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Osteoporotic fractures are expected to increase with the aging of 
the population, causing a significant stress on healthcare systems 
worldwide. Despite noninvasive methods for screening and highly 
effective therapies, osteoporosis remains underdiagnosed and 
undertreated. The first report on the disease from the United States 
Office of the Surgeon General stated that bone health was “criti-
cally important” for overall health and well-being. The conse-
quences of osteoporotic fractures are excess mortality, morbidity 
including total or partial disability, loss of independence, and 
impaired quality of life, in addition to economic costs.

This book is designed to aid in the management of osteoporo-
sis through a patient-focused approach. The authors have related 
clinical pearls from their extensive backgrounds to address some 
of the challenges providers face in the treatment of osteoporosis. 
I would like to acknowledge the contributors for sharing their 
experience, and hope that this book assists the reader in reducing 
the burden of the disease for their patients, male and female, and 
across the age spectrum.

New York, NY, USA Natalie E. Cusano, MD, MS
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Challenges in Screening 
and Diagnosis 
of Osteoporosis

Natalie E. Cusano

 Case Presentation

A 69-year-old man with a history of coronary artery disease and 
rheumatoid arthritis on prednisone was referred for hyperparathy-
roidism secondary to vitamin D deficiency. For his rheumatoid 
arthritis, he was treated with hydroxychloroquine and had been on 
and off prednisone for the past 10 years, most recently 5 mg daily 
for the past 6  months. Bone density testing was recommended 
since he had no history of previous evaluation and was significant 
for T-scores of −0.2 at the lumbar spine, −2.2 at the femoral neck, 
and −1.7 at the total hip. Degenerative changes were noted at the 
lumbar spine. Vertebral fracture assessment demonstrated a T12 
compression fracture. He had no history of trauma, and spine 
imaging 5 years prior was without fracture.

He was diagnosed with glucocorticoid-induced osteoporosis in 
the setting of an atraumatic vertebral fracture, despite densitomet-
ric osteopenia. Metabolic evaluation for secondary causes of bone 
loss was remarkable for calcium 9.8 mg/dL (albumin 4.2 g/dL; 
normal: 8.4–10.5), PTH 98  pg/mL (normal: 15–65), 
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25- hydroxyvitamin D 14 ng/mL, and BUN/creatinine 12/0.84 mg/
dL (eGFR >60 mL/min). Testosterone, serum/urine protein elec-
trophoresis, and transglutaminase antibody testing were within 
range. 24-hour urine calcium was not obtained at that time due to 
vitamin D deficiency.

He was counseled regarding calcium intake of 1200 mg from 
diet and supplements in divided doses. His vitamin D deficiency 
was addressed with ergocalciferol 50,000 IU weekly for 3 months, 
with recommendation for 1000  IU daily subsequently. 
Pharmacologic osteoporosis treatment options were discussed.

 Assessment and Diagnosis

Osteoporosis is defined as a skeletal disorder characterized by 
compromised bone strength predisposing to an increased risk of 
fracture [1]. The word is derived from “osteo-” pertaining to bone 
+ the Greek stem “poros” meaning “passage” or “pore,” literally, 
“porous bone.” This is easily visualized from bone specimens of 
patients with osteoporosis versus individuals with healthy bone. 
With osteoporosis, cortical bone, the outer shell of bone, is thin-
ner; there are also fewer trabecular struts, and the trabeculae are 
thinner, leading to a porous appearance (Fig. 1.1).

Using data obtained from the National Health and Nutrition 
Examination Survey (NHANES), in 2010, an estimated 10.2 mil-
lion Americans had osteoporosis and 43 million had low bone 
mass [2]. In 2005, there were over 2 million osteoporotic fractures 
in the USA: 547,426 vertebral fractures, 296,610 hip fractures, 
296,961 wrist fractures, and over 800,000 fractures at other sites 
[3]. There were an estimated 9 million fractures worldwide in 
2000, and across the world, 1 in 3 women over 50 and 1 in 5 men 
will experience an osteoporotic fracture [4]. For a 50-year-old 
woman, her estimated lifetime risk of death from a hip fracture is 
2.8%, equal to her risk of death from breast cancer [5].

A fragility fracture is a fracture occurring from a low energy 
trauma that would not ordinarily result in fracture. The WHO has 
quantified a fragility fracture to occur from a force equivalent to a 
fall from standing height or less [6]. Osteoporosis is often called 
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a “silent disease” because there are no symptoms until a fracture 
occurs. Major osteoporotic fractures are defined as fractures of 
the spine, hip, distal radius, and proximal humerus, although 
osteoporotic fractures can also occur in the ribs, pelvis, and other 
bones. Fractures at certain sites, including the skull, cervical 
spine, hands, feet, and ankles, are not generally considered to be 
fragility fractures.

Fractures lead to significant morbidity and mortality. 
Approximately 20% of patients will die in the year following a 
hip fracture and up to 90% will have difficulty with at least one 
activity of daily living 1 year after fracture [7, 8]. Fractures also 
lead to significant healthcare costs, with $19 billion spent in 2005 
and $25.3 billion projected by 2025 [3]. For these reasons, early 
diagnosis and initiation of effective therapy are key in the man-
agement of osteoporosis.

It is preferable to make a diagnosis of osteoporosis in a patient 
prior to the occurrence of fracture through noninvasive screening. 
Dual-energy X-ray absorptiometry (DXA) is the standard of care 
to diagnose osteoporosis, assess fracture risk, and monitor treat-
ment response. The accuracy and precision of DXA are excellent 
[9]. A typical DXA machine consists of a padded table for the 

Normal bone Osteoporotic bone

Fig. 1.1 Comparison of a vertebral bone specimen from an individual with 
healthy bone (left) compared to a patient with osteoporosis (right), demon-
strating a porous appearance due to effects including decreased trabecular 
number and thickness. (Permission to use image granted by Turner Biome-
chanics Laboratory)

1 Challenges in Screening and Diagnosis of Osteoporosis
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patient to lie on, a radiograph tube below the patient, and a detec-
tor above the patient (Fig.  1.2) [10]. Bone and soft tissue have 
different attenuation coefficients to X-rays. DXA uses two sepa-
rate energies of X-rays (thus, “dual energy”). The difference in 
total absorption between the two separate energies can be used to 
subtract out the absorption by soft tissue, leaving the absorption 
by bone. DXA measures bone mineral content (BMC, in grams) 
and bone area (BA, in square centimeters). By dividing BMC by 
BA, areal BMD in g/cm2 is obtained. The risk to the patient from 
radiation exposure from DXA is very low, overall equivalent to 
daily background radiation [9]. Pregnancy remains a contraindi-
cation for DXA due to the risks of ionized radiation.

Fig. 1.2 A typical DXA machine with demonstration of patient positioning 
for the lumbar spine scan

N. E. Cusano
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In 1994, the WHO classified bone density according to stan-
dard deviation (SD) differences between an individual’s BMD 
and that of a young-adult reference population, termed a T-score 
[6]. Low bone mineral density (BMD) is a powerful predictor of 
fracture risk. For each SD decline in bone density, fracture risk 
increases twofold. The WHO definitions are as follows (Table 1.1): 
T-score ≥ −1.0 is normal, T-score −1.1 to −2.4 is osteopenia, and 
T-score ≤  −2.5 is osteoporosis. The National Osteoporosis 
Foundation (NOF) and the International Society for Clinical 
Densitometry (ISCD) recommend the WHO criteria be applied to 
the lowest T-score site among the posteroanterior lumbar spine 
(L1–L4), femoral neck, and total hip [11, 12]. Of note, BMD at 
the lumbar spine site can be falsely elevated in the setting of 
degenerative disease. Measurement of the distal 1/3 radius is rec-
ommended by the ISCD if the lumbar spine or hip sites are not 
able to be measured due to the presence of hardware or are other-
wise uninterpretable, for patients with primary hyperparathyroid-
ism due to a preferential risk for cortical bone loss, or in patients 
with body weight above the limits of the table [12].

The WHO classifications can be used for postmenopausal 
women and men ≥50 years [12]. For younger women and men, a 
diagnosis of osteoporosis cannot be made by bone density alone 
since the relationship between BMD and fracture risk is not well 

Table 1.1 WHO definition of osteoporosis based on BMD measurements by 
DXA*

Definition BMD measurement T-score

Normal BMD within 1 SD of the mean 
bone density for young adults

T-score ≥ −1.0

Low bone mass 
(osteopenia)

BMD 1–2.5 SD below the 
mean for young adults

T-score between 
−1.0 and −2.5

Osteoporosis BMD ≥ 2.5 SD below the 
normal mean for young adults

T-score ≤ −2.5

Severe/“established” 
osteoporosis

BMD ≥ 2.5 SD below the 
normal mean for young adults 
in a patient who has already 
experienced ≥1 fractures

T-score ≤ −2.5

*Applicable to peri-/postmenopausal women and men ≥50 years

1 Challenges in Screening and Diagnosis of Osteoporosis
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established in younger patients. A diagnosis of osteoporosis in 
younger patients may be made in the presence of a fragility frac-
ture, or when there is low BMD in addition to risk factors for 
fracture, such as long-term glucocorticoid therapy or hyperpara-
thyroidism.

The NOF guidelines [11] for osteoporosis screening are among 
the most comprehensive and may have the most utility in clinical 
practice (Table  1.2) [11–19]. The NOF guidelines recommend 
screening for (1) women ≥65 years of age; (2) men ≥70 years of 
age; and (3) men and postmenopausal women ≥50 years of age 
with at least one risk factor for fracture. Risk factors include pre-
vious fracture, long-term glucocorticoid therapy, low body 
weight, family history of hip fracture, cigarette smoking, and 
excess alcohol intake.

Other guidelines are presented in Table 1.2. There is general 
consensus for screening women 65 years and older. Unfortunately, 
only up to 60% of women who qualify for bone density testing 
actually receive one [20]. The guidelines vary regarding recom-
mendations for screening for younger women and men, with 
many not routinely recommending screening of men. Of concern 
is that up to 30% of osteoporotic fractures occur in men and male 
osteoporosis remains an underdiagnosed and undertreated condi-
tion [21]. In addition, the American College of Rheumatology 
guidelines recommend screening patients starting glucocorticoid 
therapy with plan for prednisone at >2.5 mg/day for ≥3 months 
[22]. International guidelines also recommend screening women 
starting aromatase inhibitor therapy or other endocrine treatments 
associated with bone loss [23].

