroid controls without thyroid disease was significantly
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higher in younger subject, but the frequencies were far
more similar in those over 60 and completely overlapping
in those over 70 years of age [4]. Among the younger sub-
jects (less than 50 years of age), those with three or fewer
symptoms were unlikely to be hypothyroid, while in those
over 60, the presence of one symptom predicted the
absence of hypothyroidism [4]. While the likelihood of find-
ing hypothyroidism did significantly increase as the number
of symptoms rose above 4 in the younger group (<50 years),
there was no significant predictive value of symptoms seen
in the older subjects when 2-8+ symptoms were present [4].
Lastly, when stratified by age and gender, receiver operator
curve analysis indicated that symptoms performed best for
men under 50 and far worse for women over 60 years of age
[4]. So to try to answer the first question posed, this patient
is unlikely to be hypothyroid based on this clinical
presentation.

But the patient is in her primary care MD’s office
expecting that her complaints will be addressed, so what
does one do after a complete history and physical exam? Is
there an indication for measuring thyroid function tests
(TFTs) in a patient with this presentation? Of course, so
who are the patients who are most frequently assessed with
thyroid function testing in the primary care setting? Bould
et al. systematically reviewed the thyroid function test
ordering patterns of primary care practitioners in Bristol,
England [5]. These authors reviewed the thyroid function
test results associated with the indications for test ordering
in 325 subjects who met all inclusion criteria of this pro-
spective study. The thyroid function assessments had been
ordered at the clinical discretion of the primary care physi-
cian. Those with tests ordered were invited to participate in
this study which involved the completion of three question-
naires assessing psychiatric distress (GHQ-12), likelihood
of depression (PHQ-9), and thyroid symptomatology
(TSQ). The results of thyroid function testing on the 325
subjects, 78% of whom were women with a mean age of



254 J. V. Hennessey

45.7 years, were then correlated with the symptom scores of
the 3 assessment tools. Overall, only 6.2% of the population
had a TSH greater than 4.0 which the authors designated as
potential SCHypo [5]. Further breakdown of the thyroid
function documented in this group of clinically eligible
patients indicated that only 4% had a single TSH over 4.5
and no subjects with OHypo were reported. The mean TSQ
score was 15.7 (1-32); when I took the TSQ, I scored a 6 and
I learned that there are few if any standardized expected
score ranges in euthyroid individuals. Overall psychiatric
stress levels were high with 54.2% of the population indi-
cating caseness on the GHQ-12 and 55.1% reflecting pos-
sible depression on the PHQ-9 scale [5]. None of these
scales predicted the elevation of TSH which would have
indicated a potential thyroid etiology of the symptoms [5].
Comparison of the TSQ-12 scores of the individuals in the
Bould study to the control subjects, administered the same
questionnaire by Saravanan et al., indicated that TSQ
scores were worse in Bould’s report (TSQ = 16) versus a
TSQ of 12 in Saravanan’s controls and 13 in those treated
with LT4 for well-documented hypothyroidism [6]. Likewise
the GHQ-12 rating of caseness (about 54%) was much
higher [5] than the controls and LT4-treated subjects in the
Saravanan report (25-35%), so the context of these ratings
is limited. A TSH greater than 4.0 mIu/mL was not corre-
lated with any of the quality of life (QOL) measures [5]
further limiting the utility of factoring in patient-reported
symptoms in clinical decision-making. Bould’s report docu-
ments that those referred for thyroid function testing in the
course of primary care practice (PCP) have high rates of
psychological stress. There is a low correlation of symptoms
and abnormal TFTs. Identification of mild TSH elevations
often results in the initiation of LT4 Rx which assumes the
symptoms are actually due to hypothyroidism. As a diag-
nostic label will be professionally affixed to the patient, the
search for alternative explanations of symptoms usually
ends. If LT4 is initiated in a patient without significant thy-
roid dysfunction, the therapy is likely to fail to cure what
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should be considered non-thyroid symptoms [7] resulting in
patient dissatisfaction and confusion. The authors of the
Bould study specifically requested that PCPs keep
psychological morbidity in mind and avoid prematurely
labeling subjects as hypothyroid [5].

Who actually gets treated with LT4 in PCP offices?
After appropriate exclusions, a study of 52,298 subjects
receiving LT4 prescriptions over a 9-year period was
assessed through the United Kingdom Clinical Practice
Research Datalink [8]. The authors considered TSH and
FT4 values obtained pre-LT4, and again after 5 years of
LT4 therapy, correlations with demographic and concomi-
tant diagnosis information were initiated and investigated.
The TSH value available at the time of L-thyroxine initia-
tion was less than 4.0 mIu/L (euthyroid) in about 6%; TSH
was between 4.0 and 10.0 in 55.1% and greater than 10 in
38.8% [8]. The authors report a concerning trend of a
decreasing TSH threshold for initiation of LT4 in succes-
sive years; this is mainly accounted for by an increase in
the number of prescriptions written for TSH between 4.0
and 10.0 mIu/L, while prescriptions issued to subjects with
TSH greater than 10.0 declined and LT4 offered to those
with TSH less than 4.0 remained essentially unchanged
over time [8]. This data is of concern as euthyroid subjects
are apparently being offered a treatment that is unlikely to
be of clinical benefit [7] and more patients are receiving
treatment for degrees of hypothyroidism demonstrated to
be unresponsive from a symptomatic perspective [9]. The
sum of this data further documents the need to verify the
presence of hypothyroidism prior to initiating or altering
thyroid hormone replacement in patients with symptoms
consistent with hypothyroidism.

Back to the case, recall that this 71-year-old woman
sought consultation for a 3-month history of tiredness and
feeling depressed. Her past medical history is as follows: a
gradual 60 1b. weight gain following birth of her third child
at age 36 along with decreased physical activity and plantar
fasciitis when her TSH was documented to be 1.4 mlu/L
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and further a diagnosis of hypertension at age 45 (TSH 1.8)
which had been treated with propranolol for the past
27 years. Next a diagnosis of hypercholesterolemia was
made at age 49 when her TSH was documented to be 2.0.
She reports being treated since then with simvastatin ini-
tially and now atorvastatin. At age 62 she was given a diag-
nosis of depression and had her TSH was documented to be
3.3 mIU/mL. She has been treated with SSRIs since that
diagnosis. Relevant evaluation at age 70 includes thyroid
function tests ordered by her PCP 12 months prior (age
70 years). TSH 4.6 mIU/mL (0.4-4.12 mIU/mL) at 16:30.

Again the question: is this patient hypothyroid and should
she be treated now to relieve her symptoms? If we assume
that SCHypo is potentially the basis of the patient’s current
symptoms and recognize that there was no indication that
hypothyroidism played a role in the etiology of her other
medical problems, a review of the incidence, the prediction of
persistently elevated TSH, and if a single elevated TSH actu-
ally predicts progression to overt hypothyroidism are
appropriate.

In a study of 3594 (non-LT4 using) subjects, >65 years of
age, 85% (n = 3057) were euthyroid at baseline and 2.7%
became SCHypo by a 2-year follow-up. A total of 12.8%
(n = 459) met criteria for SCHypo at the baseline visit. Of the
369 completing a 2-year follow-up evaluation, 56 % remained
SCHypo, 35% reverted to euthyroidism, 2% progressed to
overt hypothyroidism, and 7% had been started on LT4 [10].
At 4 years of follow-up among subjects with SCHypo at the
2-year follow-up, 58 % remained SCHypo and 8% reverted to
normal, 2% progressed to overt hypothyroidism, and 11%
were on LT4. The bottom line here is that one set of TFTs
with an elevated TSH consistent with SCHypo misclassifies
more than 40% of the elderly. Clinical diagnosis requires
more than one set of TFTs to establish SCHypo. In this obser-
vational study, TSH values greater than 10 increased the risk
of persistent SCHypo and OHypo and the eventual clinical
initiation of LT4 treatment [10].
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Returning to the patient once again, relevant informa-
tion at age 71 included thyroid function tests by her PCP
12 months prior (age 70) with a TSH 4.6 mIU/mL (0.4-4.12
mlIU/mL) at 16:30 and a TSH of 5.3 mIU/mL 1 month later
at 08:00. The FT4 1.5 ng/ml (0.8-1.7) and a TT3 81 ng/dL
(80-200) were noted to be “low normal” in the PCP’s note.
Do these findings identify an individual with clinically rel-
evant hypothyroidism that is likely to benefit from thyroid
hormone replacement? To answer that question, we would
need to consider what an upper normal cutoff for TSH is.
Although in the past we have received recommendations
suggesting a TSH >2.0 was too high, this was based on risk
of developing overt hypothyroidism in the 20-year follow-
up of a community-based thyroid health study [11].
Another recommendation was a statistically derived sug-
gestion of 2.5 mU/L [12]. A more practical answer to this
question may lie in analyzing TSH distribution patterns
stratified by age in thyroid disease-free populations. One
such study of the NHANES III population indicates that
across all ages an upper limit cutoff of normal individuals
falls at 4.12 mU/L [13]. When broken out by age groups
however, a different pattern appears. For example, for
those 20-29 years of age, the upper limit of normal (97.5%)
appears to be 3.56 mIU/L, and only 2.4% of this normal
population would be expected to have a TSH greater than
4.5 mlu/mL (the limit expected of the assay used in this
analysis) [14]. Meanwhile, for those 70-79 years, the 97.5%
was observed to be 5.9 mIU/L and fully 9.9% of this
disease-free group would be expected to have a TSH
greater than 4.5. Likely most telling is the observation that
in those over 80 years, the upper normal cutoff would be
749 mIU/L and 12.0% of this presumably thyroid dis-
ease-free subpopulation would have a TSH over 4.5 [14].
Reproducible evidence of increasing TSH normal cutoffs
with increasing age are found in several publications [15-
17] with the 97.5%ile of TSH values being expected to be
as high as 796 in those over 90 [18]. Other factors that may
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impact upon the upper limit of TSH may include gender
with women demonstrating higher levels than men and
variation by time of blood draw showing peak TSH values
overnight and nadir results in the afternoon [15]. TSH var-
ies by season in colder latitudes where not only is there an
enhanced conversion of T4 to T3 in the winter months [19],
but also higher TSH results are seen in the winter-spring
season in both euthyroid and SCHypo subjects [20] and
those treated with LT4 [21, 22]. Although the upper limit
of TSH varies from study to study, a fairly clear increase in
the expected upper normal TSH is observed in several
studies, but at this time, it is unusual for clinical laborato-
ries to stratify expected TSH results by age or by these
other factors, and most clinical results are reported using a
fixed upper normal of about 4-4.5 mIu/mL. Given this, it is
likely safe to say that, as one set of TFTs with an elevated
TSH consistent with SCHypo misclassifies more than 40%
of the elderly, we should require at the very least that TSH
elevations be persistent to establish the diagnosis of
SCHypo. Finally as reproducible TSH values greater than
10 increase risk of persistent SCHypo and progression to
OHypo, the initiation of LT4 therapy should be primarily
focused on those meeting these criteria [3, 10].

Returning to the case, remember the evaluation at age
71 reviewed the thyroid function tests done by the primary
care physician (PCP) 12 months prior to referral were a
TSH of 4.6 mIU/mL (0.4-4.12 mIU/mL) at 16:30, and a
repeat TSH of 5.6 mIU/mL was noted 1 month later when
drawn at 08:00. Her FT4 was 1.5 ng/ml (0.8-1.7) and a TT3
of 81 ng/dL (80-200) which the PCP noted to be “low nor-
mal.” Anti-thyroid antibodies were not done. The PCP
started LT4 therapy for subclinical hypothyroidism at 50
mcg/day and this resulted in a follow-up TSH of 2.1 within
8 weeks. Based upon the discussion above, this patient
does meet one of the recommended criteria for therapy
[3], but more recent published data may require a recon-
sideration of this indication for a trial of LT4 in subjects
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with TSH greater than the upper limit of local laboratory
normal and less than 10 mIU/mL [3].