In 2008, the University of Sheffield together with the WHO 
launched a Fracture Risk Assessment Tool (FRAX) [24]. FRAX is 
a fracture risk calculator that generates estimates of the 10-year 
absolute risk of major osteoporotic fractures and hip fractures. 
The calculator uses clinical risk factors that have been demon-
strated to contribute to fracture risk independent of bone density. 
Fracture risk can be calculated with or without the input of BMD 
at the femoral neck by DXA. FRAX generates country-specific 
fracture risk, with different countries having different criteria for 
treatment; in the United States, the cutoffs are ≥20% for major 
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Table 1.2 Guidelines for osteoporosis screening

American College 
of Obstetrics and 
Gynecology 
(ACOG)

The ACOG [13] recommends measurement of BMD 
(DXA) in:
   Women ≥65 years
   Postmenopausal women <65 years with one or 

more risk factors for osteoporosis
   Postmenopausal women with a history of fracture

American College 
of Preventative 
Medicine (ACPM)

The ACPM [14] recommends measurement of BMD 
(DXA) in:
   Women ≥65 years
   Men ≥70 years
   Younger postmenopausal women and men 50–69 

years with additional clinical risk factors for fracture
Association of 
Clinical 
Endocrinologists 
(AACE)

AACE [15] recommends measurement of BMD 
(DXA of the hip and spine) in:
   Women ≥65 years
   Postmenopausal women with a history of fracture
   Postmenopausal women with osteopenia 

identified radiographically
   Postmenopausal women starting or taking 

glucocorticoid therapy ≥3 months
   Other perimenopausal or postmenopausal women 

with risk factors for osteoporosis if willing to 
consider pharmacologic therapy

   Patients with secondary osteoporosis
Vertebral imaging is recommended when T-score is 
<−1.0 if any of the following are present:
   Women ≥70 years
   Men ≥80 years
   Historical height loss of >4 cm (>1.5 inches)
   Self-reported but undocumented history of 

vertebral fracture
   Glucocorticoid therapy ≥5 mg of prednisone or 

equivalent for ≥3 months
Endocrine Society 
(ES)

ES [16] recommends measurement of BMD (DXA 
of the hip and spine) in:
   Men ≥70 years
   Men ≥50 years with risk factors for fracture
   Men ≥50 years with a history of fracture
   No formal recommendations given for women
The 33% forearm (one-third radius) site is 
recommended in the following cases:
   If hip and/or spine cannot be measured or interpreted
   Hyperparathyroidism
   Men receiving androgen deprivation therapy for 

prostate cancer

(continued)

1 Challenges in Screening and Diagnosis of Osteoporosis
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Table 1.2 (continued)

International 
Society for Clinical 
Densitometry 
(ISCD)

The ISCD [12] recommends measurement of BMD 
(DXA of the hip and spine) in:
   Women ≥65 years
   Men ≥70 years
   Postmenopausal women <65 years and men 

<70 years with risk factors for fracture
   Women during the menopausal transition with 

risk factors for fracture
   Adults with a fragility fracture
   Adults with a disease or condition associated with 

low bone mass or bone loss
   Anyone being considered for pharmacologic 

therapy for osteoporosis
   Anyone not receiving therapy when evidence of 

bone loss would lead to treatment
   Postmenopausal women discontinuing estrogen
The 33% forearm (one-third radius) site is 
recommended in the following cases:
   If hip and/or spine cannot be measured or 

interpreted
   Hyperparathyroidism
   Severe obesity (over the weight limit of DXA table)
Vertebral fracture assessment is recommended when 
T-score is <−1.0 if any of the following are present:
   Women ≥70 years
   Men ≥80 years
   Historical height loss of >4 cm (>1.5 inches)
   Self-reported but undocumented history of 

vertebral fracture
   Glucocorticoid therapy ≥5 mg of prednisone or 

equivalent for ≥3 months
National 
Osteoporosis 
Foundation (NOF)

The NOF [11] recommends measurement of BMD 
(DXA of the hip and spine) in:
   Women ≥65 years
   Men ≥70 years
   Postmenopausal women <65 years and men 

<70 years with risk factors for fracture
   Adults with a fragility fracture
Vertebral imaging is recommended if any of the 
following are present:
   Women ≥70 years and men ≥80 years with 

T-score ≤−1.0
   Women 65–69 years and men 70–79 years with 

T-score ≤−1.5
   Postmenopausal women and men ≥50 years if 

risk factors are present

N. E. Cusano
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osteoporotic fractures and ≥3.0% for hip fractures. The American 
Association of Clinical Endocrinology and National Bone Health 
Alliance Working Group recommend that a diagnosis of osteopo-
rosis be made in the setting of elevated fracture risk calculated by 
FRAX [15, 25].

Identification of a previously undetected vertebral fracture 
can change the diagnostic classification of a patient (as in the 
case presented above) and may guide the choice of initial ther-
apy. Vertebral fractures are a strong predictor of future fractures 
of all types. While they are the most common fragility fracture, 
up to 75% of vertebral fractures do not present with clinical 
symptoms, and vertebral fractures are significantly underdiag-
nosed [26]. Vertebral fracture assessment (VFA) is a method of 
visualizing spine fractures using the DXA machine at the time 
of BMD testing. VFA can detect moderate-to-severe vertebral 

Table 1.2 (continued)

North American 
Menopause Society 
(NAMS)

The NAMS [17] recommends measurement of 
BMD (DXA) in:
   Women ≥65 years
   Postmenopausal women ≥50 years with risk 

factors
United States 
Preventative 
Services Task Force 
(USPSTF)

The USPSTF [18] recommends measurement of 
BMD (DXA) in:
   Postmenopausal women ≥65 years
   Postmenopausal women <65 years with FRAX 

10-year risk of major osteoporotic fracture of 
≥8.4%

UK National 
Osteoporosis 
Guideline Group 
(NOGG)

The NOGG [19] recommends:
   Fracture probability assessment using FRAX in 

postmenopausal women and men ≥50 who have 
risk factors for fracture. In individuals at 
intermediate risk, BMD measurements should be 
performed using DXA and fracture probability 
re-estimated using FRAX

   Vertebral fracture assessment in postmenopausal 
women and men age >50 years if there is a 
history of ≥4 cm height loss, kyphosis, recent or 
current long-term oral glucocorticoid therapy, or a 
BMD T-score ≤−2.5

1 Challenges in Screening and Diagnosis of Osteoporosis
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fractures similarly to radiographs but with much less radiation 
exposure and lower cost. In one study of postmenopausal 
women 65  years and older, the sensitivity and specificity of 
VFA for severe and moderate fractures were 87–93% and 
93–95%, respectively. VFA performs less well for detection of 
mild fractures [27]. The ISCD guidelines recommend VFA for 
patients when T-score is <−1.0 if any one or more of the follow-
ing are present: (1) women ≥70 years or men ≥80 years; (2) 
historical height loss of >4 cm (>1.5 inches); (3) self-reported 
but undocumented history of vertebral fracture; and (4) gluco-
corticoid therapy ≥5  mg of prednisone or equivalent for 
≥3 months [12, 15]. The NOF, American Association of Clinical 
Endocrinology, and Endocrine Society guidelines recommend 
vertebral imaging as per Table 1.2. Guidelines from the Fourth 
International Workshop on the Management of Asymptomatic 
Primary Hyperparathyroidism also recommend vertebral imag-
ing to exclude fracture in patients with asymptomatic primary 
hyperparathyroidism [28].

Peripheral DXA and quantitative ultrasonagraphy have been 
used for screening but are not standardized for use with the WHO 
classification system, other than distal radius measurement by 
peripheral DXA.  Quantitative computed tomography (CT) and 
high-resolution peripheral quantitative CT can measure volumet-
ric BMD but are primarily used in research studies and not widely 
clinically available [29].

Bone turnover markers have been demonstrated in some stud-
ies, but not all, to predict fracture risk independent of BMD, with 
insufficient data for their use in fracture risk stratification in clini-
cal practice [30].

 Management

Most osteoporotic fractures occur in patients with osteopenia by 
bone density classification, not osteoporosis [31]. This is in part 
because there are many more patients in this category. Patients 
with normal bone density can also sustain a fragility fracture 
with subsequent diagnosis of osteoporosis, however. Bone 
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strength, which determines fracture risk, reflects the integration 
of bone density, which is easily measured by DXA, as well as 
bone quality, which is not measured by DXA [32]. Bone quality 
includes the macro- and microstructural characteristics of bone 
tissue, easily characterized by bone biopsy or high-resolution 
technologies that are not routinely used. The clinical risk factors 
used in the FRAX tool are thought to contribute to bone quality 
[24]. In addition, trabecular bone score can provide a measure-
ment of bone quality from the lumbar spine DXA image using 
proprietary software [33]. Chapter 3 further addresses FRAX, 
trabecular bone score, as well as other methods to calculate frac-
ture risk.

The NOF guidelines recommend therapy for patients with a 
clinical diagnosis of osteoporosis by low-trauma hip or vertebral 
(clinical or morphometric) fracture, regardless of bone density 
measurement [11]. Treatment is recommended in patients with a 
DXA diagnosis of osteoporosis with T-score ≤ −2.5 at the lumbar 
spine or femoral neck after appropriate evaluation to exclude sec-
ondary causes. Patients with osteopenia and elevated fracture risk 
as calculated by FRAX should also be treated; in the United 
States, the cutoffs are ≥20% for major osteoporotic fractures and 
≥3.0% for hip fractures [24].

 Outcome

The patient was transitioned from hydroxychloroquine and pred-
nisone to upadacitinib by his rheumatologist. His hyperparathy-
roidism resolved with calcium and vitamin D supplementation. 
The patient declined osteoanabolic therapy and was most amena-
ble to treatment with zoledronic acid. His bone density 
 demonstrated significant improvements at the spine and hip sites 
after two infusions. He has been able to remain off prednisone for 
the past 2 years. He has not sustained any fractures during ther-
apy. The plan is to treat with zoledronic acid 5 mg IV annually for 
up to 6 years due to the HORIZON-PFT extension trial demon-
strating benefit for morphometric vertebral fractures with up to 
6 years of annual therapy [34].

1 Challenges in Screening and Diagnosis of Osteoporosis
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Clinical Pearls/Pitfalls
• A diagnosis of osteoporosis can be made in the setting of 

a fragility fracture, defined as a fracture occurring from a 
force equivalent to a fall from standing height or less.

• It is preferable to make a diagnosis of osteoporosis in a 
patient prior to the occurrence of fracture through bone 
density testing using dual-energy X-ray absorptiometry 
(DXA).

• The National Osteoporosis Foundation guidelines rec-
ommend DXA screening for (1) women ≥65  years of 
age; (2) men ≥70 years of age; and (3) men and post-
menopausal women ≥50 years of age with at least one 
risk factor for fracture. Risk factors include previous 
fracture, long-term glucocorticoid therapy, low body 
weight, family history of hip fracture, cigarette smoking, 
and excess alcohol intake.

• Identification of a previously undetected vertebral frac-
ture can change the diagnosis of a patient to osteoporo-
sis.

• The International Society for Clinical Densitometry rec-
ommends screening for vertebral fractures in patients 
with a T-score ≤1.0 if any one or more of the following 
are present: (1) women ≥70 years or men ≥80 years; (2) 
historical height loss of >4  cm (>1.5 inches); (3) self-
reported but  undocumented history of vertebral fracture; 
and (4) glucocorticoid therapy ≥5 mg of prednisone or 
equivalent for ≥3 months.
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Nutrition and Lifestyle 
Approaches to Optimize 
Skeletal Health

Joanne Bruno and Melissa Sum

 Case Presentation

A 68-year-old woman with no significant past medical history is 
found to have osteopenia on a bone density screening.

She had no personal or family history of bone fractures. 
Menstrual history was notable for menarche at age 13, regular 
menses, menopause at age 52, and no children. She took cholecal-
ciferol 1000 IU daily. Her dietary calcium included one serving of 
calcium- rich food per week. She exercised 6 days/week, which 
consisted of a combination of walking, yoga, and Pilates.

Her physical exam was unremarkable. Laboratory evaluation 
for secondary causes of osteopenia showed normal comprehensive 
metabolic panel, thyroid function testing, and parathyroid hor-
mone levels. Her 25-hydroxyvitamin D level was 30.2 ng/mL. The 
patient’s recent bone density scan was significant for the following 
T-scores: lumbar spine −1.6, femoral neck −1.3, and total hip −0.9 
with significant declines in the spine and total hip compared to 
2  years ago. Her FRAX score estimated 10-year risks of major 
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osteoporotic fracture and hip fracture to be 9.3% and 1.1%, respec-
tively, not meeting criteria for pharmacologic treatment.

The patient inquired about lifestyle changes to optimize her 
bone health.

 Management

 Nutrition

Calcium and vitamin D are the most prominent supplements stud-
ied with regard to bone health. In healthy bone, bone formation 
and resorption occur in concert without significant net change in 
bone mass. Dysregulation of calcium and vitamin D metabolism 
impacts these pathways and can result in bone pathology. Other 
essential nutrients such as vitamin K and strontium have also been 
investigated for their role in bone metabolism. This section 
reviews the data involving these nutrients and bone health 
(Table 2.1).

As an essential element, calcium enters the body solely through 
dietary means and is incorporated into bone as calcium hydroxy-
apatite, which enhances bone strength. Calcium absorption in the 
gut and excretion via both intestinal and renal mechanisms are 
regulated via a hormonal system that utilizes parathyroid hor-
mone, calcitriol, ionized calcium, and the calcium-sensing recep-
tor (CaSR) to maintain calcium homeostasis [4]. The most 
common cause of absorptive hypocalcemia is vitamin D defi-
ciency, as vitamin D is essential for facilitating intestinal calcium 
uptake [5]. Both chronic hypocalcemia and chronic vitamin D 
deficiency result in persistently elevated parathyroid hormone lev-
els, causing excessive bone resorption and ultimately bone loss if 
untreated [6].

While it is undisputed that calcium and vitamin D deficiency, 
especially during adolescence, result in bone pathology, their role 
in postmenopausal osteoporosis is less clear [7]. To date, most 
professional organizations have based their guidelines for optimal 
calcium intake on calcium balance studies, which explore the 
amount of calcium intake required to achieve neutral calcium 
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 balance [8]. One recent study reports that calcium balance can be 
maintained across a wide range of dietary calcium intake: 415–
1740 mg/day [9], which suggests a robust internal mechanism for 
maintaining calcium homeostasis and calls into question the role 
of supplementation if an individual’s dietary intake falls within 
this range [9]. The relationship between calcium balance and 
bone density or fracture risk has not been proven; thus, the clini-
cal implications of these studies have yet to be determined.

Despite this, establishing the effect of calcium and vitamin D 
on bone health carries great clinical significance. A number of 
prospective cohort studies designed to investigate the impact of 
calcium intake on bone loss have been completed, with the major-
ity showing no relationship between the two at any site [7]. The 
United States Preventive Services Task Force (USPSTF) 2018 
guidelines reviewed 8 randomized clinical trials examining the 
effects of vitamin D, calcium, or combined supplementation on 
primary prevention of fractures in postmenopausal women with-
out a known disorder related to bone metabolism [10]. Of the four 
studies that examined the role of vitamin D supplementation 
alone, two evaluated daily doses of 400  IU or less and two 
 evaluated higher dose supplementation [10]. One of the studies 
using high-dose vitamin D supplementation found a significant 
reduction in total fractures, while the others showed no significant 
difference [10]. Two studies that examined the role of calcium 
supplementation found no significant differences in fracture out-
comes, though these studies were not adequately powered to 
detect differences [10]. The combined vitamin D/calcium supple-
mentation trials also had mixed results, with the larger Women’s 
Health Initiative trial finding no statistically significant difference 
in fracture risk and a smaller trial finding a significant reduction in 
nonvertebral fractures with vitamin D and calcium supplementa-
tion [10]. Given the lack of overwhelming positive data to support 
calcium and vitamin D supplementation in the general population, 
the USPSTF recommends against routine calcium and vitamin D 
supplementation in those without specific indications [10].

In contrast, supplementation for individuals with metabolic 
bone diseases such as osteoporosis or vitamin D deficiency is ben-
eficial. In a meta-analysis of 107 randomized controlled trials 
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examining the efficacy of various pharmacological therapies for 
postmenopausal women with primary osteoporosis, combined 
calcium and vitamin D supplementation significantly reduced the 
risk of hip fracture (RR 0.81) compared to placebo [6]. Calcium 
supplementation alone had no significant effect on fracture risk 
[6]. The doses of calcium and vitamin D used in these trials varied 
significantly, ranging from 400 to 300,000 IU of vitamin D daily 
and 1–1.2 g of calcium daily, so the optimal dose range remains 
unclear [6]. Similarly, the DIPART study, a meta-analysis of seven 
major randomized trials that looked at the effects of vitamin D 
supplementation, either alone or combined with calcium, found 
that trials using vitamin D (400–800 IU daily) with calcium (1 g 
daily) showed a reduced risk of overall fracture (HR 0.92) and hip 
fracture (HR 0.84), whereas using vitamin D alone at doses of 
either 400 or 800 IU daily had no significant effects on fracture 
risk [11]. One theory is that that combination therapy more effec-
tively treats secondary hyperparathyroidism. Nearly all recent tri-
als involving pharmacological therapies for osteoporosis use 
calcium and vitamin D supplementation in their study design, and 
so the antifracture efficacy of these medications is predicated on 
the concurrent use of these supplements [1]. Thus, any treatment 
regimen for osteoporosis should include adequate intake of cal-
cium and vitamin D to simulate trial conditions.

Endocrine Society recommends a daily calcium intake of 
1200  mg/day for postmenopausal women with osteoporosis, 
including both supplemental and dietary calcium, with preference 
for dietary intake [1]. This daily calcium intake should be con-
sumed in smaller doses throughout the day as absorption can 
decline as the amount of elemental calcium consumed at once 
increases, with optimal absorption at doses ≤500  mg [8]. 
Supplemental calcium use upward of 1000  mg/day has been 
linked to increased risk of renal calculi [1]. There has also been 
recent speculation as to whether calcium supplementation is asso-
ciated with increased risk of cardiovascular disease [1]. The larg-
est study to date exploring this is the Women’s Health Initiative, 
which randomized 36,282 healthy postmenopausal women to 
receive either calcium carbonate 500 mg with vitamin D 200 IU 
twice per day or placebo and found no differences with regard to 
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incidence of myocardial infarction, coronary heart disease death, 
or stroke [12]. However, approximately 50% of participants in 
this study were taking personal (non-protocol) calcium and vita-
min D supplements at randomization and were allowed to con-
tinue the use of these supplements in addition to study medications, 
potentially obscuring any positive results [13]. When the data was 
reanalyzed to exclude women who were taking calcium supple-
ments prior to randomization, a positive interaction was found 
between calcium/vitamin D supplementation, myocardial infarc-
tion (HR 1.22, P = 0.05), and stroke (HR 1.16, P = 0.05) [13]. 
However, when daily supplement intake was stratified according 
to reported dose, no dose relationship was found between any of 
these endpoints [13]. Additionally, no relationship was found 
between increased dietary intake of calcium and incidence of car-
diovascular disease [13]. Given that association does not prove 
causation, additional research is needed to investigate whether 
there might be a causative relationship between calcium supple-
mentation and cardiovascular disease. Until those data are avail-
able, discretion should be used regarding recommendation of 
calcium supplementation, with a preference toward  recommending 
dietary calcium. In postmenopausal women with low bone min-
eral density and at high risk of fracture with osteoporosis, vitamin 
D supplementation should be titrated to achieve a goal 
25-hydroxyvitamin D level of at least 30 ng/mL per Endocrine 
Society guidelines or 20 ng/mL per European guidelines, with a 
dose of 1000 IU daily usually being sufficient to meet these tar-
gets [1, 14]. Vitamin D-rich foods include oily fish, red meat, 
liver, and egg yolks, as well as other fortified foods.

Vitamin K is another essential nutrient that has been impli-
cated in bone health. It naturally occurs in a wide variety of foods 
including leafy greens, carrots, tomatoes, legumes, peas, red 
meat, and tuna. In addition to its established role in blood coagu-
lation, it is thought to also be important for promoting osteoblast- 
to- osteocyte transition and for limiting osteoclastogenesis through 
its action as a cofactor for carboxylation of bone matrix proteins 
[15]. Newer data also suggest a role for vitamin K in regulating 
the transcription programs underlying osteoblastogenesis and 
osteoclastogenesis [16]. A subset of studies have shown a positive 
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effect of vitamin K supplementation on BMD at doses of 100 
mcg/day in healthy postmenopausal women, specifically at the 
lumbar spine [17]. However, others have also shown no effect of 
vitamin K supplementation on bone mineral density at higher 
supplement doses [15]. Data on the efficacy of vitamin K supple-
mentation in lowering fracture risk is similarly mixed. A meta- 
analysis of seven trials investigating the relationship between 
fractures and vitamin K showed that vitamin K supplementation 
appeared to reduce hip (OR 0.23, 95% CI, 0.12–0.47), vertebral 
(OR 0.40; 95% CI, 0.25–0.65), and nonvertebral fracture risk (OR 
0.19; 95% CI, 0.11–0.35), though most of these positive effects 
were attributed to just one of the included studies [18], whereas 
multiple other studies have shown no effect of vitamin K supple-
mentation on fracture risk [15]. The majority of studies investigat-
ing vitamin K supplementation were completed in Asia, and in 
Japan it has been approved for use in the prevention and treatment 
of osteoporosis [19]. Few studies were performed in other popula-
tions. Given variability in study design, vitamin K formulation 
and dosage, and study population selection, it is difficult to draw 
any strong conclusions on vitamin K usage for bone health.

Strontium ranelate is a trace element found in seawater and 
soil. It is chemically similar to calcium and can mimic calcium’s 
physiologic actions including binding to the calcium-sensing 
receptor on osteoblasts and osteoclasts, promoting osteoblast for-
mation and activity, and inhibiting osteoclast activity and survival 
[20]. Two major phase III clinical trials have examined the role of 
strontium ranelate supplementation in postmenopausal women 
with osteoporosis. One investigated the effects of strontium 
ranelate treatment on the risk of vertebral fractures, and the other 
examined its effects on nonvertebral fractures [21, 22]. Both stud-
ies utilized a strontium ranelate dose of 2  g/day and followed 
study participants over 3 years. The first study found that treat-
ment with strontium ranelate resulted in a decrease in new verte-
bral fractures (RR 0.59, 95% CI 0.48–0.73) as well as a statistically 
significant increase in bone mineral density in both the lumbar 
spine and the femoral neck (14.4% and 8.3%, respectively) [21]. 
The second study found that treatment with strontium ranelate 
resulted in relative risk reduction of nonvertebral fractures by 
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16% and reduction in major fragility fractures by 19%; it also 
significantly increased bone mineral density at the femoral neck 
and total hip (8.2% and 9.8%, respectively) [22]. Both studies 
reported a similar incidence in adverse events between the treat-
ment and placebo groups. While it is not currently approved for 
use in the United States, strontium ranelate is used as a prescrip-
tion drug in other areas of the world for treatment of post- 
menopausal osteoporosis. However, it has been associated with 
increased risk of venous thromboembolism, pulmonary embo-
lism, and myocardial infarction, and in countries where it is 
approved, its use is now restricted to those with severe osteoporo-
sis without other treatment options [3].