Does thyroid hormone therapy have an impact on symp-
toms in SCHypo? Does age impact LT4 response? In a
study of 27 children with SCHypo, a questionnaire of 16
items typical of hypothyroidism was administered and
showed significantly more symptoms in those with SCHypo
in 3 of the 16 parameters versus controls [23]. Each of these
subjects had been classified as SCHypo based on a TSH
greater than 4.94 mIU/mL on two separate occasions, and
all had FT4 within the normal range. Treatment with LT4
was titrated to a normal TSH. After 6 months of euthyroid-
ism, the 16-item questionnaire was readministered, some
improvement was noted in most symptoms, but this was
statistically significant in only 2 of the 16 [23]. The results of
a large study of LT4 impact on SCHypo on older adults
with SCHypo were recently published [24]. The Thyroid
Hormone Replacement for Untreated older adults with
Subclinical hypothyroidism — a randomized placebo con-
trolled Trial (TRUST) study reported on 737 appropriately
qualified adults >65 years (mean age, 74.4 years) with per-
sistent (X 2) elevations in TSH > 4.6 ranging up to 19.99
mlIU/L. The mean TSH at baseline was 6.40 indicating that
few had TSH levels either greater than their age expected
upper normal or 10 mIU/L. The follow-up TSH levels
declined to 5.48 in the placebo-treated group by 1 year indi-
cating a normalization of TSH in a substantial number of
subjects without any treatment. TSH was significantly
lower (3.63 mIu/L) in the LT4-treated group by the end of
the first year of follow-up. At baseline and after LT4 ther-
apy, the primary outcome measure was the Thyroid-Related
Quality-of-Life Patient-Reported Outcome (ThyPRO)
with focus on the hypothyroid symptoms score (four items)
and the tiredness score (seven items). A planned secondary
quality-of-life outcome was measured by generic health-
related QOL assessments along with anthropometric
parameters. Subjects were randomized 1:1 to either LT4 or
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matching placebo at a dose of 50 mcg daily to start, and
blinded dose adjustments were made to normalize TSH
[24]. ThyPRO outcomes indicated that very few symptoms
were present at baseline with a score of 0 or NO symptoms
on the hypothyroid scale found in (27%) of participants
and (8.7%) scored 0 in the tiredness scale. After 1 year F/U,
comparing the LT4-treated versus placebo groups, there
was no significant difference in symptoms [24]. Among the
multiple secondary outcome measures, most demonstrated
no significant effect of LT4 therapy except for one: the
EQ-5D descriptive rating was worse at 12 months in those
treated with LT4 but paradoxically was rated as better than
placebo during prolonged follow-up. Within the confines of
this trial, the safety of LT4 therapy was reassuring, but the
clinical impact of treating older individuals’ symptoms with
slight elevations of TSH was not evident.

So where does this leave our patient? At the first endo-
crine visit, we are faced with a 72-year-old woman with
persistent tiredness and depression, sleeping poorly who
cannot lose weight. She has discovered online that “LT4
does not work for most patients with hypothyroidism” and
asked her PCP for additional laboratory testing and the
addition of LT3, a switch to a natural thyroid hormone
extract (THExtract), or to refer her to an “expert” who will
accomplish these tasks for the patient. On physical exam
you find that her pulse is 109 and seems irregularly irregu-
lar. Her BMI is 35.9 kg/m?2 and the current LT4 dose is 175
mcg/day. The PCP’s most recent laboratory assessment
shows a TSH < 0.01, FT4 1.9, TT3 175, and rT3 28 (10-
24 ng/dL). The patient suggests that she would like three
grains of thyroid extract. You ask yourself, how can these
symptoms persist with these circulating thyroid hormone
levels?

Is there a correlation between circulating T3 and rT3 and
are these symptoms consistent with hypothyroidism?
Phrased in a different way, is the lack of endogenous T3
production and subsequent inadequate T3 levels the basis of
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poor QOL? In a study of 143 patients (69.2% women, mean
age 50.2 yrs.) who had undergone total thyroidectomy and
131-1 ablation for differentiated thyroid cancer, at least
1 year prior to study inclusion, LT4 suppressive therapy as
clinically appropriate was administered to avoid frank thy-
rotoxicosis [25]. The investigators assessed QOL with the
RAND-36, thyroid-specific QOL with the ThyPRO instru-
ment,and fatigue with a Multidimensional Fatigue Inventory
(MFT). The results of these QOL measures were correlated
with circulating TFTs. Unique to this study population but
similar to our patient, median TSH was 0.042 mU/L (ref
0.4-4.3), median FT4 25.6 pmol/l (ref 11-25), and median
TT3 1.93 nmol/l (ref 1.4-2.5), while the median rT3 was
0.53 nmol/l (ref 0.22-0.54). Based upon these assessments,
athyreotic subjects with thyroid cancer on LT4 scored lower
than Dutch reference for QOL, but none of the TFTs were
associated with their QOL. Determinates of QOL showed a
negative association with the total number of drugs used
and a positive association time since diagnosis, but there
was no association with either RAND-36 or ThyPRO and
curation, BMI, or the presence of hypoparathyroidism [25].
Associations with general fatigue, physical fatigue, reduced
motivation, and reduced physical activity as measured by
the MFI were positive only for the number of drugs used.
The authors concluded that higher than normal but not thy-
rotoxic circulating FT4 and TT3 (remained within the nor-
mal range) were not associated with QOL and those with
the lowest TT3 levels did not differ when compared to the
higher levels. There was no relationship between TFTs and
complaints of fatigue or impaired QOL [25]. A study
gleaned from the Swedish Cancer Registry study involved
279 (79% response rate) subjects with DTC (diagnosed
1995-1998), who completed a SF-36 14-17 years after their
initial diagnosis. Although only 19 (7%) reported a recur-
rence of their DTC, 239/279 (85%) reported at least 1 thy-
roid-related symptom such as fatigue (77%), sleep disorder
(59%), irritability(57%), and lower stress resistance (56%),
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being the most frequently reported. The presence of any
thyroid-related symptoms or surgery/131-I symptoms
resulted in lower health-related QOL [26]. Further insights
into the relationship of fatigue and physical activity in hypo-
thyroid subjects treated with thyroid hormone are evident
in a similar survey of 205 (63.1% response rate) DTC survi-
vors, % of whom were women, with a mean age of 52.5 years,
6.8 years out from their initial diagnosis. These individuals
were surveyed and their outpatient records were reviewed
[27]. The subjects completed a Brief Fatigue Inventory
(BFI) as well as an International Physical Activity
Questionnaire (IPAQ-7). Based on these responses, moder-
ate-to-severe fatigue was reported by 41.4%. Women did
not report worse fatigue than in men, but individuals who
were unemployed or unable to work had higher levels of
fatigue (p < 0.001). Increased physical activity was associ-
ated with lower levels of fatigue (p = 0.002) [27], and as seen
in the Massolt study, biochemical variables and ATA risk
staging were not associated with complaints of fatigue [27].
Indeed it has been noted that simply the awareness of hav-
ing a chronic disease results in diminished QOL in patients
with hypothyroidism treated with LT4 [28].

Complaints of fatigue and lower QOL in those with
various forms of hypothyroidism on LT4 have been docu-
mented for some time. In 2002 Saravanan reported on 597
LT4-treated hypothyroid patients (T4-P), 397 of whom
were said to have a “normal” TSH (0.1-6.0 mU/L) in the
previous 12 months, and compared their QOL to 551 non-
hypothyroid controls [6]. Both groups were subjected to
the General Health Questionnaire-12 (GHQ-12) and the
Thyroid Symptom Questionnaire-12 (TSQ-12). A GHQ-12
score greater than 3 (maximum score 36) was considered
caseness, and 25.6% of the normal euthyroid controls
(mean score 11.39) were designated as cases. This control
frequency was compared to the 34.4% of those with a nor-
mal TSH on LT4 (mean score 12.11) designated as cases; of
course this resulted in a statistically significant difference
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(p < 0.05). TSQ scores were also slightly but significantly
higher in the LT4-treated subjects [6]. Side-by-side com-
parisons in bar graph data show substantial overlap in the
mean scores and designated caseness rates of both the
GHQ-12 and TSQ-12 results making an objective clinical
identification of those suffering from truly inadequate LT4
treatment problematic as there was obviously no way to
blind results to the LT4 treatment and the inherent bias of
known chronic disease. A subsequent publication from the
same group on an expanded cohort of 697 LT4-treated
hypothyroid patients with TSH values in a more narrow
“normal” range (0.3-4.0 mIu/mL) showed a correlation
with the GHQ-12 score with FT4 and the log TSH but not
FT3, rT3, rT3/FT4, rT3/FT3, nor TPO antibody positivity.
TSQ-12 was found to correlate with FT4, log TSH, FT3/
FT4, rT3/FT4, but not FT3, rT3, FT3/rT3, nor TPO. An
additional assessment of depression with the Hospital
Anxiety and Depression Scale (HADS) found no correla-
tion with any thyroid function parameter [29]. Treatment
with LT4 for hypothyroidism does demonstrate a signifi-
cant positive impact on QOL as documented in 10 of the
11 parameters evaluated by Nygaard et al. [30]. These
investigators also found no correlation between individual
TFTs and QOL measures [30] further bringing into ques-
tion our patient’s request for additional thyroid function
testing.

Does baseline T3 predict LT4/LT3 (combination therapy
as requested by the patient) success rates? In a study of 37
subjects on LT4 with persistent hypothyroid symptoms, all
with normal TFTs and no comorbidities who were treated
openly with LT4/LT3 (in a 17/1 ratio as per ETA [31] rec-
ommendations), each subject had TSH, FT4,TT3, and FT3I
measured at baseline, 3 months, 6 months, and 12 months
[32]. After adding in the LT3, the subjects were to self-
classify as a responder or nonresponder. By 3 months, 70%
reported feeling better and 30% reported no improvement
in their symptoms, by 12 months 65% reported being bet-
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ter, and by now 35% did not feel improved compared to
LT4 alone. Obviously this result does not objectively tell us
much other than how patients will feel when trying some-
thing new that they believe in, but the fact that the thyroid
function results were unknown at the time LT4/LT3 was
initiated is of interest in determining the utility of checking
TFTs to predict this subjective response. Neither age, BMI,
baseline TSH, TT3, nor FT3 index predicted the patient-
reported response to the addition of the LT3 [32]. So it
would appear that our patient’s request for more thyroid
function testing would be unlikely to provide any useful
information which would help her clinician to manage her
symptoms.

A summary of the above information should in a narrow
sense have us thinking that patient selection and expecta-
tions for the utility of thyroid hormone intervention go a
long way in providing symptomatic relief of hypothyroid
symptoms to those with actual hypothyroidism. A series of
assumptions have been made in this case which have “thy-
roidised” this patient’s symptoms and associated these
symptoms with thyroid function test results that likely do
not provide conclusive evidence of a thyroid etiology of her
clinical presentation. A decision to initiate LT4 therapy has
been made which advances us along the road to thyroid
predation, creating a vision seen through a thyroid tunnel
and cementing this diagnosis in the patient’s mind. These
circumstances are far more acceptable to the patient and
apparently more easily treatable than other, more likely
explanations of her complaints. She is losing her faith in the
primary diagnoser and prescriber of her LT4 and has driven
this otherwise objective practitioner to advance the dose of
the thyroid hormone replacement to toxic levels associated
with not only cardiac [8, 33-36] but also skeletal [33, 37, 38]
risk for the patient. Her frustration in seeking relief from
her symptoms has driven her to the Internet where she has
“discovered” that she is not being managed as the experts
on several non-endocrine-based websites suggest, and she
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pressures her PCP to request more extensive testing, which
we have learned is unlikely to provide any helpful informa-
tion for management of her “thyroid condition.” It would
appear that her PCP has succumbed to her pressure for
further testing but has thankfully drawn the line and will
not add LT3 or thyroid hormone extract to an already iat-
rogenically thyrotoxic patient.