 Lifestyle

Modifiable lifestyle factors such as exercise and physical activity 
have also been shown to affect adult peak bone mass via a positive 
effect of mechanical loads on osteogenesis [23]. A systematic 
review of prospective cohort studies found positive associations 
between physical activity and BMD, especially at weight-bearing 
sites [23]. Additionally, more frequent positive associations were 
seen when physical activity was maintained from adolescence 
through adulthood than when it was isolated, indicating the 
importance of consistency over an individual’s lifespan [23].

Additional questions regarding exercise type and frequency to 
optimize bone health remain [23, 24]. This is in part due to high 
levels of heterogeneity among studies. Based on the above data, it 
makes sense that exercise programs aiming to improve bone 
health should target load-bearing regions of the skeleton, includ-
ing weight-lifting exercises such as leg presses, leg extensions, 
leg curls, and squats as well as high-impact exercises such as 
jumping, running, and stair climbing [25] (Fig.  2.1). Specific 
exercise regimens must accommodate an individual patient’s fall 
risk and exercise tolerance [25]. At least 2–3 days of exercise per 
week for at least 30–60 minutes per session are recommended, or 
as much as can be tolerated [25]. Dynamic loading exercises of 
short load duration that are nonrepetitive in load direction (i.e., 
tennis, high-intensity interval training, jumping, tumbling) may 
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Fig. 2.1 An exercise regimen consisting of a combination of strength train-
ing, high-impact activities, and flexibility training is beneficial for bone 
health and fracture prevention. (Images used per Canva.com’s Free Media 
License Agreement)

be more effective than static loading exercises with repetitive 
motions of longer duration [25, 26] (Fig. 2.1). Additionally, exer-
cise regimens that enhance balance and flexibility such as yoga, 
Pilates, and Tai Chi are thought to help in fall prevention [26] 
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(Fig. 2.1). While these interventions have the highest impact when 
implemented during childhood and adolescence, they likely have 
some beneficial effects even in elderly adults [26].

Other modifiable risk factors for optimizing bone health 
include abstaining from cigarette smoking and limiting alcohol 
use, as the former has been clearly associated with decreased bone 
density and the latter increases risk of falls [24]. Thus, all patients 
should undergo screening for substance use and appropriate coun-
seling if indicated.

 Outcome

The patient was counseled to increase intake of calcium-rich 
foods in order to meet the recommended daily dose of 1200 mg 
calcium/day for those with metabolic bone disease. If she were to 
be unable to meet the goal from dietary intake, calcium supple-
mentation would be considered. She continued her daily vitamin 
D supplement. She was also instructed to add high-intensity inter-
val training into her exercise regimen, if possible, and to discuss 
her progress in 6 months with a plan to repeat bone density mea-
surement in 2 years.

Over the subsequent 6 months, the patient was able to increase 
her calcium intake to three servings of calcium-rich foods per day 
(8 oz milk, 6 oz yogurt, 1.5 oz cheese). She also started a home 
exercise program that included a combination of high-intensity 
interval training, yoga, Pilates, and weight lifting. Her bone den-
sity will be repeated in 18 months.

Clinical Pearls/Pitfalls
• Calcium and vitamin D play a critical role in bone devel-

opment and homeostasis with sufficient intake being 
critical during adolescence for maintaining normal bone 
physiology. However, in healthy adults, supplementation 
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with calcium and/or vitamin D has not been shown to 
have a positive effect on bone health and is not routinely 
recommended.

• In patients with underlying metabolic bone disease, 
combined calcium and vitamin D supplementation is 
recommended to achieve daily calcium intake of 
1200 mg/day (in divided doses) and 25-hydroxy vitamin 
D levels of 20–30 ng/mL. Calcium intake should occur 
primarily through dietary means as supplemental cal-
cium pills have been associated with an increased risk of 
renal calculi and possibly increased cardiovascular risk.

• Vitamin K and strontium ranelate are posited to have a 
positive effect on bone health and are approved for use in 
treatment of osteoporosis in various parts of the world; 
however, more  studies are needed to further clarify their 
effectiveness, risks, and optimal dosage.

• Physical activity has a positive effect on bone structure 
with the greatest benefits seen on load-bearing joints and 
when exercise is sustained over the lifespan. A combina-
tion of strength training, high-impact activities, and 
exercises that emphasize flexibility and/or balance have 
all been shown to be beneficial for bone health and frac-
ture prevention.
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 Case Presentation

A 51-year-old Brazilian perimenopausal woman presented to the 
emergency department with right wrist pain after a fall from 
standing height. Right wrist radiographs confirmed a distal radius 
fracture associated with ulnar styloid fracture, successfully treated 
by closed reduction and cast immobilization. Her stature was 
172 cm, with a body weight of 71.4 kg, and a body mass index 
(BMI) of 24.1  kg/m2. Her physical examination was otherwise 
unremarkable. Her medical history included hypertension, dyslip-
idemia, impaired glucose tolerance, and vitiligo. She was 
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 compliant with atenolol, hydrochlorothiazide, and simvastatin. 
Her family history was positive for type 2 diabetes, but negative 
for fractures. She denied smoking or alcohol consumption, and 
her diet was low in calcium. The patient’s menopause occurred 
approximately 6 months after her first evaluation, at the age of 52, 
but she did not have significant hot flashes or other bothersome 
menopausal symptoms.

Initial workup revealed a bone mineral density by DXA in the 
osteopenic range, with a T-score of −2.3 at the lumbar spine, −2.3 
at the femoral neck, and −2.1 at the total hip. Trabecular bone 
score (TBS) was low at 1.11. Secondary causes of osteoporosis 
were excluded based on extensive laboratory evaluation that 
included complete blood count, serum calcium, phosphate, total 
protein, albumin, liver enzymes, alkaline phosphatase, creatinine, 
25-hydroxyvitamin D, intact parathyroid hormone, TSH, tissue 
transglutaminase antibodies, and urinary calcium. The bone 
resorption marker, serum C-terminal telopeptide (CTX), was 
0.447 ng/mL (reference range for premenopausal women: 0.025–
0.573 ng/mL). Spine radiographs did not show vertebral fractures.

The patient’s 10-year fracture probability was calculated 
using the Fracture Risk Assessment Tool (FRAX) with 
BMD. The TBS- adjusted FRAX was also assessed. The risks of 
major osteoporotic fracture (MOF) and hip fracture were, 
respectively, 7.4% and 1.8%, and after adjusting for TBS, 12% 
and 3.7% (Fig. 3.1). The 10-year probability of MOF and hip 
fractures exceeded the country-specific intervention thresholds 
by 20%, using both FRAX and TBS-adjusted FRAX, which 
would identify this patient as having a very high risk of fracture. 
Thus, despite the BMD in the osteopenic range, pharmacologic 
therapy with alendronate was recommended based on her his-
tory of prior fragility fracture and the finding of a very high frac-
ture risk by FRAX. She was also counseled to keep an active 
lifestyle, including weight- bearing exercises, to adopt fall pre-
vention strategies, and to increase her intake of calcium to 
1200  mg/day from diet and supplements. Vitamin D supple-
ments were also indicated to maintain her serum level of 
25-hydroxyvitamin D above 30 ng/mL.
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Major osteoporotic fractures Major osteoporotic fractures

Hip fractures Hip fractures

Age (years) Age (years)

Age (years) Age (years)

Low risk High risk

Intervention threshold

FRAX with BMD FRAX adjusted for TBS

Fig. 3.1 Output of FRAX Brazil v4.2 (a), adjusted for TBS (b). Age-specific 
10-year probability of major osteoporotic fracture (c, d) and hip fracture (e, f) 
for Brazilian women, as proposed by the UK National Osteoporosis Guide-
line Group (NOGG). The line denotes intervention thresholds for Brazilian 
women, which at the age of 51 years corresponds to 5% for major osteopo-
rotic fractures and 0.7% for hip fractures. Dots represent, respectively, major 
osteoporotic and hip fracture probabilities of 7.4% (c) and 1.8% (e) using 
FRAX with BMD, and 12% (d) and 3.7% (f), using the TBS-adjusted 
FRAX. It is noted that the 10-year probabilities of fractures exceed the inter-
vention thresholds by 20%, using both FRAX and TBS-adjusted FRAX. BMD, 
bone mineral density; BMI, body mass index; TBS, trabecular bone score; 
FRAX, Fracture Risk Assessment Tool
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 Assessment and Diagnosis

This patient experienced a typical osteoporotic fracture despite 
having a BMD by DXA in the osteopenic range. In fact, although 
low BMD is a strong predictor of fracture, most individuals with 
fragility fractures have BMD values that do not fall within the 
osteoporotic range [1, 2]. Thus, skeletal and extraskeletal risk fac-
tors that contribute to overall fracture risk should be identified to 
better select patients for treatment.

Among extraskeletal features, readily assessable clinical risk 
factors contribute to fracture risk, independently of BMD, and 
have been incorporated in risk assessment tools to calculate an 
individual’s probability of fracture. FRAX is the most widely 
used and comprehensively evaluated risk assessment tool cur-
rently available [3]. It integrates the following risk factors: age, 
BMI, sex, previous fragility fracture, parental history of hip frac-
ture, smoking, prolonged glucocorticoid use, rheumatoid arthritis, 
excessive alcohol consumption, and other causes of secondary 
osteoporosis. FRAX was developed through a series of meta- 
analyses of prospective cohort studies from Europe, North 
America, Asia, and Australia including more than 40,000 indi-
viduals. Its ability to predict fractures has been validated in inde-
pendent cohorts [4–6]. FRAX incorporates the risk of fracture 
with risk of death, and country-specific FRAX calculators have 
been developed to account for geographical variations in fracture 
incidence and mortality [7]. The tool estimates 10-year probabili-
ties of major osteoporotic fractures (clinical spine, hip, distal fore-
arm, and proximal humerus) and hip fractures, in individuals 
between the ages of 40 and 90 years [7].

FRAX does not directly yield an indication for treatment [8]. 
The estimated FRAX-probability of fracture needs to be inter-
preted, and thresholds set above which pharmaceutical interven-
tion is justified. To this end, the cost-effectiveness of a therapy can 
be considered to set the intervention threshold. Alternatively, the 
threshold can be clinically derived and then validated using a 
cost-effectiveness analysis [8]. The approach to set the threshold 
varies across the world. The National Osteoporosis Foundation in 
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the United States recommends treatment for those with BMD in 
the osteopenic range associated with a 10-year FRAX-probability 
of major osteoporotic fractures ≥20% or hip fracture ≥3% from a 
cost-effectiveness analysis [9]. In contrast, the UK National 
Osteoporosis Guideline Group (NOGG) developed its guidance 
on the basis of clinical appropriateness, setting the threshold at 
the age-specific 10-year FRAX-probability of fracture equivalent 
to women having already sustained a fracture. This approach has 
also been shown to be cost-effective, being adopted in many 
countries, particularly in Europe and Latin America [7, 8].