Back to the patient one more time, at the initial visit, the
endocrinologist assembles all of the relevant data and rec-
ognizes that the TSH elevations that triggered the assump-
tion that this patient’s symptoms were thyroid related are
essentially within the expected range for a woman of this
age. That in fact she might not be hypothyroid at all and
therefore would not be expected to respond to thyroid hor-
mone intervention [7] is perhaps not the primary message
to convey to this Internet-inspired patient at the first
encounter. The fact however must not be lost as it must be
recognized that we are most likely involved with a case of
non-thyroid-related “hypothyroidism,” and the optimal end
goal would be to effectively remedy this situation. At the
first visit, the fact that the patient was already thyrotoxic on
the LT4 is excuse enough to avoid adding LT3 or substitut-
ing extract at this visit, and a plan to decrease the current
LT4 dosage to “safe” levels to avoid potential cardiac and
skeletal issues was the first step. Plans for follow-up after
sufficient time to allow equilibrium on the lower dose, to
obtain further TFTs at that time, and to include anti-thy-
roid antibodies to assess the risk of potentially “real” thy-
roid disease underlying the initial findings are put in
motion. Three months later the TSH is still suppressed,
anti-thyroid antibodies are negative, and further dose
reductions are planned as the patient is sleeping better now
although several of her symptoms persist. The PCP is
alerted to the fact that the symptoms may be non-thyroidal.
A differential diagnosis of non-thyroidal considerations for
her symptoms is offered (Table 20.1). And the endocrinolo-
gist lives happily ever after.
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TaBLE 20.1 Alternative physical etiologies for the nonspecific symp-
toms considered consistent with hypothyroidism

Endocrine/

autoimmune Nutritional Lifestyle

Diabetes mellitus Vitamin B12 Stressful life events
deficient

Adrenal
insufficiency

Hypopituitarism

Celiac disease
Pernicious anemia

Hematologic

Anemia

Multiple myeloma

End-organ damage

Chronic kidney
disease

Chronic liver
disease

Congestive heart
failure

Folate deficiency

Vitamin D
deficiency

Iron deficiency
Metabolic
Obesity

Hypercalcemia
Electrolyte
abnormality
Drugs
Beta-blockers

Statins

Opiates

Poor sleep pattern

Work exhaustion

Alcohol excess
Others

Obstructive sleep
apnea

Viral syndromes

Post-viral syndromes

Chronic fatigue
syndrome

Carbon monoxide
poisoning

Depression/anxiety

Polymyalgia
rheumatic

Fibromyalgia

Modified from Okosieme et al. [39]
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Wilson’s Syndrome (Low
T3 Syndrome)

Catherine J. Tang and Jeffrey R. Garber

Case Description

A 48-year-old woman with asthma and hypertension presents
with fatigue and insomnia. She reports that her energy level
has gradually declined since the birth of her first child
10 years ago but has gotten progressively worse in the last
year. She is having more trouble focusing than before, and
although she is still working full time, she struggles to get
through her day. In addition, she has difficulty falling and
staying asleep. She goes to bed around 11 PM to midnight
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and wakes up at 6 AM. She snores but denies choking or
gasping for air at night. She does not feel refreshed in the
morning and occasionally feels sleepy during the day. She was
evaluated by her primary care physician who found no abnor-
malities on her physical examination or laboratory tests,
including a normal complete blood count, electrolytes, and
serum thyroid-stimulating hormone (TSH).

A co-worker has recommended the patient to look into
“Wilson’s syndrome.” Upon reading about it on the Internet,
she believes that many of her symptoms overlap with what is
described for Wilson’s syndrome. She is here now to be evalu-
ated for Wilson’s syndrome and for its treatment.

Review of systems is positive for weight gain of 10 pounds
in the last 5 years, increased hair loss, dry skin, intermittent
nausea, and occasional dizziness. All other review of systems
is otherwise reviewed and negative. A thorough physical
examination is unremarkable.

“Wilson’s Syndrome” (Also Known as “Low
T3 Syndrome”)

E. Denis Wilson MD first coined “Wilson’s syndrome” or
“Wilson’s temperature syndrome” after himself in 1990 to
describe a constellation of common and nonspecific symp-
toms including, but not limited to, fatigue, chilliness, constipa-
tion, weight gain, dry skin, swelling, joint pains, hair loss,
brittle nails, insomnia, depression, and anxiety. The diagnosis
is made by any combination of these symptoms, normal thy-
roid hormone levels in the bloodstream, and oral tempera-
tures consistently averaging below 98.2 °F.

Dr. Wilson postulated that these common symptoms, which
also often overlap with those of hypothyroidism, are due to
low levels of circulating triiodothyronine (T3). Thus, the
hallmark of “Wilson’s syndrome” is T3 levels that are below
the reference range. Hence, this has also been called the “low
T3 syndrome.” He suggested that under severe stress, the body
converts less thyroxine (T4) to T3, hypothetically resulting in
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lower T3 levels despite normal serum TSH levels. In turn, the
low T3 levels slow down metabolism and lower the body
temperature, which manifests as various symptoms as
previously mentioned. As such, Dr. Wilson started treating his
patients with thyroid hormones (both T3 and T4) despite their
normal serum thyroid function tests (TFTs),and the symptoms
reportedly all resolved upon treatment. On Dr. Wilson’s
website, he describes several successful anecdotes, including
his wife, who had benefited from this treatment strategy [1].
Moreover, Dr. Wilson advocates treatment with herbal
supplements and co-founded an herbal supplement company
with a naturopathic practitioner to provide these herbs [1]. It
is worthwhile to note that Dr. Wilson is no longer a practicing
physician, as his Florida license had been suspended since the
1990s and he was ordered by the Florida Board of Medicine
to undergo psychological testing [2].

Molecular Action of Thyroid Hormone

Intracellular Regulation of Thyroid Hormone

The thyroid gland is a vital endocrine organ in the human
body. It produces thyroxine (T4), a prohormone, and its
active form triiodothyronine (T3). Thyroid hormone (TH)
acts on nearly every tissue in the body and regulates essential
metabolic pathways, including energy balance, thermogene-
sis, normal growth, and development [3-5]. Under normal
physiologic conditions, the vast majority of TH produced by
the thyroid gland is T4, which is then converted to the more
potent T3 in peripheral tissues in a highly regulated process,
mediated by tissue-specific deiodinase enzymes and trans-
membrane transporters [3]. Type I deiodinase (D1) is primar-
ily expressed in the liver and kidney, whereas type II
deiodinase (D2) is mainly found in the pituitary, hypothala-
mus, white adipose tissue, brown adipose tissue, and skeletal
muscle. D1 and D2 are both expressed in the thyroid.
Whereas D1 and D2 convert T4 to T3, type III deiodinase
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(D3) converts T4 and T3 to reverse T3 (RT3) and diiodothy-
ronine (T2), respectively; RT3 and D2 are inactive forms of
T3. D3 is highly expressed in the placenta, vascular tissue, and
skin [4]. D3 is activated by hypoxia, and its expression in the
placenta may protect the fetus from maternal hyperthyroid-
ism [4, 6].

Animal knockout models have demonstrated that D1 is
not essential for TH action [7]. In humans, D2 is the primary
generator of serum and intracellular T3; the activity of D2 is
increased by low levels of T4 and adrenergic activation [4].
Polymorphisms in the D2 gene have been linked with type 2
diabetes and obesity [8]. Additionally, one study has shown
that hypothyroid patients with a specific D2 gene polymor-
phism (Thr92Ala) experienced improvement in symptoms
when they were treated with combined T4/T3 therapy as
compared to T4 monotherapy to achieve normal TSH levels
[9].

In addition to deiodinase enzymes, intracellular levels of
T3 are also regulated by cell surface transporters including
monocarboxylate and organic ion transporter families [3, 4].
Notably, mutations in the monocarboxylate transporter 8
(MCTS8) gene cause a severe neurological disorder called
Allan-Herndon-Dudley syndrome. The MCT8 gene is
encoded on the X-chromosome and is highly expressed in the
brain and hypothalamus. Affected males have severe neuro-
logical abnormalities, including developmental delay, low 1Q,
dystonia, and progression to quadriplegia [4, 10].

Mechanism of Thyroid Hormone Action

There are four thyroid hormone receptor (TR) isoforms,
TRal, TRo2, TRP1, and TRP2, which are alternatively spliced
products of TRA and TRB genes, respectively. Only three of
these are biologically active: TRal, TRp1, and TRpB2. In con-
trast, TRo2 lacks a T3-binding domain, rendering it unable to
bind T3; its role is, therefore, not well understood [4]. The
TRal and TRo2 genes are located on chromosome 17, and the
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TRP1 and TRP2 genes are located on chromosome 3. They
share a similar molecular structure, with an N-terminal acti-
vation domain, a DNA-binding domain, and a C-terminal
ligand-binding domain. Like the deiodinase enzymes, TRs are
also tissue-specific. TRal is primarily expressed in the heart,
bone, and small intestines. TRp1 is highly expressed in the
liver, kidney, and inner ear. TRp2 is preferentially expressed
in the brain, hypothalamus, pituitary, and retina [3-5, 11]. The
functional role of each TR isoform appears to be dictated by
its tissue-specific expression as shown by multiple mouse
models where individual receptor isoforms have been
knocked out [4, 11, 12].

The primary mechanism of TH action is via gene transcrip-
tion. The TR and the retinoid X receptor (RXR) form het-
erodimers that bind to thyroid hormone response elements
(TRE) in the promoter regions of target genes. In the absence
of T3, TR binds to corepressor proteins that silence target
gene expression. Upon ligand (T3) binding, corepressors dis-
sociate from TR, and coactivator proteins are recruited in
order to activate gene transcription [3-5, 12]. In more recent
years, there has been increasing recognition that TH also
exerts nongenomic actions, such as altering the phosphoryla-
tion of protein kinases and interacting with integrin receptors
that activate downstream pathways [4]. In addition, T3 exerts
several nongenomic actions on the cardiovascular system,
including reducing systemic vascular resistance and modulat-
ing the cardiac myocyte membrane ion channels [13].

The actions of the various TR isoforms depend on their
structure and their tissue of expression. This has been exten-
sively studied in animal models with various isoform muta-
tions and is underscored by the clinical syndrome of resistance
to thyroid hormone (RTH syndromes). Refetoff et al. reported
the first case of RTH, now known as RTH f, in 1967 [14]; the
case was eventually shown to be due to a mutation in the
ligand-binding domain of TRf such that the receptor had
reduced T3-binding affinity and the binding of T3 did not
promote the dissociation of transcriptional corepressors [4].
Biochemical studies in TRH patients often show a normal
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serum TSH level but with elevated serum T3 and T4 levels.
Patients may present with a goiter but are generally euthy-
roid, except for having tachycardia and sometimes delayed
bone age. These symptoms are due to the unopposed action
of TH on predominantly TRa-expressing tissues, including
the heart and bone [4]. More recently, Bochukova et al.
reported the first case of RTH « in 2012; the affected 6-year-
old girl presented with developmental delay, short stature,
delayed tooth eruption, and severe constipation and was
found to have a mutation in the TRa gene [15]. Biochemical
studies in the few reported cases have demonstrated normal
serum TSH levels, low or low-normal T4 levels, and high or
high-normal T3 concentrations. TSH remains normal because
regulation of the hypothalamic-pituitary axis is mediated by
TR, which remains functional. Therefore the TH feedback is
normal, and there is no compensatory increase in T3 and T4,
consistent with the phenotype of hypothyroidism [4, 15].

Use of T3 in Hypothyroidism

There are many causes of low serum T3 levels, but there has
not been conclusive evidence that T3 therapy is indicated in
most of them (Table 21.1). As mentioned in the earlier sec-
tion, there is evidence that hypothyroid patients with a spe-
cific D2 gene polymorphism (Thr92Ala) experienced
improved symptoms when they were treated with combined
T4 and T3 therapy as compared to T4 monotherapy to
achieve normal TSH levels, suggesting that this polymor-
phism may cause a defect in peripheral or brain T4 to T3
conversion [9]. Another study of 140 thyroidectomized
patients on levothyroxine (LT4) monotherapy found that
those with the Thr92Ala D2 polymorphism had significantly
reduced serum free T3 (FT3) levels as compared to those
without the polymorphism (whose FT3 levels were similar to
pre-surgery levels) [16]. Similarly, in vivo studies in muscle
cells and pituitary cells have demonstrated that mutant D2 is
less efficient in converting T4 to T3 [16]. Note that these
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studies were done in hypothyroid patients with the Thr92Ala
polymorphism. In contrast, euthyroid patients with D2 gene
polymorphisms have similar thyroid hormone levels as other
euthyroid patients without the polymorphism [17].

Furthermore, a clinical study of 1811 Italian athyreotic
patients on LT4 monotherapy reported that 72% had signifi-
cantly higher free T4 (FT4) levels and 15.2% had significantly
lower FT3 levels as compared to matched euthyroid controls
who were not thyroidectomized [18]. A limitation of this
study was that the athyreotic patients all had a history of
thyroid cancer and it is not clear how the physiology may dif-
fer from patients without this history. Peterson et al. con-
firmed these findings in a cross-sectional study of the US
National Health and Nutrition Examination Survey
(NHANES) data. Here they found that patients whose serum
TSH levels were normal on LT4 therapy had 15-20% lower
serum total and free T3/T4 ratios as compared to matched
controls, raising the question of whether many LT4 treated
patients with normal TSH levels are truly euthyroid [19].
They also found that in patients on LT4 therapy, lower T3
levels were associated with older age and lower calorie con-
sumption (<1000 calories per day), possibly because of
reduced muscle mass with older age (D2 is expressed in skel-
etal muscle) and reduced levels of insulin (which stimulates
T3 production) [19].

Despite the molecular evidence of the effects of D2 poly-
morphisms on intracellular T3 levels, there is insufficient data
on the clinical application of this information [20]. First, there
is no commercially available assay to detect D2 polymor-
phisms. In addition, there is no clear evidence that D2 gene
polymorphisms are associated with negative clinical outcomes
[21] or with alterations of circulating thyroid hormone levels
[9]. Nonetheless, larger and well-powered studies are still
needed to investigate the role of D2-Thr92Ala in regulating
thyroid parameters and clinical consequences. Moreover, in
their review of 13 randomized-controlled trials and 4 systemic
reviews or meta-analyses, the American Thyroid Association
(ATA) concluded that there is no consistent evidence that
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combination T4 and T3 therapy is superior to T4 alone in
patients with primary hypothyroidism either as the initial
therapy or in those who continue to feel unwell on T4 mono-
therapy [20]. Importantly, there is no long-term data on the
efficacy or safety of liothyronine (LT3) as monotherapy and
its use are hampered by the peaks and troughs after its admin-
istration owing to its short half-life [20].

A key component of “Wilson’s syndrome” is a low body
temperature. However, studies have shown that our body
temperatures actually fluctuate throughout the day, dispelling
the notion that 98.6 °F is the only “normal” body temperature
[22]. Moreover, while lower T3 levels have been associated
with acute or chronic illnesses, including psychiatric disorders,
no research has definitively shown that T3 therapy can
improve or restore wellness. It is worthwhile to mention that
TH has been used as an adjunct treatment for psychiatric
disorders, including depression and bipolar disorder, since
there is some evidence that it may hasten the rate of treat-
ment response and improve the quality of the response in
patients with clinical or subclinical hypothyroidism [23]. The
evidence for patients with hypothyroid symptoms but normal
TFTs is less clear [23].

Furthermore, the reported success of T3 treatment for
“Wilson’s syndrome” is entirely anecdotal and has never been
submitted to rigorous research or published in peer-reviewed
journals. In addition, Dr. Wilson advocates using herbal sup-
plements, which are not FDA-regulated, and their ingredients
cannot be verified. In fact, because the intracellular conver-
sion of T4 to T3 is tightly regulated, giving excessive T3 may
actually cause harm, including symptoms of thyrotoxicosis
such as palpitations, worsening anxiety, night sweats, transa-
minitis, and heart failure, due to significant peaks after its
administration.

In summary, “Wilson’s syndrome” is not an evidence-based
diagnosis and is not accepted by the medical community. In
its public health statement, the ATA strongly refuted the
notion of “Wilson’s syndrome” due to its lack of scientific
evidence and its contradiction of our current knowledge of
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TH synthesis, metabolism, and action [24]. The Mayo Clinic
similarly refutes the existence of this diagnosis [25]. LT4
monotherapy remains the first-line treatment for primary
hypothyroidism. There is no conclusive evidence that combi-
nation therapy with LT4 and LT3 is superior to LT4 alone,
and there is no long-term data on the safety of LT3
monotherapy.

Evaluation and Management of this Case

Nonspecific complaints are common in the endocrinology
practice, and sometimes patients may present with multiple
nonspecific complaints that appear to be unrelated. The
patients have often struggled with these symptoms for quite
some time (generally months and years) before seeking
medical attention and come to the endocrinology office after
a normal evaluation by their primary care providers and
occasionally other specialists. While it can be confusing at
times to find a common thread among the many complaints,
it is crucial not to dismiss them as these patients frequently
are already frustrated with not getting the answers they were
hoping for from the previous providers. The key is to listen
carefully, show empathy, and complete an evaluation that is
appropriate to the level and severity of their complaints. This
case demonstrates the key components of this type of
evaluation.

However, these symptoms are real and can cause significant
suffering and functional disability in affected people. While
many of these symptoms overlap with those of hypothyroid-
ism, they are also commonly found in the general population.
One study reported that 60% of participants with normal
serum TSH levels had at least one hypothyroid symptom and
15% had four or more hypothyroid symptoms. In contrast,
70% of participants with elevated TSH levels had at least one
hypothyroid symptom, and 25% had four or more hypothyroid
symptoms [26]. Indeed, none of the individual hypothyroid
symptoms were sensitive in patients with elevated TSH levels,



Chapter 21. Wilson’s Syndrome (Low T3 Syndrome) 285

with the highest sensitivity of 28 % for drier skin and the lowest
sensitivity of 3% for deeper voice [26].

In this case, checking a serum TSH level is indicated.
Unless there is a suspicion for a pituitary etiology of the
patient’s symptoms, generally a TSH alone is sufficient, with-
out the need for additional thyroid function tests such as T4
and T3 levels. Generally, checking a T3 level is not helpful in
making a diagnosis of hypothyroidism as T3 levels can be
decreased during or following an acute illness or with comor-
bid conditions including aging. In addition, the T3 immunoas-
says are less accurate in the lower end of the assay range [27].
Furthermore, no studies have shown that patients with nor-
mal TSH values and relatively low T3 levels have negative
consequences [28]. If her TSH is elevated, then therapy
should be considered. According to the current ATA guide-
lines [20], LT4 is the preferred therapy for hypothyroidism
because it mimics the body’s physiologic way of providing
thyroid hormone to the cells (provision of T4 as a prohor-
mone allowing tissues specific conversion of T4 to T3, as dis-
cussed in detail in a prior section). Although the use of LT3 is
not recommended for routine use in treating primary hypo-
thyroidism, as was previously discussed, it may be considered
in selected patients as an adjunct to LT4 [9, 29]. However, it
is important to note that several systemic reviews and meta-
analyses concluded that LT4/LT3 combination therapy is not
superior to LT4 monotherapy [30-33]. Clinical judgment
must be exercised with prudence; physicians should discuss
its” controversial use with the patients, including its’ risks, and
if both agree to proceed with combination LT4/LT3, caution
must be taken to avoid excessive T3 treatment.

In addition, one may also check an 8 AM serum cortisol to
screen for adrenal insufficiency if the suspicion is moderate to
high. This patient has significant fatigue with some GI
symptoms (nausea), so it may be reasonable to assess for
other etiologies such as irritable bowel syndrome, gastro-
esophageal reflux disease, and celiac disease. In the presence
of vomiting, dizziness, weight loss, and muscle weakness,
adrenal insufficiency should also be assessed.
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If these initial tests are normal, we should consider non-
endocrine causes for her symptoms. For instance, she exhibits
some symptoms associated with sleep apnea, including not
feeling refreshed in the morning and daytime sleepiness.
Sleep apnea is a common but underdiagnosed disorder that
can cause fatigue, and thus a sleep study is indicated in this
case [34]. If she proves to have comorbid conditions such as
the gastrointestinal or other disorders noted above, their
management should be optimized first. Furthermore, the tim-
ing of her fatigue coincides with the birth of her first child,
and it may be worth exploring the psychosocial aspects of her
life, including her mental health, social support, work, and
personal life. This is best done with her primary care physi-
cian and mental health providers, particularly if she seems
overwhelmed, anxious, or depressed. Finally, although this
case did not provide enough information on her reproductive
history, she may be approaching menopause and having its
associated symptoms, so it is worth obtaining additional
history.

If the evaluation is unremarkable, provide reassurance to
the patient, and always show empathy. Often the symptoms
are multifactorial and do not require medical intervention. It
is reasonable to discuss alternative approaches that other
patients have found helpful, including cognitive behavioral
therapy, exercise, acupuncture, and tai chi [35-37]. The sup-
port that we demonstrate to these patients can go a long way.
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Abbreviations

DI Deiodinase

ICU Intensive care unit

NTI Nonthyroidal illness

rT3  Reverse T3

TSH Thyroid-stimulating hormone

Case 48-year-old female present for evaluation of abnormal
thyroid function tests and.

symptoms of hypothyroidism. She has a history of fibro-
myalgia, chronic fatigue, anxiety,
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insomnia, and inability to lose weight. No family history of
thyroid dysfunction. She is taking over-the-counter biotin,
turmeric, and coenzyme Q10.

She did research online and came to the conclusion that all
her symptoms are consistent with hypothyroidism. First, she
sought help with her primary care physician and was told that
her labs were normal. Based on her online resources and as well
as a book she purchased, she was convinced that she was one of
many patients who have hypothyroidism even with normal labs.
She also learned from her research that her doctors may not
know about this disorder; therefore she further sought answers.

She visited a practitioner who ran thyroid function tests
which showed a TSH, free T4 in normal range, low normal
total T3, and reverse T3 which was mildly elevated.

He diagnosed her with “reverse T3 syndrome” and started
20mcg of T3 as well as an adrenal support supplement which
was sold in the practitioner’s office. Since this approach was
not covered by insurance, she was not able to continue the
treatment plan due to cost and therefore presented to our
office. She does note that she did not feel better with the T3
treatment; in fact she was experiencing heart palpitations
intermittently.

Physical exam showed a female with BMI of 28. Vital signs
normal. Physical exam was unremarkable; specifically, her
thyroid gland was not enlarged and no nodules were
palpable.

Approach to the Patient

In the recent years, the reverse T3 syndrome has received
quite a bit of attention, with patients convinced that main-
stream medicine is ignoring their symptoms and that there is
a secret cure to their ailments, citing that physicians treating
patients according to traditional medicine either do not
understand or do not want to treat their thyroid disorder.

Before seeing the patient, it is important to remember that
each patient visiting our office has symptoms that prompted
them to visit us. The suffering is real for the patient, and the
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approach should be an empathetic, patient-centric explora-
tion into potential causes.

The first step is to listen to the patient’s story, the symp-
toms they are experiencing, and the struggle they went
through to get to the point where they are now. The next step
is to acknowledge that the patient’s symptoms are real and
that you are there for them to evaluate possible reasons for
the symptoms including a thorough evaluation for thyroid
dysfunction.

It is important to be aware of the information and theories
being proposed by other providers in order to be able to
clearly address the patient’s questions. Additionally, it is
important to discuss the research or, more often, the lack of
research to support certain tests and therapies that the
patient is requesting in addition to pointing out the potential
harm of some of the treatments.

Explaining Reverse T3 to Patients

There is indeed quite a bit of hype on reverse T3. An April
2018 PubMed literature search for any article (with human
subjects) with reverse T3 in the title revealed nothing since
2010. Does this represent a knowledge gap or a case closed?

Thyroid Hormone Physiology

Thyroxine (T4) is a prohormone produced solely in the thy-
roid gland that is converted to the active hormone, triiodo-
thyronine (T3), which binds to cellular thyroid hormone
receptors in order to exert a metabolic action. Deiodinase
enzymes predominately in the liver, kidney, muscle and pitu-
itary are responsible for this conversion as well as the conver-
sion of T4 to an inactive hormone, r'T3 (see Fig. 22.1).
Reverse T3 syndrome proponents suggest that elevated
rT3 causes hypothyroidism in two ways: 1) rT3 potently
blocks the action of T3 by competing with binding to the
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thyroid hormone receptor and 2) rT3 blocks the conversion
of T4 to T3. There is evidence to show that the affinity of T3
for the cellular thyroid binding receptor is more than 100
times greater than that of rT3 [1], undermining the proposal
that rT3 potently antagonizes T3 action. To understand the
physiologic reason that r'T3 inhibits the conversion of T4 to
T3, we need to review the clinical scenario in which the mea-
surement of T3 may be useful.

Nonthyroidal Illness

In acutely ill, hospitalized patients, thyroid function should
not be assessed unless there is a high suspicion for underlying
thyroid disease. Acutely ill patients may have low T4 and T3
as well as low TSH, but not because of thyroid disease; this is
referred to as nonthyroidal illness. The finding of an elevated
T3 can help confirm that the abnormal thyroid labs are due
to another illness.

80% of T3 is produced by 5’-monodeiodinase (D1 and
D?2); this reaction decreases in response to illness [2], while
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the D3 activity increases causing conversion of T4 to rT3.
With decrease in activity of D1 and D2, the clearance of T3
also decreases, causing a further elevation in rT3 levels (see
Fig. 22.1).

When the body is under stress, this protective conversion
of T4 to T3 helps to prevent catabolism [3]. The observation
that r'T3 itself further inhibits T4 to T3 conversion is part of
this self-protective mechanism during acute illness.

Studies with thyroid hormone replacement have been
done in patients with NTI during fasting [4, 5], critical illness
[6, 7] and coronary artery bypass patients [5, 8-12]. These
have not shown evidence of clinical benefit.

Reverse T3 Syndrome

Some alternative medicine websites discussing reverse T3
syndrome propose that in the past NTI was only pertinent to
sick patients in the ICU/hospital but now is seen in ambula-
tory patients and should be addressed by treating patients
with T3 to “flush out” the rT3. Often these websites cite a
quantifiable goal: free T3 to r'T3 ratio of >0.2 to be utilized in
the titration of T3 treatment. The body alters thyroid hor-
mone levels during stress for a reason — the best way to “fix”
the situation is to address the underlying cause. It is misin-
formed to make physiology into a syndrome.