The probability of fracture can be estimated with or without 
femoral neck BMD [7]. When the assessment is made without 
BMD, fracture probability will be categorized as low, intermedi-
ate, or high. Patients with intermediate risk of fracture should 
undergo a DXA test, whereas patients with high fracture risk 
should be considered for treatment. When the assessment is made 
with BMD, two categories will be defined, namely, low and high 
fracture risk. Recently, the International Osteoporosis Foundation 
(IOF) and the European Society for Clinical and Economic 
Evaluation of Osteoporosis and Osteoarthritis (ESCEO) pub-
lished an algorithm that further divide the high-risk category into 
high- and very-high-risk classifications [10]. To this end, a frac-
ture probability that exceeds the intervention threshold by 20% 
would identify individuals with very high risk of fracture [7, 10]. 
The patient reported here had a history of previous fragility frac-
ture, which according with the majority of guidelines worldwide 
can be considered for treatment without the need for further risk 
assessment. However, her 10-year probability of fracture was fur-
ther assessed by FRAX. Interestingly, although the patient’s BMD 
was not in the osteoporotic range, her 10-year probability of frac-
ture exceeded the country-specific intervention threshold by 20%, 
identifying this patient as having a very-high risk of fracture [10]. 
This approach could not only define the need for pharmacological 
intervention but also guide the choice of the initial anti- 
osteoporotic agent and the duration of therapy [9, 10].

Additional fracture risk tools such as Garvan Fracture Risk 
Calculator and QFracture risk calculator are also available, but 
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they were developed based on data from single countries, limiting 
their use worldwide [11, 12].

In addition to clinical risk factors, skeletal features other than 
areal BMD contribute to overall fracture risk. Bone geometry, 
microarchitecture, microdamage, rate of bone turnover, and min-
eralization contribute to bone strength and risk of fracture [13–
15]. However, methodologies that evaluate bone strength 
independent of BMD are not readily available, being currently 
used as research tools. A major challenge, therefore, has been to 
develop a clinically available tool that permits evaluation of skel-
etal structure beyond BMD by DXA. To this end, TBS was devel-
oped as another approach for assessing skeletal bone structure 
noninvasively from DXA projection images [16]. TBS (unitless) 
is a gray-level texture measure that provides an indirect index of 
bone architecture [17, 18]. It is measured at the lumbar spine with 
specialized software (TBS iNsight®, MedImaps) that uses the 
same region of interest as for conventional BMD measurement 
[19]. Of note, TBS can be artefactually reduced by excessive 
abdominal soft tissue [20, 21] and should not be measured in indi-
viduals with BMI outside of the range 15–37 kg/m2 [17].

TBS predicts the risk of fracture independent of BMD by DXA 
and clinical risk factors [22–26]. The International Society for 
Clinical Densitometry (ISCD) and the ESCEO support the use of 
TBS to assess fracture risk in postmenopausal women and older 
men [27, 28]. However, although a low TBS is associated with 
greater risk of fracture, a TBS threshold to initiate treatment has 
not been defined, and TBS should not be used as a single measure-
ment to guide treatment decisions [27]. Alternatively, TBS can be 
entered in the FRAX calculator online, allowing for the calcula-
tion of TBS-adjusted 10-year probability of fracture, assisting in 
treatment decisions (Fig. 3.1). In general, the use of TBS to adjust 
the FRAX score has a lower impact with increasing age, and a 
greater clinical effect in those patients who are close to the inter-
vention threshold by FRAX without TBS [19].

There is no consensus regarding what represents low versus 
normal TBS values, but a metanalyses involving 17,809 men and 
women from 14 prospective population-based cohorts from North 
America, Asia, Australia, and Europe described TBS thresholds 
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of 1.23 and 1.31 using a tertile analysis. Patients whose TBS was 
lower than 1.23 presented a high fracture risk, while those with 
TBS between 1.23 and 1.31 had an intermediate risk, and indi-
viduals with TBS greater than 1.31 had the lowest fracture risk. 
The patient reported here had a TBS of 1.11, which would indi-
cate a high fracture risk. The use of TBS to adjust the FRAX score 
in this case increased the 10-year probability of MOF by 62% and 
doubled the risk of hip fracture calculated by FRAX) without 
TBS (Fig. 3.1).

 Management

According to the recently published Endocrine Society (ES) 
guidelines for the management of osteoporosis in postmenopausal 
women, the patient presented here would be considered at high 
risk for fracture and could be treated with a bisphosphonate [29, 
30]. Women with vertebral fractures associated with a BMD 
T-score in the osteoporotic range are at very high risk of fracture 
and may be treated with bone-forming agents as the initial therapy 
[29, 30]. Accordingly, the IOF/ESCEO and the American 
Association of Clinical Endocrinologists (AACE) guidelines also 
support the use of osteoanabolic agents as the first line of treat-
ment in such patients [9, 10]. There are differences between the 
guidelines with regard to classification of patients at very high 
risk. The AACE guideline suggests that patients at very-high risk 
of fracture include those with recent fracture (within the past 
12 months), those who have fractures while on approved osteopo-
rosis therapy, history of multiple fractures, fractures while on 
drugs that increase fracture risk (e.g., long-term glucocorticoids), 
those with a very low T-score (e.g., <−3.0), high risk of falls or 
history of injurious falls, and those with a very-high fracture prob-
ability by FRAX [9]. Similarly, the IOF/ESCEO guidelines use 
the FRAX score to categorize the risk of fracture, such that 
patients with a 10-year fracture probability that exceeds the inter-
vention threshold by 20% would be classified at very high risk 
[10]. This is the case for the patient presented here, so that one 
could argue that she should have been treated with an osteoana-
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bolic agent. However, the  evidence supporting the superiority of 
anabolic agents over antiresorptive agents in reducing fracture 
risk was demonstrated in patients with very high fracture risk due 
to the presence of previous vertebral fractures and/or prolonged 
glucocorticoid use [31–33]. These risk factors were absent in the 
patient presented here, and initial treatment with alendronate was 
supported by the ES guidelines [29, 30].

The patient’s treatment was monitored using BMD by DXA 
and serum CTX, whereas TBS was not reassessed. The 2019 
ISCD Position Development Conference concluded that the role 
of TBS in monitoring antiresorptive therapy is unclear [34]. 
Several studies have shown minimal changes in TBS in patients 
treated with bisphosphonates or denosumab for up to 3  years, 
with the majority of patients presenting a TBS improvement 
much lower than the least significant change [27, 34]. The use of 
TBS for monitoring patients on osteoanabolic therapy may be 
useful [27].

Some guidelines recommend FRAX reassessment in patients 
on bisphosphonates to define the duration of treatment and sug-
gest a drug holiday in individuals whose FRAX risk falls below 
the intervention threshold [35]. This approach, however, has limi-
tations, since the 10-year FRAX-probabilities of fracture can be 
overestimated in patients on osteoporosis treatment [36].

 Outcome

The patient increased her calcium intake to 1200 mg/day, includ-
ing 500 mg of calcium supplements, started on vitamin D3 supple-
mentation to maintain 25-hydroxyvitamin D levels >30  ng/mL 
and was treated with alendronate 70 mg weekly. At approximately 
3  months on treatment, her serum 25-hydroxyvitamin D was 
31.8 ng/mL, and her serum CTX was at 0.165 ng/mL, represent-
ing a decline of 63% compared to the baseline measurement, indi-
cating a satisfactory level of compliance and good response to 
treatment. The BMD by DXA 1 year following treatment remained 
stable, with a nonsignificant change of +1.2% at the lumbar spine, 
and +2.2% at the total hip. The patient is now on year 4 of treat-
ment, without incident fractures.
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Clinical Pearls and Pitfalls
• Skeletal features other than BMD by DXA, as well as 

extraskeletal risk factors, contribute to overall fracture 
risk and should be identified to better select patients for 
anti-osteoporotic treatment.

• FRAX uses readily assessable clinical risk factors, with 
or without BMD, to estimate 10-year probabilities of 
major osteoporotic fractures and hip fractures, with the 
adoption of country-specific thresholds to guide treat-
ment decisions.

• FRAX can be used without BMD, although the use of 
clinical risk factors in conjunction with BMD improves 
fracture prediction, particularly in the case of hip frac-
tures.

• Limitations of FRAX include the lack of validation in 
patients on anti-osteoporotic treatment; the use of 
T-score at the femoral neck only, disregarding other sites 
(e.g., lumbar spine); lack of dose response for several 
risk factors (e.g., number of prior vertebral fractures); 
and the absence of important clinical risk factors such as 
history of falls.

• Trabecular bone score (TBS) is a gray-level textural 
measurement derived from lumbar spine DXA images 
that provides an indirect index of bone architecture and 
predicts the risk of fracture, independent of BMD by 
DXA and clinical risk factors.

• TBS can be entered into the FRAX calculator online, 
allowing for the calculation of TBS-adjusted 10-year 
probability of fracture, assisting in treatment decisions.

• The role of TBS in monitoring antiresorptive therapy is 
unclear.
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 Case Presentation

A 55-year-old woman is referred for newly diagnosed postmeno-
pausal osteoporosis, without previous fractures. She was simulta-
neously diagnosed with giant cell arteritis and advised to take 
prednisone 60 mg a day for 1 month by her rheumatologist, with 
a slow taper planned over the next 6 months. Her bone mineral 
density test showed her lowest T-score to be −2.9 at her lumbar 
spine, with her hip T-scores ranging from −2.1 at her left femur 
neck to −2.5 at her right total hip site.

She has not previously taken antiresorptive or osteoanabolic 
therapy. She underwent spontaneous menopause at age 48 years 
and did not take hormone therapy due to lack of hot flashes. Her 
comorbidities include significant gastroesophageal reflux disease 
(GERD) not responding to omeprazole, celiac disease on a gluten- 
free diet, and hypertension on metoprolol and lisinopril.

Her total daily calcium intake is 1200 mg elemental calcium 
through her dietary intake of 600 mg elemental calcium and sup-
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plemental calcium citrate 600 mg once a day. She takes vitamin 
D3 1000  IU once a day. Her laboratory studies show normal 
serum calcium, phosphorus, creatinine, eGFR, parathyroid hor-
mone, and 25-hydroxyvitamin D levels. She exercises by walking 
2 miles every day.

Given her high risk of future fracture, with anticipated high- 
dose glucocorticoid therapy for at least 6 months, and other medi-
cal comorbidities of GERD and celiac disease, consideration is 
given to antiresorptive therapy.

 Management

Bone strength may be profoundly affected by a variety of medica-
tions that produce a negative balance in bone remodeling, leading 
to disproportionate resorption compared to bone formation, and 
enhanced fracture risk. Drug-induced fragility fractures may 
occur at different times or sites compared to those more typically 
seen in postmenopausal osteoporosis. Drug-induced osteoporosis 
may be more challenging to prevent or manage effectively because 
the offending agent(s) often cannot be replaced with equivalent 
drugs that have neutral effects on bone. This chapter focuses on 
glucocorticoids, aromatase inhibitors, and other common medica-
tions known to contribute to bone loss or fractures. This informa-
tion may help improve clinical care of many patients, especially 
in primary care settings.

 Glucocorticoids

Glucocorticoid-induced osteoporosis (GIOP) is the most frequent 
cause of secondary osteoporosis. Glucocorticoids are normally 
used to treat a wide variety of chronic medical conditions. In the 
United States, it is estimated that 1.0% of the population (2.5 mil-
lion people) aged 20 years or older routinely receive glucocorti-
coids [1]. Fragility fractures due to glucocorticoid exposure may 
also occur in the setting of endogenous glucocorticoid overpro-
duction by the adrenal glands in Cushing’s syndrome, both in 
overt and subclinical phenotypes [2].
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Bone quality, in addition to bone mineral density, is affected in 
glucocorticoid-treated patients. Decreased bone formation with 
an imbalance toward bone resorption are thought to be the main 
mechanisms sustaining bone loss over time, with osteoblast and 
osteocyte apoptosis observed at the cellular level. Osteoclast 
recruitment increases during the first 6–12 months of exposure, 
leading to a transient increase in bone resorption soon after ther-
apy is started. At the molecular level, increased release of receptor 
activator of nuclear factor kappa-B ligand (RANKL) by osteo-
blasts increases the RANKL/osteoprotegerin ratio above 1.0, 
leading to progressive stimulation in osteoclast activity and 
increased bone turnover. Glucocorticoid therapy causes persis-
tently decreased bone formation during prolonged use. The com-
bination of these effects leads to significant and rapid bone loss.

These changes may be monitored using bone turnover markers. 
Knowledge of these markers may help guide treatment of patients 
with either antiresorptive or osteoanabolic agents. N- terminal pro-
peptide of type 1 collagen and bone-specific alkaline phosphatase 
are serum markers of osteoblast activity that are usually decreased 
during long-term glucocorticoid treatment, and that increase after 
withdrawal of glucocorticoid therapy. These markers also increase 
markedly in response to osteoanabolic therapy. By contrast, serum 
C-telopeptide is expected to moderately increase during the first 
several months of glucocorticoid administration, and then return to 
normal with long-term therapy. Osteocalcin, a mixed marker of 
both bone formation and resorption, is typically low or suppressed 
during long-term glucocorticoid therapy. Sclerostin, produced by 
osteocytes and osteoblasts, is an inhibitor of the Wnt-signaling 
pathway that is usually decreased due to a reduction in osteocyte 
number caused by glucocorticoid therapy [3].

The detrimental effects of glucocorticoids on bone are rapid, 
thereby making bone density less useful in promptly identifying 
patients at high risk for fractures. However, BMD by DXA is still 
acknowledged to be the best tool for monitoring effectiveness of 
osteoporosis treatment. In GIOP, trabecular bone is affected more 
by glucocorticoid therapy than cortical bone. Recent advances in 
technology may aid in detecting early damage to the bone micro-
architecture. Trabecular bone score (TBS) has been shown to pre-
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dict fracture risk independently of DXA during glucocorticoid 
therapy. This proprietary software device (TBS Insight®, 
Medimaps, Meriganc, France) is used to assess skeletal microar-
chitecture by evaluating the gray-scale texture of lumbar spine 
DXA images. TBS has been included in the FRAX algorithm to 
further guide treatment decisions [4].

Dose, duration, and route of administration of glucocorticoids 
should all be considered when evaluating increased fracture risk 
in this setting. Vertebral fractures are the most common fractures 
reported in patients with GIOP.  Fracture risk is significantly 
increased as early as 3  months after the start of glucocorticoid 
therapy and peaks at around 12 months of therapy [1]. Fracture 
incidence decreases rapidly after cessation of glucocorticoids 
regardless of the preceding cumulative dose. Reduction in frac-
ture risk can be detected as early as 3–12 months after the discon-
tinuation of glucocorticoids. Daily dose of glucocorticoids is 
correlated to fracture risk. Patients receiving greater than 7.5 mg 
of prednisolone equivalent each day have more than a twofold 
increased risk of vertebral or hip fracture compared to those tak-
ing less than 2.5 mg each day. Patients receiving 2.5–7.5 mg of 
prednisolone equivalent each day may have at least a 50% increase 
in risk of vertebral and hip fractures compared to those taking less 
than 2.5 mg/day. Prednisolone equivalent doses as low as 2.5 mg 
per day have been associated with a relative risk of fracture of 
1.17 (95% CI; 1.10–1.25) for nonvertebral fractures, and 1.55 
(95% CI; 1.20–2.01) for vertebral fractures, although some of this 
increased risk may be due to systemic inflammation not fully sup-
pressed by low-dose glucocorticoid therapy [5].

Intermittent use of high-dose oral glucocorticoids (>15 mg/
day) has been associated with increased risk of fragility frac-
tures, but not specifically hip fractures, as long as the cumulative 
exposure remains less than 1.0 g. When cumulative exposure is 
>5  g, a substantial increase in fracture risk is seen in spite of 
intermittent exposure, more like what is seen with continuous 
daily treatment [6]. FRAX estimates are most accurate when 
doses of glucocorticoids range between 2.5 and 7.5 mg/day. To 
further improve accuracy, FRAX risk may be adjusted downward 
by 20%, or upward by 15%, if doses are below or above these 
thresholds [7].
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Optimization of calcium intake through diet and/or supple-
ments and maintenance of serum 25-hydroxyvitamin D > 30 ng/
mL are recommended during glucocorticoid therapy. The 2011 
National Academy of Medicine (previously the Institute of 
Medicine) report advised that the recommended daily allowance 
(RDA) of calcium be 1200 mg through diet and supplements and 
that the vitamin D RDA be 600–800 IU.

The Food and Drug Administration has approved five medica-
tions for treatment of GIOP based on improvements in BMD 
alone from placebo-controlled trials, without fracture data 
(Table 4.1). These drugs include oral alendronate 5 mg/day for 
men and premenopausal women, and 10 mg/day for postmeno-

Table 4.1 Therapeutic options for treatment of glucocorticoid- or aromatase 
inhibitor-induced bone loss

Treatment
Glucocorticoid-induced 
osteoporosis

Aromatase inhibitor- 
induced bone loss

Alendronate 10 mg 
po each day

Improves BMD and 
reduces vertebral fracture 
risk

Improves BMD

Risedronate 5 mg po 
each day

Improves BMD and 
reduces vertebral fracture 
risk

Improves BMD

Ibandronate 150 mg 
po each month

No data Improves BMD

Zoledronate 5 mg IV 
each year

Improves BMD Improves BMD when 
given as 4 mg IV twice 
each year

Denosumab 60 mg 
SC every 6 months

Improves BMD Improves BMD and 
reduces fractures 
(fractures independent 
of BMD)

Teriparatide 20 mcg 
SC each day

Improves BMD and 
reduces fracture risk

Not recommended

Abaloparatide 80 
mcg SC each day

No data available. 
Currently approved only 
for postmenopausal 
osteoporosis.

Not recommended

Romosozumab 
210 mg SC each 
month for 12 months

No data available No data available
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pausal women not receiving estrogen therapy; oral risedronate 
5 mg/day; intravenous zoledronic acid 5 mg once annually; sub-
cutaneously injected denosumab 60 mg every 6 months; and sub-
cutaneously injected teriparatide 20 mcg/day. No data are 
available as yet for abaloparatide or romosozumab in GIOP. At 
present, the high cost of these medications favors the bisphospho-
nates as first-line agents, although the pathophysiological mecha-
nisms causing GIOP justify more widespread use of PTH analogs 
as initial therapy [8].

 Aromatase Inhibitors and Other Endocrine 
Therapies in Breast Cancer

Up to one in eight women will develop breast cancer during their 
lifetime. Most breast cancers express estrogen receptors, and 
women with these cancers are therefore candidates for hormone 
therapy with medications that suppress the production or action of 
estrogens on estrogen receptors. Aromatase inhibitors (AIs), 
along with gonadotropin-releasing hormone (GnRH) analogs and 
tamoxifen, are the mainstays of hormonal treatment. All these 
drugs except tamoxifen in postmenopausal women have adverse 
effects on the skeleton, because they interfere with estrogen pro-
duction or estrogen signaling [9].

AIs inhibit the aromatase enzyme (CYP19A1), which converts 
androgens to estrogens within breast cancer cells. AIs also 
decrease estrogen production from adipose tissue, thereby reduc-
ing estrogen levels in the circulation by 80–95% in postmeno-
pausal women [10]. There are two types of AIs: steroidal 
(exemestane) and nonsteroidal (anastrozole and letrozole), 
depending on the chemical structure of the molecule. Exemestane 
yields an active metabolite, 17-hydroxyexemestane, which binds 
tightly to the androgen receptor, possibly causing signaling 
through the androgen receptor. To date there is no evidence 
whether this may attenuate the negative effects of this drug on 
bone metabolism. GnRH analogs act on the pituitary to inhibit the 
pituitary-gonadal axis, thereby decreasing release of luteinizing 
hormone and suppressing estrogen production by the ovaries. 
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Tamoxifen is a selective-estrogen receptor modulator (SERM), 
with antagonist properties on breast and cancer tissue. Management 
of estrogen receptor-positive breast cancer differs according to 
menopausal status.

In premenopausal women, the ovaries are the main source of 
estrogens, and the goal of cancer therapy is to suppress ovarian 
estrogen production with GnRH analogs, with subsequent treat-
ment with AIs to prevent non-ovarian estrogen production. In pre-
menopausal women, the use of tamoxifen has been associated 
with excessive bone loss due to interference with estrogen [11]. 
However, tamoxifen co-administered with GnRH analogs may 
partially attenuate GnRH analog-induced bone loss due to benefi-
cial effects of tamoxifen on bone in the absence of high circulat-
ing levels of endogenous estrogen [12].

There are limited data on spontaneous bone loss in young 
women undergoing menopause for reasons other than cancer che-
motherapy or oophorectomy. It appears that younger women 
undergoing menopause lose bone very rapidly, at a rate of up to 
10% per year, regardless of the underlying cause of estrogen 
deprivation [13]. Despite this, fracture data are lacking, possibly 
because this group is at lower baseline risk for fracture due to 
their younger age and possibly higher body mass index.

When AIs are used to treat premenopausal women, BMD loss 
is rapid at both the spine, with up to 11.3% loss over 36 months, 
and the hip, with up to 7.3% loss at 36 months [12].This observa-
tion has led to the recommendation to evaluate for bone loss even 
at younger ages and to monitor changes in BMD with sequential 
DXA.

In postmenopausal women, the goal of adjuvant cancer therapy 
is mainly to suppress non-ovarian estrogen production. This is 
successfully achieved with AIs, which are currently first-line ther-
apy. If these drugs are not tolerated, then tamoxifen is used to 
reduce the risk of breast cancer recurrence. Tamoxifen increases 
BMD, while AIs result in stimulation of bone resorption and con-
sequently bone loss. The effect of AIs on BMD in postmenopausal 
women is well characterized, although the lack of a control group 
without AI treatment limits the interpretation of fracture data 
compared to postmenopausal women of the same age. This may 
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partially explain some of the differences in management strate-
gies between European and American guidelines [14, 15].