It is an important educational point for the patient that
we currently do not have data supporting T3 supplementa-
tion for improved well-being and health outcomes in
patients with elevated rT3. On the contrary, we do have
evidence and data that unnecessary treatment with T3 sup-
plementation increases risk of arrhythmia, stroke and bone
loss.

Most proponents of the rT3 syndrome advocate (and sell)
supplements such as selenium, zinc and thyroid support for-
mulations. There is no data to support that low selenium has
a primary role in rT3 elevation in these patients. Some
hypothesized that selenium deficiency may be responsible for
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reverse T3 syndrome, but there is insufficient evidence to sup-
port this [13].

It is reassuring to note that many of the recommendations
from practitioners adhering to the reverse T3 syndrome
revolve around addressing the underlying cause(s) — com-
monly citing insulin resistance, inflammation, food/chemical
sensitivities, gut imbalances, and abnormal cortisol levels.
These may be pertinent but as addressed in other chapters of
this book have their own inherent uncertainties and potential
for the selling of supplements and products the patient may
not need or that may cause harm. We can all agree, however,
that it is essential to help the patient address good sleep hab-
its, stress management, exercise, and a healthy diet.

Identifying the Cause of Elevated rT3

After reviewing the physiology of r'T3 production, our patient
became more open into exploring other causes of her symp-
toms and recognized that “hypothyroid” symptoms are very
nonspecific and often are due to other conditions. For such
patients who come in with prior testing showing high rT3, this
is a good opportunity to highlight the importance of getting
to the source cause of abnormality (see Table 22.1).

It is our duty to try to help the patient. While part of this
includes understanding why the elevated r'T3 does not mean
they have a thyroid condition, our obligation is to assist in the
evaluation of their symptoms and attempt to guide them
down the correct path. In addition to confirming if the patient
is up to date with yearly physical and preventive screenings,
testing should include complete blood counts, comprehensive
metabolic panel, screening for depression/anxiety, and evalu-
ation for sleep apnea.

Identify the potential stresses in the patient’s life and
determine coping mechanisms. This may include increased
exercise and/or referral to counseling to explore relationship
and job dynamics, for example. In all cases, emphasizing the
importance of introducing regular daily physical activity, as
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Table 22.1 Causes of Severe illness

increase in RT3
Fasting/starvation

Obstructive sleep apnea

Trauma

Malignancies

Stress

Psychiatric illness

Heart failure/myocardial infraction
Liver cirrhosis

Diabetic ketoacidosis

Inflammatory diseases (via
cytokines)

HIV infection

Heat/burns

Hypoxia, ischemia (5 up-to-date ref)

well as good sleep and dietary habits (including the avoid-
ance of excess alcohol), is critical.

Diet is a prolonged discussion that would require a chapter
(or book) in itself. Most of us will attempt the discussion but
may require help from a nutritionist/dietitian. Since as noted
above fasting and starvation will increase reverse T3, a well-
balanced diet with an appropriate amount of calories is
recommended.

If there are chronic underlying comorbidities, discuss that
reverse T3 may be continuously elevated unless the underly-
ing disorder is resolved, reinforcing that there is no indication
for treatment with T3.

We all face time restrictions in our offices, but if the above
issues are not addressed, the patient will continue to struggle
and continue to seek answers. This may require several visits
and referrals to other health-care providers.
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Conclusion

Reverse T3 syndrome can seem like a convenient way to
explain many nonspecific symptoms that are increasingly
common in our patients. However, the “syndrome” exploits
normal physiology in place to protect the body during times
of illness and stress. There is no compelling evidence to sup-
port the argument that an elevated rT3 means the patient is
hypothyroid in the absence of other thyroid function abnor-
malities. Treatment with T3 is not likely to help the symptoms
and may cause harm. The focus should be on educating the
patient and together charting a course to determine the
underlying cause of the symptoms.
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Persistent Hypothyroid
Symptoms Despite
Adequate Thyroid
Hormone Replacement

Michael T. McDermott

Case 1

A 42-year-old man is referred for persistent symptoms
despite levothyroxine therapy. Hypothyroidism was diag-
nosed 6 months ago. He still experiences fatigue, mild
depression, and difficulty losing weight. He says that his
TSH does not reflect his true thyroid status and requests
further thyroid testing and medication adjustment.

PMH: Hypothyroidism Meds: Levothyroxine 150 mcg/day
PE:BP 122/84 P76 Ht6'l” Wt2031b.

General Exam: Normal Thyroid: Enlarged, granular
Lab: TSH 1.6 mU/I (nl, 0.45-4.5)

Free T4 1.4 ng/dl (nl, 0.8-1.8)
You say: “It’s not your thyroid.”
He says: “But what else could it be?”

M.T. McDermott (<)
University of Colorado Hospital, Aurora, CO, USA
e-mail: michael.mcdermott@cuanschutz.edu

© Springer Nature Switzerland AG 2019 301
M.T. McDermott (ed.), Management of Patients

with Pseudo-Endocrine Disorders,
https://doi.org/10.1007/978-3-030-22720-3_23


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22720-3_23&domain=pdf
mailto:michael.mcdermott@cuanschutz.edu

302 M. T. McDermott

Case 2

A 35-year-old woman was diagnosed with hypothyroidism
6 months ago. She is still experiencing fatigue, mild depres-
sion, and difficulty losing weight. She has done an extensive
Internet search. She requests T3 therapy.

PMH: Hypothyroidism Meds: Levothyroxine 125 mcg/day
PE:BP 122/84 P80 Ht56”" Wt1721b.

General Exam: Normal Thyroid: Mildly enlarged, firm
Lab: TSH 1.2 mU/I (nl, 0.45-4.5)

Free T4 1.3 ng/dl (nl, 0.8-1.8)

Discussion

Hypothyroidism is a state of deficient thyroid hormone
action throughout the body [1, 2]. Hypothyroidism is most
often caused by primary thyroid gland failure but can also be
caused by hypothalamic or pituitary disease; conditions that
promote excessive peripheral thyroid hormone consumption/
metabolism; and disorders of cellular transmembrane thyroid
hormone transport, intracellular thyroid hormone metabo-
lism, and thyroid hormone receptor binding (Table 23.1).
Certainly additional causes of tissue thyroid hormone defi-
ciency will be identified in the future.

Since most tissues in the body are dependent on thyroid
hormone for normal function, symptoms due to thyroid hor-
mone deficiency usually increase in number and severity with
increasing magnitude of the total body thyroid hormone defi-
cit; for uncertain reasons, however, symptoms may be mini-
mal or absent in some patients with biochemically overt
disease and can be numerous in patients with only mild dis-
ease. The most common clinical features of thyroid hormone
deficiency are fatigue, dry skin, cold intolerance, puffy eyelids,
and weight gain [2-5]. However, these and other features of
hypothyroidism are mostly nonspecific; similar symptoms
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TaBLE 23.1 Classification and etiology of hypothyroidism
Primary hypothyroidism

Chronic lymphocytic thyroiditis (Hashimoto’s thyroiditis)
latrogenic hypothyroidism
Thyroidectomy
Radiation damage
Radioiodine (I-131) ablation
Radiation therapy for non-thyroid cancer
Medications
Lithium
Amiodarone
Alpha interferon
Tyrosine kinase inhibitors
Antituberculosis drugs (second line)
Checkpoint inhibitors (ipilimumab, nivolumab)
Thalidomide and pomalidomide (used to treat multiple
myeloma)
Transient thyroiditis
Postpartum thyroiditis
Silent (painless) thyroiditis
Subacute (De Quervain’s) thyroiditis
Palpation thyroiditis (e.g., after parathyroidectomy)
lodine disorders
Iodine excess (severe)
Todine deficiency (severe)
Infiltrative disease
Sarcoidosis
Malignancy (lymphoma, metastatic non-thyroid cancer)
Congenital hypothyroidism
Genetic disorders of thyroid development
Genetic disorders of thyroid hormone synthesis

Central hypothyroidism

Hypothalamic-pituitary disorders
Tumors
Surgical removal
Radiation therapy
Trauma (traumatic brain injury)
Hemorrhage/infarction (apoplexy, Sheehan’s syndrome)
Infiltrative disorders (sarcoidosis, TB, hemochromatosis,
histiocytosis X)
Medications (dopamine, opioids, glucocorticoids, somatostatin
analogs, metyrapone, bexarotene)

(continued)
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TABLE 23.1 (continued)

Peripheral hypothyroidism

Consumptive hypothyroidism [deiodinase 3 (D3) expressing
tumors]

Thyroid hormone resistance syndromes (TRp, TRa, MCTS,
SECISBP2 mutations)

Adapted from Ref. [1]

TRp thyroid hormone receptor beta, TRa thyroid hormone receptor
alpha, MCT8 monocarboxylate transporter 8, SECISBP2 selenocys-
teine insertion sequence-binding protein 2 (SECISBP2)

may also occur with numerous other conditions unrelated to
the thyroid system [4, 5].

Oral levothyroxine (LT4) is the recommended medication
of choice for hypothyroid patients because of its proven effi-
cacy, long-term experience with its benefits, favorable side
effect profile, good gastrointestinal absorption, ease of admin-
istration, long serum half-life, and low cost [1, 2, 6-8].
Thyroxine (T4) itself is not well absorbed from the gastroin-
testinal tract, but absorption is enhanced significantly by
replacing one hydrogen ion with a sodium to produce syn-
thetic L'T4. The molecular structures of T4 and LT4 are identi-
cal aside from this sodium substitution (Fig. 23.1); T4 and LT4
are therefore considered bioidentical [9]. LT4 is rapidly
absorbed in the duodenum and has a serum half-life of
5-7 days; a steady state is reached approximately 5-6 weeks
after initiation of LT4 or a change in the LT4 dose. Oral liquid
LT4 preparations have been reported to have better and less
variable absorption compared to LT4 tablets in hypothyroid
patients, including those with issues that interfere with
absorption such as gastrointestinal diseases and the concomi-
tant use of proton pump inhibitor medications [10-12].

Synthetic liothyronine (LT3) preparations are similarly
identical to the triiodothyronine (T3) produced by the human
thyroid gland. Desiccated thyroid extract (DTE) prepara-
tions are made by drying and powdering animal thyroid
glands, most commonly porcine thyroid glands. DTE prod-
ucts consist of about 80% T4 and 20% T3 (approximately a
4:1 ratio of T4 to T3). The T4 to T3 ratio may vary somewhat
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FIGURE. 23.1 Molecular structures of thyroxine and levothyroxine
sodium (Ref. [2])

in DTE products, depending on the brand and manufacturing
process [9].

The majority of patients with overt hypothyroidism who
are treated with adequate doses of LT4 experience rapid reso-
lution of their hypothyroid symptoms [1,2,13-15]. One excep-
tion to this may be body weight. Since weight gain is often a
feature of hypothyroidism, it would be anticipated that LT4
therapy in hypothyroid patients would result in weight loss. It
is somewhat surprising, therefore, that published research has
not verified this [16], although randomized controlled trials
have not been performed. Nonetheless, observational studies
have reported minimal or no weight loss after the institution
of thyroid hormone therapy for hypothyroidism; weight loss
that did occur in two studies was attributed mainly to the reso-
lution of edema or loss of lean mass [16].

Despite the well-documented efficacy of LT4 and exten-
sive clinical experience with its use, some patients continue to
experience symptoms consistent with thyroid hormone defi-
ciency despite taking adequate L'T4 replacement therapy that
maintains serum TSH levels within the reference range [1, 2,
9, 13-15, 17-21]. The American Thyroid Association (ATA)
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conducted a mail survey of 12,000 hypothyroid patients who
were receiving thyroid hormone replacement therapy (95%
female); among the survey respondents, 60% were treated
with LT4 alone, 25% were receiving combination LT4 and
LT3, and 10% were taking DTE or a compounded thyroid
hormone preparation. The mean satisfaction score with ther-
apy among respondents was 5 (visual analog scale, 1-10).
Dissatisfaction was most commonly due to persistent fatigue/
low energy (75%), body weight issues (70% ), memory prob-
lems (55% ), mood problems (45%), and other issues (35%).
The respondents’ mean satisfaction score with their physician
was 5-0, and the score for their belief that their physician was
knowledgeable was also 5-6 (visual analog scale, 1-10).
Furthermore, 10-45% of the respondents had changed physi-
cians 1-4 times and 10% had changed physicians 5-10 times
because of persistent symptoms and thyroid management
issues [21].