Table 4.2 summarizes the major clinical trials conducted with 
AIs in postmenopausal women. It is important to note that AIs 
have mostly been compared to tamoxifen, which may magnify the 
perceived negative effect of AIs on bone loss or fractures because 
tamoxifen typically increases bone density. None of the clinical 
trials used fractures as a main endpoint, with fractures reported as 
adverse events. There was substantial heterogeneity of fractures 
across study groups, typically running at 5–10% at 5  years of 
treatment. In the first year of AI therapy, bone loss is higher than 
the expected physiological BMD loss for postmenopausal women, 
while further bone loss seems to slow somewhat thereafter. With 
longer treatment with AIs, fractures are expected to increase fur-
ther. This supports the use of antiresorptive agents early after ini-
tiation of AI therapy to prevent AI-induced bone loss. Data from 
the clinical trials may underestimate the real fracture incidence, 
because osteoporosis was often an exclusion criterion for study 
participation. However, a recent population-based study using the 
Manitoba registry in Manitoba, Canada, found that AI-treated 
women did not have substantially increased fractured risk [16]. 
More data on fractures in real-world settings are needed. Women 
starting AI therapy should be evaluated for bone loss and risk fac-
tors for fracture, treated accordingly, and monitored for bone loss 
periodically until they stop therapy.

While there is agreement that bone health should be evaluated 
in women starting treatment with AIs, consensus has not yet been 
achieved regarding the threshold for starting antiresorptive treat-
ment.

The 2020 guidelines by the European Society for Medical 
Oncology [14] support intervention in most AI-treated patients. 
Clinical risk factors and BMD are recommended to guide clini-
cians on whether to start antiresorptive therapy (see Table 4.1 for 
available medications). BMD T-scores below −2.0 are an indica-
tion for antiresorptive treatment. BMD T-scores below −1.5 
should be used to start treatment if accompanied by other clinical 
risk factors for fracture.
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In comparison, the 2019 guidelines by the American Society of 
Clinical Oncology [15] recommend starting antiresorptive treat-
ment if patients have osteoporosis or prior history of fractures, or 
if the FRAX estimates are ≥3% for hip fracture or ≥20% for 
major osteoporotic fracture in patients with osteopenia.

Both guidelines agree that women starting AI therapy should 
receive proper counseling regarding bone health and calcium and 
vitamin D intake. They both recommend that BMD should be 
monitored every 2 years, or more often if the results would influ-
ence clinical decisions.

Bone density tends to improve after AI treatment is completed. 
BMD tends to recover [12], although it may not return to baseline 
after prolonged treatment for more than 5 years (Fig. 4.1).

 Clinical Practice Points and Open Questions 
Regarding AIs

• There is no specific recommendation on the duration of antire-
sorptive therapy or whether bisphosphonate holidays should be 
considered, especially when patients may continue treatment 
with AIs for up to 10 years.

• Denosumab should always be followed by bisphosphonates to 
prevent rebound bone loss and/or vertebral fractures.

• The reasons for treatment with antiresorptive agents to prevent 
AI-induced bone loss should be explained to patients at the 
commencement of AI therapy.

• Bisphosphonates or denosumab may be used by oncologists 
adjunctively to help prevent skeletal metastasis of breast can-
cer in postmenopausal women [17].

 Other Medications Associated with Osteoporosis

Many other drugs have been associated with bone loss or frac-
tures, although most data are derived from observational studies, 
and causal association is more difficult to prove. However, all 
medications used by patients should be reviewed at diagnosis and 
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Fig. 4.1 Evolution of bone mineral density ((a) Lumbar spine, (b) Total hip) 
over time in patients sequentially treated with tamoxifen or letrozole in the 
BIG 1–98 trial. Age at study entry was 61 years. (Used with permission from 
Zaman et al. [24])
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during monitoring for treatment of osteoporosis. The negative 
impact of several common medications on bone metabolism is 
reviewed here, with a more comprehensive list of drugs associated 
with bone loss presented in Table 4.3.

Men treated with androgen deprivation therapy (ADT) are at 
risk for bone loss and fracture. GnRH analogs such as leuprolide 
and anti-androgenic therapies such as cyproterone acetate, flu-
tamide, and bicalutamide promote bone loss. Decreased endoge-
nous testosterone production causes a reduction in circulating 
estradiol levels as well. Deceased serum 17β-estradiol is strongly 
associated with BMD loss in men, as it is in women. Patients 
treated with ADT should have bone density testing at the start of 
therapy, with a full clinical evaluation for fracture risk. Men with 
prior fragility fractures, T-scores ≤ −2.5, or FRAX-estimated 
10-year hip fracture risk ≥3.0% or major osteoporotic fracture 
risk ≥20% should be treated with an antiresorptive medication. 
Bisphosphonates and denosumab have both been shown to  prevent 
bone loss in randomized clinical trials, with denosumab effective 
at lowering vertebral fracture incidence [18].

Proton pump inhibitors (PPIs) have been shown to increase 
risk of hip fractures. Increased fall risk, impaired calcium absorp-
tion from the intestines due to reduced stomach acid production, 
and reduced solubilization of calcium carbonate (but not calcium 
citrate) have been suggested as potential mechanisms [19]. The 
overall data are not sufficiently strong to recommend avoidance of 
PPI used in patients with osteoporosis being treated with an anti-
resorptive or osteoanabolic medication.

Selective serotonin receptor uptake inhibitors (SSRIs) have 
been reported to increase fracture risk and bone loss in both 
women and men. The underlying mechanism is not yet clear but 
may be related to inhibition of Wnt signaling [20] after interaction 
with LRP-5.

Certain antidiabetic medications have been associated with 
fractures. Thiazolidinediones (TZDs) activate adipose tissue 
PPAR-γ, thereby reducing insulin resistance. The exact mecha-
nism by which TZDs negatively affect the skeleton is unknown, 
but it is presumed related to inhibition of osteoblastic differentia-
tion, thereby impairing bone formation. It is advisable to avoid 
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Table 4.3 Medications associated with osteoporosis or osteomalacia

Type of bone 
damage Medication Mechanism

Bone loss Glucocorticoids Decreased bone formation; early 
transient increase in bone 
resorption, sustained chronic 
normal bone resorption

Aromatase inhibitors Inhibit aromatase (CYP19A1), 
which converts androgens to 
estrogens, thereby reducing 
circulating estrogen

Gonadotropin-releasing 
hormone (GnRH) 
analogues

Reduce GnRH release from the 
hypothalamus, suppressing 
LH- and FSH-induced activity in 
the ovaries (estrogen production) 
or testicles (androgen 
production). Estrogen levels 
from the ovaries or aromatase 
conversion are markedly reduced 
in both sexes

Medroxyprogesterone 
acetate

Negative feedback on the 
pituitary results in decreased 
estrogen production

Androgen deprivation 
therapy for prostate 
cancer

Suppresses androgen and 
estrogen levels. Effects on bone 
are due to estrogen depletion

Tamoxifen in 
premenopausal women

Competes with endogenous 
estrogens for the estrogen 
receptor

Thyroxine over- 
replacement

Increased bone turnover

Thiazolidinediones Activation of PPARγ increases 
marrow adiposity, increases 
insulin sensitivity, and reduces 
bone formation

Canagliflozin Uncertain, but higher rates of 
peripheral fractures (possibly 
increased falls)

Imatinib Unclear, prolonged use 
associated with 
hyperparathyroidism and 
hypophosphatemia

(continued)
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Table 4.3 (continued)

Type of bone 
damage Medication Mechanism

Calcineurin inhibitors Increase bone turnover, 
hypomagnesemia, hypercalciuria

Proton pump inhibitors/
H2 receptor blockers

Decrease dietary calcium 
absorption (and absorption of 
calcium carbonate supplements)

Loop diuretics Inhibit calcium reabsorption by 
the kidney

Selective serotonin 
receptor uptake 
inhibitors (SSRI)

Possible interference with Wnt 
signaling pathway

Heparin Unknown
Warfarin Thought to impair osteocalcin 

γ-carboxylation by inhibiting 
vitamin K-dependent γ-glutamyl 
carboxylase localized in 
osteoblasts. Gamma- 
carboxylation is essential for 
affinity of osteocalcin to bone 
matrix. Non-vitamin K 
antagonist oral anticoagulants 
are associated with lower risk of 
osteoporosis compared to 
warfarin

HIV (human 
immunodeficiency 
virus) therapy

Promotes osteoclastogenesis

Osteomalacia Antiepileptic drugs 
(phenobarbital, 
phenytoin, 
carbamazepine, and 
valproic acid)

Accelerate vitamin D 
metabolism in the liver by 
induction of CYP3A4 enzyme

Tenofovir 
(antiretroviral)

Phosphate wasting from the 
kidney due to acquired Fanconi’s 
syndrome: hypophosphatemia 
and mild 1,25-dihydroxyvitamin 
D deficiency result

Iron carboxymaltose 
infusions

Increase FGF-23, promoting 
phosphate wasting by the 
kidneys
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TZDs in patients at elevated risk of falls or fractures. Canagliflozin, 
a sodium-glucose cotransporter-2 (SGLT-2) inhibitor, promotes 
glucose and sodium excretion through the kidneys. BMD loss and 
peripheral fractures were reported as adverse events in an early 
phase 3 clinical trial [21]. By contrast, a recent large population-
based study did not find increased fracture risk in middle-aged 
patients compared to patients treated with GLP-1 receptor ago-
nists [22]. More data are needed with other SGLT-2 inhibitors, but 
a reasonable approach in the meantime is to avoid the use of these 
medications in patients at very high risk of fracture.

Various antiepileptic drugs induce hepatic catabolism of vita-
min D, potentially causing severe vitamin D depletion, which 
may lead to osteomalacia. In patients taking anti-seizure medica-
tions including phenobarbital, phenytoin, carbamazepine, and 
valproic acid, it is important to measure serum 25- hydroxyvitamin 
D levels periodically and to provide vitamin D supplementation 
adequate to keep these levels within the optimal range.

Tenofovir and ferric carboxymaltose may cause renal tubular 
phosphate loss, leading to hypophosphatemia and thereby cause 
undermineralization of bone leading to osteomalacia. Tenofovir is 
used to treat patients with chronic hepatitis B or HIV and has been 
associated with non-FGF-23-mediated hypophosphatemia. 
Infusions of ferric carboxymaltose are used to treat acute and 
chronic iron deficiency anemia. This form of parenteral iron is 
associated with frequent FGF-23-mediated hypophosphatemia 
and osteomalacia. FGF-23-mediated effects last for several weeks 
after a single infusion [23]. Phosphate levels should be monitored 
in these patients, and hypophosphatemia should not be mistakenly 
attributed to tumor-induced osteomalacia. Patients with unex-
plained hypophosphatemia should have a careful review of their 
recent medication use.

 Outcome

The US FDA has approved alendronate, risedronate, zoledronic 
acid, denosumab, and teriparatide for treatment of glucocorticoid- 
induced osteoporosis. The patient was felt to not be a candidate 
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for oral bisphosphonates due to her celiac disease and GERD not 
responding to omeprazole. Intravenous zoledronic acid 5 mg over 
15 minutes once a year for 3 years was felt to be a reasonable 
option if tolerated.