Hypothyroid patients taking LT4 replacement in doses
sufficient to maintain serum TSH levels within the population
reference range have been reported to have persistently low
resting energy expenditure (REE) [22,23]. Additionally, LT4-
treated patients have higher free T4 levels, lower free T3
levels, and lower free T3/T4 ratios compared to euthyroid
individuals with similar serum TSH levels [24, 25]. LT4-
treated hypothyroid subjects in the NHANES cohort had
higher body weights than controls despite reporting higher
levels of exercise and similar caloric intakes; they also used
antidepressant medications more often [25]. In light of this
data, some investigators and clinicians now question whether
traditional LT4 therapy is truly physiological and is the most
appropriate therapy for all patients [14, 25].

Interestingly, one study presented data suggesting that
chronic lymphocytic thyroiditis (Hashimoto’s thyroiditis)
may possibly cause symptoms that are not related to and are
independent of serum thyroid hormone levels [26]. Patients
with Hashimoto’ thyroiditis are also known to develop other
autoimmune conditions more frequently [27, 28], adding fur-
ther complexity to symptom evaluation and management.
Hypoparathyroidism, either overt or subtle, may also coexist
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in patients with postsurgical or post-ablative hypothyroidism
and could be an additional source of symptoms if not ade-
quately managed [29]. Symptoms in these patients may also
not be thyroid-related or endocrine-related at all [2, §].
Potential causes of persistent symptoms suggestive of thyroid
hormone deficiency in adequately treated hypothyroid
patients are shown in Table 23.2 [8]. Table 23.3 lists other
autoimmune disorders that occur more commonly in patients
with Hashimoto’ s thyroiditis [27, 28].

Persistent symptoms continue to frustrate some hypothy-
roid patients who appear to be adequately treated with thy-
roid hormone replacement therapy managed carefully by
experienced clinicians. These unfortunate patients have posed
major challenges for the devoted clinicians who share their
frustrations and sincerely strive to relieve their symptoms and
restore their optimal quality of life. Improving their patients’
quality of life is the main reason most physicians have dedi-
cated their talents, energy, and careers to the patients who
honor them by entrusting their health care to them.

Satisfactory outcomes for persistently symptomatic
patients require a skillful and compassionate approach by
the physician. Attentively listening to the patient’s symptoms
and ongoing concerns, without interruption, will help set the
stage for progress. It is often useful then to explain briefly to
the patient, in understandable language, pertinent aspects of
thyroid physiology and how and why we order and interpret
the tests we use. We should emphasize that our current tests
are highly accurate and that we have extensive experience
with their interpretation. However, an acknowledgment that
everything is not known about thyroid function and that
there could be conditions, yet to be identified, for which we
currently do not have diagnostic tests, can be helpful. It is
also vitally important for the patient to understand that
symptoms that are frequently attributed to hypothyroidism
are nonspecific and could be due to other conditions unre-
lated to the thyroid system [2, 8]. Accordingly, one should
consider offering additional testing, if not done already, for
other endocrine-related and metabolic conditions, such as
diabetes mellitus, calcium abnormalities, adrenal disorders,
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TaBLE 23.2 Possible causes of persistent symptoms in patients
treated for hypothyroidism

Inadequate levothyroxine dose
Lifestyle measures suboptimal

Unbhealthy diet

Lack of exercise

Inadequate sleep

Excess stress
Coexisting disease

Chronic Fatigue Syndrome

Fibromyalgia

Sleep Apnea

Climacteric Syndrome

Iron Deficiency

Vitamin D Deficiency

Vitamin B12 Deficiency

Other Autoimmune Disease

Other Medical Illness

Kidney, Liver, Heart, Lung, Blood
Viral and Post-viral Syndromes

Deiodinase 2 polymorphisms

Thr92Ala Polymorphism
Other subtle disorder of thyroid regulation or action
Psychiatric illness (depression especially)
Substance abuse

Adapted from Ref. [8]

TaBLE 23.3 Autoimmune diseases that occur with increased frequency
in patients with chronic lymphocytic thyroiditis (495 subjects)

Autoimmune condition Women (%) Men (%)
Rheumatoid arthritis 4.7 1.5
Vitamin B12 deficiency 4.5 0
Adrenal insufficiency 12 3

Celiac disease 12 0
Multiple sclerosis 0.7 1.5
Inflammatory bowel disease 0.7 1.5
Systemic lupus erythematosus 0.7 0

Adapted from Ref. [27]
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hypogonadism, celiac disease, vitamin D deficiency, vitamin
B12 deficiency, sleep apnea, and depression. Alternatively,
the endocrine-specific provider can explain that additional
general medical testing may be more efficiently done by
their primary care provider [2].

In addition to the available clinical data (history, physical
examination, laboratory results, and individual patient con-
cerns), the discerning clinician should consider multiple pos-
sibilities that may cause or contribute to persistent symptoms
in their hypothyroid patients. The current thyroid hormone
dose may be adequate but not optimal; the thyroid regimen
may not be physiological for that individual patient; the
patient may possibly have a hypothalamic or pituitary disor-
der, rendering the serum TSH an unreliable test. As educated
and trained thyroid experts, endocrinologists must also con-
sider that there could be a subtle, or possibly not yet identifi-
able, genetic, epigenetic, or other acquired disorder
somewhere within the thyroid hormone regulatory or
response system for which tests are not readily accessible or
not yet available.

Management advice to improve patients’ overall well-being
should include lifestyle measures, emphasizing a well-balanced
diet, regular exercise, adequate sleep, and stress reduction.
Treatment of other endocrine and metabolic disorders uncov-
ered during the evaluation should be discussed or imple-
mented. Contributing non-endocrine medical and psychiatric
conditions can be discussed but are often more appropriately
managed by primary care providers or other specialists.

Some endocrinologists and primary care providers will
also consider a trial of combination LT4/LT3 or DTE ther-
apy. Combination LT4/LT3 therapy has been evaluated
compared to LT4 treatment alone in multiple published
randomized controlled trials since the first report in 1999.
Some studies reported improvement in symptoms and a
preference among study subjects for combination LT4/LT3
therapy. However, the majority of the investigations
reported no subjective or objective benefits from combina-
tion therapy [1, 2]. The studies were mostly small and of
short duration and did not specifically evaluate patients
who had persistent symptoms on LT4 monotherapy, leaving
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investigators unconvinced of combination therapy efficacy
but uncertain about whether adequate studies had been
done [1,2].

The largest and longest study consisted of over 600 hypo-
thyroid subjects who were randomized to combination LT4/
LT3 therapy or LT4 alone and were followed for 1 year.
Consistent with most of the other trials, benefits from combi-
nation LT4/LT3 therapy compared to LT4 therapy were not
demonstrated. Subsequently, this group reported genotyping
over 500 of their original subjects and identified a polymor-
phism of the deiodinase 2 (D2) enzyme, Thr92Ala, in 16% of
the cohort. The subset of subjects with this D2 polymorphism
had more symptoms at baseline and showed statistically sig-
nificant symptom improvement on combination LT4/LT3
therapy (30); the authors postulated that this relatively com-
mon D2 variation might be causally related to poorer psycho-
logical well-being and a better response to combination LT4/
LT3 therapy [30]. In contrast, a previous study reported that
the D2 Thr92Ala polymorphism was not associated with
impaired well-being or neurocognitive functioning or with a
subject preference for combined LT4/LT3 treatment [31].

The clinical consequences of the Thr92Ala polymorphism
on D2 function are not entirely clear. Investigators have sug-
gested that D2 activity might be reduced, causing decreased
T4 to T3 conversion in the brain under hypothyroid condi-
tions. The D2 enzyme is normally ubiquitinated causing sub-
sequent proteolytic D2 degradation when T4 concentrations
are high, whereas D2 degradation is prevented by de-ubiqui-
tination when the prevailing T4 supply is low. However, the
Thr92Ala substitution is located in the D2 instability loop,
which is closely linked to ubiquitination, and may somehow
impair D2 rescue under hypothyroid conditions, resulting in
greater dependence on circulating T3 levels to maintain an
adequate T3 supply to the brain. The D2 Thr92Ala polymor-
phism and a D2 Ala92Ala polymorphism have more recently
been shown to be associated with reduced serum T3 levels
and reduced intracellular T3 concentrations in thyroidecto-
mized patients replaced with LT4 alone [32]. Clinical genetic
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testing to determine in advance who may and who may not
benefit from this therapy (pharmacogenetics) is not currently
available.

When combination LT4/LT3 therapy is utilized, it is sug-
gested that an LT4 to LT3 ratio of approximately 14:1 to 10:1
be administered to mirror the human physiological T4 to T3
secretion ratio of 14:1. Because LT3 has a much shorter half-
life than LT4, some clinicians administer LT3 in twice-daily
divided doses approximately 8-12 hours apart. Many, but not
all, clinicians recommend that patients on combination LT4/
LT3 therapy have serum TSH levels measured in the morning
before taking either LT4 or LT3 because of the abrupt rise in
serum T3 levels that occurs in the first few hours after LT3 is
ingested. Serum TSH levels in these patients, as with those on
LT4 monotherapy, should be maintained within the reference
range to avoid the toxicities and complications of chronic
thyroid hormone excess [2].

The use of DTE is a much older approach to combination
T4/T3 therapy. Currently available DTE products are made
from porcine thyroid glands; patients who avoid pork prod-
ucts for religious or other reasons should be made aware of
the source of DTE preparations. Some websites and individu-
als promote DTE as being “natural” thyroid hormone
replacement because the DTE hormones are not synthetic.
However, porcine thyroid glands and physiology are not the
same as their human counterparts. Human thyroid glands
normally secrete a T4/T3 molar ratio of approximately 14:1,
while porcine thyroid glands contain a T4/T3 ratio of about
4:1. Therefore desiccated porcine thyroid glands contain
much higher T3 concentrations than human thyroid glands.
Taken orally, these DTE products produce an abrupt rise in
serum T3 levels, often transiently into the supraphysiological
range. Potentially, this transient T3 excess could cause short-
term harm or the long-term complications known to occur
with thyroid hormone excess [9].

DTE therapy was evaluated in a short-term randomized
controlled trial that included 70 LT4-treated hypothyroid
patients who received 16 weeks of treatment with either DTE
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or continued LT4.TSH levels were similar in both groups, but
DTE-treated patients had lower serum free T4 levels and
higher total T3 levels during the treatment period. Symptoms
during the trial did not differ between the groups, but the
DTE-treated group lost a small amount of weight; 48.6% of
subjects expressed a preference for DTE, while 18.6% pre-
ferred LT4. There were no adverse events reported in either
group [33]. A 2017 mail survey study of physicians who were
frequent thyroid hormone prescribers was conducted by
members of ATA, the American Association of Clinical
Endocrinologists (AACE), and the Endocrine Society; the
surveyed physicians reported a high incidence of adverse
events in patients taking DTE, but there was no comparator
group of patients on LT4 alone [34]. There are no published
studies that have adequately evaluated the long-term efficacy
or safety of DTE.

Compounded thyroid hormone preparations from com-
pounding pharmacies are another source available to patients
who wish to access combination T4/T3 products. Due to vari-
ability and lack of standardization, however, the use of com-
pounded thyroid hormone products cannot be recommended
[6-9]. LT3 monotherapy is also not recommended because
this approach is clearly not physiologic. Administration of
once-daily LT3 is associated with significant excursions of
serum total T3 and free T3 levels [35]. Sustained-release LT3
preparations, though not yet available as FDA-approved
products in the USA, may provide smoother serum T3 pro-
files and may be more suitable for future studies of combina-
tion T4/T3 therapy.

Current clinical practice guidelines from ATA, AACE,
and the European Thyroid Association (ETA) do not rec-
ommend combination LT4/LT3 as routine treatment for
hypothyroidism because there is no consistent evidence
(multiple randomized controlled trials, literature reviews,
and meta-analyses) that combination LT4/LT3 treatment is
superior to LT4 monotherapy, and there is no long-term
safety data. They also recommend against using DTE, citing
potential safety concerns regarding the transient supra-



Chapter 23. Persistent Hypothyroid Symptoms... 313

physiological T3 levels that occur with DTE and the pau-
city of long-term safety outcome data [6-9, 36]. However,
the guideline authors concede that it is reasonable to con-
sider these regimens in patients who have persistent symp-
toms consistent with thyroid hormone deficiency despite
appropriately dosed LT4 monotherapy or in those who
express a strong preference for one of these approaches.
When undertaken, both types of combination therapy must
be given safely with careful attention to maintaining serum
TSH levels within the reference range to avoid the known
toxicities of excess thyroid hormone administration [2, 6, 7,
13, 14].
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Chapter 24

Low-Dose Naltrexone
Treatment of Hashimoto’s
Thyroiditis

Michael T. McDermott

A 51-year-old man came to the office to establish care with an
endocrinologist. He just moved to this community from out
of state. He was diagnosed years ago with hypothyroidism
and low testosterone; he doesn’t recall the tests that were
done to establish these diagnoses. He currently takes levothy-
roxine 225 mcg daily, liothyronine 5 mcg BID and Depo-
testosterone 100 mg every week. He feels generally well but
has chronic anxiety and trouble sleeping. He has some fatigue
but says that his current medication regimen helps consider-
ably. His previous doctor told him that his TSH, which is usu-
ally low, is not an accurate measure of his thyroid status since
he has severe fatigue when his TSH is normal. He was told
that his treatment goal should be to keep his free T4 and free
T3 levels within the normal range but that his symptoms are
the most reliable indicator of the adequacy of his thyroid
hormone therapy. He has done extensive Internet research
that has confirmed that, as his previous doctor told him, the
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TSH is not a good test for him. A previous MRI of his pitu-
itary gland was normal. He also read information during his
research that Hashimoto’s thyroiditis may be improved or
cured with low-dose extended-release compounded naltrex-
one therapy. He requests that a prescription for low-dose
naltrexone be sent to his local compounding pharmacy that
has told him they will compound it for him if he has a pre-
scription from a physician. His most recent labs are as fol-
lows: TSH 0.01 mU/L, free T4 1.8 ng/dl, and free T3 2.4 pg/ml.

Discussion

Hashimoto’s thyroiditis (chronic lymphocytic thyroiditis) is
the most common etiology of primary hypothyroidism in
adults in the United States. Hashimoto’s thyroiditis is a
genetically based chronic inflammatory condition that leads
to gradual but progressive destruction of the thyroid gland,
rendering it unable to make sufficient amounts of thyroid
hormone to meet the needs of peripheral tissues [1].
Hashimoto’ s thyroiditis is the most common of all autoim-
mune diseases. While a genetic predisposition plays a domi-
nant role in its development, environmental factors may also
have an important influence. Nutritional factors, for example,
have been linked to a higher risk for developing Hashimoto’
s thyroiditis; these include iodine excess, selenium deficiency,
and possibly deficiencies of iron and vitamin D [2].
Interestingly, selenium supplementation has been shown to
reduce thyroid autoantibody titers in patients with
Hashimoto’s thyroiditis; however, there is no evidence that
selenium reverses or prevents progression of their thyroid
dysfunction [3].

The diagnosis of Hashimoto’s thyroiditis is made by dem-
onstrating elevated levels of anti-thyroid peroxidase anti-
bodies (anti-TPO) and/or anti-thyroglobulin antibodies
(anti-Tg) in the circulation. However, measurement of these
anti-thyroid antibodies in hypothyroid subjects is a contro-
versial topic. Routine antibody measurement is not recom-
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mended in the current clinical practice guidelines of the
American Association of Clinical Endocrinologists (AACE)
and the American Thyroid Association (ATA) [4] because
adults with hypothyroidism not due to iatrogenic causes
(surgery, radioiodine ablation) or medications nearly always
have Hashimoto’s thyroiditis; therefore, thyroid autoanti-
body testing offers little additional information and does
not usually affect treatment decisions. However, some pro-
viders find it beneficial to demonstrate to their patients that
their hypothyroidism has an autoimmune etiology; this may
also facilitate a discussion about the increased risk of devel-
oping other autoimmune disorders for which increased vigi-
lance may be useful. Thyroid sonography is not generally
indicated in the evaluation of hypothyroidism unless thy-
roid nodules are palpable on physical examination or have
been identified incidentally by other imaging studies; when
performed it often shows a hypoechogenic pattern in the
thyroid parenchyma in patients with chronic lymphocytic
thyroiditis [1].

The treatment of Hashimoto’s thyroiditis is thyroid hor-
mone replacement once hypothyroidism develops as a
result of the chronic lymphocytic inflammation.
Levothyroxine (LT4) is the recommended replacement
medication and should be given in doses sufficient to main-
tain the serum TSH level within the reference range [4, 5].
The majority of affected patients will have relief or resolu-
tion of their symptoms with this therapy. However, as dis-
cussed in the previous chapter, some patients may continue
to experience symptoms consistent with thyroid hormone
deficiency despite adequate LT4 replacement therapy [6—
14]. Some providers may then choose a trial of combination
LT4 plus liothyronine (LT3) in roughly a 10:1 T4 to T3 ratio
or porcine desiccated thyroid extract (DTE), which has
approximately a 4:1 T4 to T3 ratio. Neither of these are con-
sidered first-line therapy, but the ATA and AACE guideline
authors concede that while there is no evidence for superi-
ority of these combined T4/T3 regimens on symptoms or
other outcomes and there is no long-term safety data, it is
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reasonable to consider a trial of combined therapy in
patients who continue to suffer symptoms despite adequate
LT4 therapy (see more complete discussion of this issue in
the previous chapter) [4, 5].

Nonetheless, the ATA survey (discussed in the previous
chapter) of 12,000 hypothyroid patients that showed wide-
spread dissatisfaction with their thyroid hormone replace-
ment therapy [13] consisted of 60% who were taking LT4
alone, 25% who were taking combination LT4/LT3, and
10% who were taking DTE or a compounded thyroid hor-
mone preparation. Therefore, even the available combina-
tion T4/T3 regimens do not resolve all symptoms in some
patients.

Blogs from a Hashimoto’s Disease Website
(Unedited)

e [ am currently going through this now. I feel like crap, no
energy depressed moody dizzy ect. My labs have been in
range and my Endo doctor says my symptoms are not
related to Hashimoto because my thyroid test are in range.
But they cant find any other issues so now they are just
treating me like I am crazy and a Hypochonchiac when I
tell them what I'm experiencing.

e This is exactly what thyroid patients go through, doctors
dismissing our symptoms when labs are in-range. They
do not realize they are relying on outdated lab values or
that the difference between in-range and optimal can
make a dramatic improvement in our quality of life.
And yet we continue to be ignored by a majority of
endocrinologists and thyroid specialists. Seven out of
eight thyroid patients are women. Is it any wonder we
are ignored?

¢ Yesitis BS but what’s even worse is being sick for 30 years
and them telling you you're fine when you know you
aren’t. Then you are finally diagnosed and they tell you
well this isn’t something traditional medicine treats its
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more of a holistic health thing. Are you serious!!! I do feel
better now on Armour and healthy diet than I ever did on
Synthroid so that’s a plus.

e Endocrinologists are trained but not educated.

A Cure for Hashimoto’s Thyroiditis Is Not
Currently Available

The most commonly cited explanation for persistent symp-
toms in hypothyroid patients who are treated with LT4 or T4/
T3 combinations and have serum TSH levels within the refer-
ence range or even within the “optimal range” of 0.45-
2.0 mU/L is that the symptoms may not be thyroid-related or
endocrine-related at all [15]. However, data from one study
suggested that chronic lymphocytic thyroiditis may possibly
cause symptoms that are independent of and not related to
thyroid hormone levels [16]. Furthermore, multiple other
autoimmune conditions are known to occur more commonly
in patients with chronic lymphocytic thyroiditis [17 18], add-
ing to the complexity of symptom management. So, the
important question arises: is it possible that Hashimoto’s
thyroiditis itself could be cured before there is extensive thy-
roid inflammation and gland destruction?

Autoimmune diseases that destroy some organ systems
(joints, kidneys, liver, central nervous system, eyes, skin) are
often treated with aggressive immunosuppressive therapies
because relatively simple replacement therapies for these
organ systems are not available. Due to the frequent side
effects and significant toxicities of immunosuppressive agents,
they have not been well studied and are not indicated in
patients with Hashimoto’s thyroiditis. Instead, affected
patients are generally monitored until they develop mild
hypothyroidism, at which point thyroid hormone replace-
ment therapy is initiated.

Therefore, there is interest in finding therapies that are
more benign than currently available immunosuppressive
agents and that could potentially be used to reduce or abolish
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the thyroid inflammation to prevent further thyroid destruc-
tion or possibly even allow thyroid regeneration. For exam-
ple, as mentioned above, selenium supplementation has been
shown to reduce thyroid autoantibody titers in patients with
this condition; disappointingly, however, there is no evidence
that selenium can reverse or prevent progression of thyroid
dysfunction [3]. So here is where the murky origins of low-
dose naltrexone as a treatment for Hashimoto’s thyroiditis
begin.

Background on Low-Dose Naltrexone

Endogenous opioids and opioid antagonists are proposed to
play a role in healing and repair of tissues. This has led to the
use of low-dose naltrexone (LDN) as a possible treatment for
numerous disorders [20]. Dr. Bernard Bihari,“a LDN pioneer
and champion” is featured in a 2002 online video describing
his work with LDN; an online tribute credits him with
improving the lives and relieving symptoms in “tens of thou-
sands (some say hundreds of thousands) of people with mul-
tiple sclerosis, rheumatoid arthritis, lupus, HIV/AIDS, and
even cancer” [19]. In her book Honest Medicine, Julia
Schopick proposes LDN as an “effective, time-tested, inex-
pensive treatment for life-threatening diseases” to include
“multiple sclerosis, epilepsy, liver disease, lupus, rheumatoid
arthritis, and other disorders” [20].

Scientific Evidence for Low-Dose Naltrexone

Is there credible science to support these claims? In a 2007
study published in the American Journal of Gastroenterology,
Dr. Jill Smith did report significant improvements in the
Crohn’s Disease Activity Index during 12 weeks of treatment
with LDN and for 4 weeks after discontinuation of the medi-
cation in patients with active Crohn’s disease [21]. Other
studies followed with mixed results. Subsequently, a 2018
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Cochrane Database Systematic Review of this issue con-
cluded that there is “insufficient evidence to allow any firm
conclusions regarding the efficacy and safety of LDN for
patients with active Crohn’s disease” [22].

I have searched all credible sources and have found no
published evidence that LDN is beneficial in patients with
thyroid or other endocrine disorders, autoimmune or other-
wise. As devoted and well-educated clinician scientists and
experts in the field, we should always be seeking innovative
approaches to evaluation and treatment of our patients who
are suffering from endocrine diseases and pseudo-endocrine
disorders since our primary goal is to relieve suffering and
improve our patients’ quality of life. Our evaluation and man-
agement recommendations must, in my opinion, be individu-
alized and innovative but should also be evidence-based to
ensure that the safety and welfare of our patients is foremost
in our plans.

What Is the Best Way to Manage this Patient’s
Symptoms and Concerns and to Practice
Good Medicine?

It is critically important to educate patients regarding medi-
cal information they find on the Internet. This has been well
covered in other chapters, so I will briefly say only that
patients should be informed that both good information and
unreliable and unsubstantiated information can be found on
the Internet. One must be careful to determine the source of
the information given in order to evaluate its credibility. In
this case, some Internet sites make claims of significant ben-
eficial effects of LDN but without solid scientific evidence to
substantiate these claims. A review of the existing scientific
literature does show some initial reports of benefit in patients
with Crohn’s disease, but a large Cochrane systemic review of
all existing studies did not find evidence for benefit. LDN has
not been studied in patients with Hashimoto’s thyroiditis.
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This information is worth discussing with the patient.
Doing so indicates that you acknowledge that he/she is
seeking relief of symptoms that are adversely affecting his/
her quality of life and respects his/her initiative for investi-
gating measures that might be taken to improve quality of
life. At the same time, it emphasizes that you, as the physi-
cian, practice evidence-based medicine and do not believe
that the use of unproven therapies is good medical
practice.

However, because this patient has sought out your opinion
and entrusted his healthcare to you, it is incumbent upon the
provider to show him respect and compassion. Listening care-
fully, examining him, offering to order additional testing, if
appropriate, and discussing alternative explanations for his
symptoms and management options that emphasize healthy
lifestyle measures and treatment with evidence-based thera-
pies, if they are available, are always appropriate and can go a
long way toward symptom resolution and good quality of life.
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Chapter 25

Hashimoto
Encephalopathy

Michael T. McDermott

Case

A 60-year-old man was admitted to the intensive care unit for
a grand mal seizure, confusion, somnolence, tremors, and
myoclonus.

e PMH: Hypothyroidism, type 1 diabetes, hypertension,
hyperlipidemia.
e Meds: Levothyroxine 88 mcg/day, insulin, ACE inhibitor,
statin.
e PE:Ht 511" Wt 193 Ib. BP 124/70 P 88 T 99.0.
— Thyroid: Mildly enlarged, firm.
— Mental status: Significantly altered.
— Neurological: Tremors, myoclonus, weakness.
e Lab: TSH 4.4 mU/L, Free T4 0.9 ng/dl, Na 136, K 4.6.
— TPO antibodies: 1322 (nl < 60), Cortisol 18 ug/dl.
— LP: High CSF protein MRI: Diffuse white matter
changes.
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A consult was sent to the Endocrinology Inpatient Consult
Service to evaluate and treat this patient for Hashimoto
encephalopathy.

Diagnosis Steroid-responsive encephalopathy associated with
autoimmune thyroid disease (not Hashimoto encephalopathy).

Recommendation High-dose glucocorticoid therapy. No
change in thyroid hormone dose.

Discussion

The term “Hashimoto encephalopathy” was first coined in
1966 when a 58-year-old man with treated hypothyroidism
due to Hashimoto’s thyroiditis presented with a grand mal
seizure, impaired mental status, weakness, somnolence, and
an unsteady gait [1]. A lumbar puncture showed high protein
levels in the cerebrospinal fluid (CSF). Hashimoto’s disease
was postulated to be the etiology, but the authors wisely cau-
tioned that, “Antibody studies in future cases of unexplained
encephalopathy should show whether we have described a
syndrome or co-incidence.” “Steroid-responsive encephalop-
athy associated with autoimmune thyroid disease” later
emerged as the favored nomenclature for the reasons dis-
cussed below.

Steroid-responsive encephalopathy associated with auto-
immune thyroid disease (SREAAT) is now characterized as
an acute encephalopathy of unknown cause that typically
presents with symptoms of impaired mental status, tremors,
myoclonus, somnolence, multiple stroke-like episodes, stu-
por, and seizures [2, 3]. It has further been sub-divided into
a vasculitis subtype, characterized by multiple stroke-like
episodes, and a diffuse progressive subtype, featuring promi-
nent psychiatric symptoms and dementia. Following the
initial case report in 1966 (described above), many affected
patients were found to have positive antithyroid antibodies
in the serum and the CSF;it was initially believed that these
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antibodies caused the encephalopathy, possibly by promot-
ing an antibody-mediated cerebritis, and the condition was
therefore termed “Hashimoto encephalopathy.” However, it
was not clear then and remains in doubt now that the anti-
thyroid antibodies play a pathogenic role in this condition.
Nor does the disorder appear to be related to thyroid func-
tion since reported cases have been hypothyroid, euthyroid,
or even hyperthyroid and treatment of hypothyroid patients
with thyroid hormone replacement has produced no benefi-
cial effects on the encephalopathy [2, 3].

Importantly, a substantial number of patients experience
significant improvement following a course of intravenous or
oral glucocorticoid therapy. Treatment typically consists of
methylprednisolone 1000 mg intravenously for 5 days or
prednisone 60-120 mg orally for 1 week or more. Most
patients respond within 1 week and nearly all respond by
4 weeks. Steroid-intolerant or steroid-resistant patients are
typically treated with cyclophosphamide, IVIG, or plasma
exchange [2, 3].

Because the encephalopathy does not appear to be
related to thyroid antibodies or to thyroid dysfunction but
does respond well to glucocorticoid therapy and not to any
type of thyroid therapy, the term “Hashimoto encepha-
lopathy” fell out of favor, and the condition has become
more accurately referred to as steroid-responsive encepha-
lopathy associated with autoimmune thyroid disease
(SREAAT) [2,3].
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Non-thyroidal Illness
Syndrome (Euthyroid
Sick Syndrome)

Michael T. McDermott

Case 1

A 52-year-old man was admitted to the hospital 3 weeks ago
for a bowel obstruction that required surgery complicated by
a bowel perforation and prolonged septic shock. He then
developed a pulmonary embolism complicated by a respira-
tory arrest that required intubation and mechanical ventila-
tion. He subsequently developed a ventilator-associated
pneumonia. His diabetes has been difficult to control through-
out his hospital stay. He has intermittently required treatment
with pressors and steroids. Thyroid tests were ordered during
this time and were abnormal, prompting an Endocrinology
consult.

e PH: Type 2 diabetes mellitus, hypertension, COPD
(smoker).

e PE:BP 110/72 P 92 Ht 5'8” Wt 225 1b.
— General exam: Normal Thyroid: Normal.
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e Lab:TSH 0.28 mU/L (nl, 0.45-4.5).
— Free T4: 0.6 ng/dl (nl, 0.8-1.8).
— Total T3: 23 ng/dl (nl, 80-180).

A consult was sent to the Endocrinology Inpatient Consult
Service for urgent evaluation and treatment of the patient for
possible central hypothyroidism and to determine if he
should be treated with T3 or T4.

Diagnosis Non-thyroidal illness syndrome (euthyroid sick
syndrome). No evidence of primary or secondary thyroid
dysfunction.

Recommendation Thyroid replacement is not indicated and
could be harmful. Repeat thyroid tests 2-3 months after
complete recovery from his hospitalization.

Case 2

A 66-year-old man was discharged from the hospital 3 days
ago after a 10-day hospitalization for community-acquired
pneumonia and severe sepsis. He was referred for urgent
evaluation of probable hypothyroidism.

e PH: Type 2 diabetes mellitus, hypertension, hyperlipid-
emia, coronary artery disease.
e PE:BP 142/92 P 80 Ht 5'10” Wt 210 Ib.
— General Exam: Normal Thyroid: Normal.
e Lab: TSH 12.1 mU/L (nl, 0.45-4.5).
— Free T4: 0.9 ng/dl (nl, 0.8-1.8).
— Total T3: 64 ng/dl (nl, 80-180).
— TPO antibodies: Negative.

A consult was sent to Endocrinology for urgent evaluation
and to start treatment for primary hypothyroidism.

Diagnosis Recovery from non-thyroidal illness syndrome
(euthyroid sick syndrome).
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Recommendation Thyroid replacement is not indicated at
this time. Repeat thyroid tests 2-3 months after complete
recovery from his pneumonia.

Discussion

Non-thyroidal illness syndrome (NTIS) is also commonly
called the euthyroid sick syndrome (ESS). It refers to changes
in serum levels of triiodothyronine (T3), thyroxine (T4),
reverse T3 (RT3), and thyroid stimulating hormone (TSH)
and in tissue thyroid hormone levels that occur in patients
with various non-thyroidal illnesses and starvation. It is not a
primary thyroid disorder but instead results from changes in
thyroid hormone secretion, transport, metabolism and action
induced by the non-thyroidal illness and may, in fact, be a
protective response.

Serious non-thyroidal illnesses cause changes in thyroid
hormone levels that can easily be confused with true thyroid
disorders, especially central hypothyroidism during the illness
and primary hypothyroidism during recovery from the illness.
Consequently, thyroid tests should be ordered in seriously ill
patients only when there is a reasonably high suspicion for
the presence of hyperthyroidism or hypothyroidism.
Furthermore, it is generally best to avoid thyroid testing in
the first few weeks after recovery from a significant non-
thyroidal illness. Considerable experience is often necessary
to interpret thyroid tests in these settings.

During a significant non-thyroidal illness, if thyroid testing
is deemed necessary, a serum TSH level alone is not adequate
to distinguish NTIS from true thyroid disorders. Serum TSH,
free T4, and total T3 should be ordered in this situation. RT3
measurement, although rarely indicated in any other situa-
tion, can sometimes be helpful in distinguishing NTIS from
central hypothyroidism.

Even in mild-to-moderate non-thyroidal illnesses in the
inpatient or ambulatory settings, serum total T3 can drop to
low normal or frankly low levels because of decreased T4 to
T3 conversion, due to reduced hepatic deiodinase type 1 (D1)
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activity. The magnitude of the serum T3 reduction correlates
well with the severity of the non-thyroidal illness. Serum free
T4 and TSH levels usually remain within the reference range
in the mildest form of this condition. In more severe non-
thyroidal illnesses, serum total T3 drops to very low levels,
generally in proportion to the underlying illness severity.
Serum TSH levels also decrease below the reference range at
this stage because of cytokine-mediated suppression of TRH
and TSH secretion. TSH secretion can also be inhibited by
numerous medications, most notably glucocorticoids and
dopamine. Reduced TSH secretion further decreases serum
T3 levels and most often also decreases serum free T4 levels.
However, free T4 values can be highly variable (normal,
decreased, or increased) depending on the underlying illness,
concomitant medications, and the assay technique. The most
common pattern, therefore, is low TSH, low free T4, and very
low total T3 (Fig. 26.1), which can often be difficult to distin-
guish from central hypothyroidism. However, serum RT3
tends to be high in NTIS and low in central hypothyroidism.

When patients begin to recover from severe non-thyroidal
illnesses, serum TSH levels increase and may become
transiently elevated above the reference range. Serum total
T3 levels begin to increase but may remain low, while free T4
levels often decrease due to recovery of hepatic production
of thyroid hormone-binding proteins. Thyroid hormone tests
during recovery from non-thyroidal illnesses can therefore
show an elevated serum TSH level (transiently) along with
low levels of free T4 and total T3 (Fig. 26.1), making this con-
dition difficult to distinguish from mild primary hypothyroid-
ism. Considering the transient nature of thyroid hormone
changes during recovery from NTIS/ESS and the lack of
urgency for immediate treatment of mild primary hypothy-
roidism, it is best to simply repeat thyroid testing 2-3 months
after full recovery from the non-thyroidal illness.

NTIS (ESS) is believed to be caused by increased circu-
lating cytokines and other inflammation mediators resulting
from the underlying non-thyroidal illness. These mediators
inhibit the thyroid axis at multiple levels, including the
hypothalamus (decreased TRH secretion), pituitary gland
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Reverse T3

High
Levels

Normal
Range

Low
Levels

Mild Moderate Severe Recovery
Non-Thyroidal lliness Severity

Ficure 26.1 Changes in thyroid hormone levels in patients with
non-thyroidal illnesses of varying severity and during recovery

(decreased TSH secretion), thyroid gland (decreased T, and
T, responses to TSH), transport proteins (decreased thyroid
hormone binding), and peripheral tissues (decreased T4 to
T3 conversion by tissue deiodinases).

Deiodinases are selenocysteine enzymes that activate and
deactivate thyroid hormones by removing iodine molecules.
Deiodinase enzymes have three major subtypes: deiodinase 1
(D1), deiodinase 2 (D2), and deiodinase 3 (D3) (Table 26.1
and Fig. 26.2). D1 converts T4 to T3 in the liver and kidneys,
producing the majority of circulating T3, and converts RT3 to
diiodothyronine (T2); D1 has a higher affinity for RT3 than
for T4. D2 converts T4 to T3 in the brain and pituitary gland,
increasing intracellular T3 in these tissues; D2 has a higher
affinity for T4 than for RT3. D3 converts T4 to RT3 and T3 to
T2. D1 activity is significantly reduced and D3 activity is
enhanced in NTIS. These changes are responsible for the low
serum T3 and high serum RT3 levels that are characteristic of
this condition.



336 M. T. McDermott

TaBLE 26.1 Deiodinase enzymes: Selenocysteine enzymes that deio-
dinate thyroid hormones

Deiodinase 1 Deiodinase 2 Deiodinase 3
(D1) (D2) (D3)
Substrate RT3 >> T4 T4 >> RT3 T4 + T3
Tissue Liver Brain Placenta
Kidney Pituitary Brain
Fat
Function  Clear RT3 1 cellular T3 Protect fetus
1 serum T3 1 serum T3 | cellular T3

Clear T4 + T3

RT3 reverse triiodothyronine, 74 thyroxine, 73 triiodothyronine

Thyroid Hormone Metabolism
Deiodinases

T4

/ D3, (D1)

D1: Liver, Kidney (Serum T3)

T T
3 D2: Brain, Pituitary (Brain T3) 3

m D1, D2

T2

FiGURE 26.2 Thyroid hormone metabolism by deiodinases. T4 thy-
roxine, T3 triiodothyronine, r'T3 reverse triiodothyronine, T2 diiodo-
thyronine. D1 deiodinase 1, D2 deiodinase 2, D3 deiodinase 3
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Most experts consider NTIS/ESS to be an adaptive mecha-
nism developed to reduce peripheral tissue energy expendi-
ture during the non-thyroidal illness. Conversely, some argue
that the alterations in circulating thyroid hormone levels may
be harmful and may accentuate the effects of the non-thyroidal
illness. The majority favor the former view, but the issue is
likely to remain controversial for years to come.

Management of NTIS is also controversial. Interventional
studies have not reported consistent or convincing evidence
of benefit from treating NTIS patients with either liothyro-
nine (LT3) or levothyroxine (LT4), and there is some evi-
dence that thyroid hormone treatment may actually be
harmful. LT3 therapy was shown to improve ventricular
performance and neuroendocrine profiles in chronic heart
failure patients in one randomized controlled trial. Experts
agree that large, prospective studies in a variety of settings
are needed. Therefore, thyroid hormone therapy cannot, at
present, be recommended for patients with NTIS (euthyroid
sick syndrome), except possibly those with chronic heart
failure.
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