The 2017 American College of Rheumatology Guidelines for the 
Prevention and Treatment of Glucocorticoid-Induced Osteoporosis 
[8] would assess this patient to be at high risk of fracture because of 
her postmenopausal status and her lowest bone density T-score of 
−2.9, even though she has not had a previous fracture. Given her 
limitations on the use of oral bisphosphonates, zoledronic acid is the 
first agent to consider. If she could not tolerate zoledronic acid, then 
denosumab or teriparatide would be considered.

She received her first dose of intravenous zoledronic acid on 
the same day she started prednisone 60 mg once a day and received 
two subsequent yearly doses. She tolerated zoledronic acid with-
out side effect, and her renal function remained normal. Her pred-
nisone was tapered successfully off over 2  years without 
recurrence of her giant cell arteritis. Her bone density T-scores 
increased to −2.3 at her lumbar spine, −1.8 at her left femur neck, 
and −2.0 at her right total hip over the 3 years of therapy. She had 
no low-trauma fractures during this interval. After 3  years, she 
discontinued intravenous zoledronic acid and continued her cal-
cium and vitamin D intake. Her bone density test was to be 
rechecked in 2 years.

Clinical Pearls/Pitfalls
• Patients with osteoporosis or osteopenia should have a 

review of their medications at each encounter, focusing 
on  medications that affect bone health, as this might 
spare them from future fractures.

• Glucocorticoids, aromatase inhibitors, and other medica-
tions may inadvertently cause bone loss.

• Implementation of a strategy to monitor bone density 
and start therapy when needed may help prevent frac-
tures when the offending medications cannot be stopped 
or replaced.
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Secondary Causes 
and Contributors 
to Osteoporosis

Laura E. Ryan and Steven W. Ing

 Case Presentation

A 55-year-old woman was referred for evaluation and manage-
ment of osteoporosis by her primary care provider after bone den-
sity screening (her first) showed DXA scan BMD T-scores of −3.0 
and −1.9 at the lumbar spine and left femoral neck, respectively. 
The spine Z-score was −2.0. There was no personal or parental 
history of fragility fracture. There was no significant loss of height 
versus historical young adult height. She achieved menarche at age 
11, had regular monthly menses lasting 3–4 days, had five preg-
nancies (two miscarriages, three deliveries), and underwent natural 
menopause at age 50, without menopausal hormone therapy. 
Dietary calcium in childhood was adequate. She was active at 
work as a physical therapist and enjoyed walking 4 days/week. She 
had tonsillectomy, Cesarean section × 3, and laparoscopy showing 
left ovarian cyst. She did not smoke cigarettes nor drink alcohol 
regularly. She took a calcium-vitamin D (600 mg–400 IU) supple-
ment daily, multivitamin daily, and topical vaginal cream twice 
weekly. Examination revealed a  well- appearing Caucasian woman, 
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standing 5′6½″ tall and weighing 129.4 pounds. There was no 
point tenderness or kyphoscoliosis of the spine. Rib-to-pelvis dis-
tance was three finger breadths bilaterally. Proximal muscle 
strength was intact with sit-to-stand and squatting. There was no 
anterior tibial tenderness, no fine resting tremor of outstretched 
hand, and no Cushingoid features.

She endorsed history of intermittent loose bowel movements 
alternating with constipation. Evaluation for secondary causes of 
osteoporosis (Table  5.1) showed an equivocally positive 

Table 5.1 Results of biochemical evaluation

Test Result Reference

Calcium 9.5 mg/dL 8.6–10.0
Albumin 4.4 g/dL 3.4–4.8
Phosphate 4.6 mg/dL 2.7–4.5
Magnesium 2.2 mg 1.6–2.6
Creatinine 0.8 mg/dL 0.5–1.2
PTH 31.9 pg/mL 14–72
25OHD 43 ng/dL 25–80
Alkaline phosphatase 69 U/L 38–126
C-telopeptide 2188 pmol/L Premenopausal 

<4500
BSAP 10 μg/L Premenopausal ≤14
WBC 5.1 K/μL 4.5–11.0

Hemoglobin 14.1 g/dL 11.7–15.5
Platelet 349 K/μL 150–400

SPEP/UPEP immunofixation No monoclonal 
protein

Urine calcium 99 mg/24 h 100–250
Transglutaminase IgA 
antibody

27.9 U <20

Iron 52 μg/dL (50–170)

Total iron-binding capacity 462 μg/dL (298–596)

Iron saturation 11% (20–55)
Transferrin 310 mg/dL (200–400)

25OHD 25-hydroxyvitamin D, BSAP bone-specific alkaline phosphatase, 
WBC white blood cell count, SPEP/UPEP serum and urine protein electro-
phoresis
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 transglutaminase antibody level, prompting referral to gastroen-
terology for upper gastrointestinal endoscopy. Microscopic evalu-
ation biopsy samples from the second part of the duodenum 
showed diffuse mildly scalloped mucosa, chronic inflammation, 
increased intraepithelial lymphocytes, and partial villus blunting, 
findings consistent with celiac disease.

 Assessment and Diagnosis

Many conditions, medications, and lifestyle factors may cause or 
contribute to osteoporosis (Table 5.2). Patients with densitometric 
osteoporosis, history of fragility fracture, low BMD Z-score, inci-
dent fractures, or decreasing BMD on osteoporosis pharmacologic 
therapy should undergo evaluation for secondary causes of osteopo-
rosis. Their identification may lead to alternative or adjunctive thera-
pies and additional referral, or reconsideration of fracture risk 
estimates that may influence the decision to start, continue, or restart 
osteoporosis therapy. In subspecialty settings, secondary causes of 
osteoporosis have been found in 30% of cases in women [1], 60% in 
men [2], and 30% in patients presenting with fracture [3].

Often secondary causes of osteoporosis are asymptomatic and 
can only be discovered with laboratory testing. For assessment of 
secondary causes of osteoporosis in postmenopausal women, the 
American Association of Clinical Endocrinology recommends 
measurement of complete blood count, metabolic panel (includ-
ing calcium, phosphate, total protein, albumin, creatinine, electro-
lytes, AST, ALT, alkaline phosphatase), 25-hydroxyvitamin D, 
intact parathyroid hormone, and 24-h urine collection for calcium, 
sodium, and creatinine [4]. This battery of tests plus total testos-
terone is recommended in the evaluation of male osteoporosis [5]. 
Additional tests if indicated may include TSH, transglutaminase 
antibody, serum protein electrophoresis and free light chains, uri-
nary free cortisol, serum tryptase, bone marrow aspiration, 
tetracycline- labeled transilial bone biopsy, and genetic testing in 
suspected rare metabolic bone disease.

Selected contributors to bone loss are highlighted below. Vitamin 
D deficiency (whether defined as serum 25- hydroxyvitamin D <30 

5 Secondary Causes and Contributors to Osteoporosis
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or <20 ng/dL) may be due to inadequate solar exposure and vitamin 
D intake [6] and perhaps sequestration into adipose tissue and 
decreased bioavailability [7]. However, when coupled with elevated 
PTH, elevated alkaline phosphatase and bone pain (suggesting the 
presence of osteomalacia), vitamin D malabsorption should be con-
sidered. As vitamin D absorption occurs in the duodenum and prox-
imal ileum, malabsorption in the setting of bariatric surgery and 
other small bowel pathologies may lead to vitamin D deficiency [8].

Secondary hyperparathyroidism is often a marker of calcium 
and/or vitamin D insufficiency and contributes to bone loss and 
increased risk for fracture. Whereas vitamin D status is readily 
assessed with a lab measurement of 25-hydroxyvitamin D, a 24-h 
urine collection may demonstrate calcium inadequacy. Low uri-
nary calcium excretion of <50–100 mg/24 h suggests a need to 
address calcium supplementation, sometimes aggressively. 
Fractional calcium absorption decreases >70% in the setting of 
roux- en- Y gastric bypass even with maintenance of vitamin D 
sufficient status and good calcium intake [9]. This suggests that 
calcium supplementation greater [10] than general population 
recommendations (1000–1200 mg daily) [11] may be required to 
manage secondary hyperparathyroidism and calcium deficiency 
due to malabsorption [10].

Evaluation of secondary hyperparathyroidism with a 24-h 
urine collection may identify hypercalciuria, defined as a urinary 
calcium excretion of >300–350 mg/24 h [12]. Thiazide treatment, 
which improves calcium balance and reduces hyperparathyroid-
ism, has been shown to improve bone density at the spine and hip 
in a clinical trial [13] and was associated with decreased hip frac-
ture risk in an observational study [14].

Osteoporosis is a well-recognized result of systemic inflamma-
tion in disorders such as rheumatoid arthritis, Crohn’s disease, 
and chronic obstructive pulmonary disease [15]. In such condi-
tions, an active inflammatory milieu increases expression of 
RANKL, driving enhanced osteoclastogenesis, osteoclast activity, 
bone remodeling, and ultimately bone loss and deterioration. 
Additive contributors to fracture risk include glucocorticoid ther-
apy, sedentary status, sarcopenia, and increased fall risk.

5 Secondary Causes and Contributors to Osteoporosis
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Multiple myeloma is the second most common hematologic 
malignancy and has the highest incidence of skeletal-related events 
among all malignant diseases [16]. In multiple myeloma, bone 
remodeling is uncoupled, characterized by enhanced osteoclastic 
activity and suppressed osteoblastic bone formation. The bone 
destructive process releases growth factors from the bone matrix, 
which contributes to further proliferation of multiple myeloma 
cells [17]. With uncoupled bone turnover, 15–20% of patients with 
newly diagnosed multiple myeloma present with hypercalcemia 
[17]. Anemia and renal insufficiency are also hallmarks of this dis-
ease, and this combination should lead to screening. Monoclonal 
gammopathy of uncertain significance (MGUS) is more common 
than MM and is also associated with greater risk of fracture espe-
cially of vertebrae versus control populations [18, 19].

Other endocrine diseases may be identified in the setting of 
osteoporosis such as hypogonadism, primary hyperparathyroid-
ism, and thyrotoxicosis. Classic signs of Cushing’s syndrome 
such as central obesity, “moon facies,” striae, plethora, worsening 
diabetes, and hypertension point toward this diagnosis; however, 
more subtle findings of easy bruising, proximal muscle weakness, 
recurrent infections, or unexplained mood liability should prompt 
screening (dexamethasone suppression test, 24-h urinary free cor-
tisol, or midnight salivary cortisol). Up to 50% of patients with 
hypercortisolism experience vertebral compression fractures [20]. 
Once Cushing’s syndrome has been identified and treated, bone 
recovery can be slow, and patients benefit from concomitant treat-
ment with osteoporosis therapy.

The prevalence of biopsy-proven celiac disease in an osteopo-
rosis population was 1.6% among 3188 patients by meta-analysis 
[21]. In 400 patients with fracture of the distal radius or ankle, 
screening with transglutaminase IgA antibody led to new diagno-
sis of biopsy-proven celiac disease in 1.5% [22]. In 1042 patients 
attending a fracture liaison program, celiac disease was identified 
in 0.38% (4/1042) [23]. These data suggest against universal 
screening for celiac disease in an osteoporosis or fracture 
 population. However, celiac disease in 693 patients enrolled in a 
BMD registry showed a higher risk for major osteoporotic frac-
ture after FRAX adjustment, and inclusion of celiac disease as a 
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secondary osteoporosis risk factor in FRAX approached the 
observed fracture risk [24]. This suggests the importance of a 
case-finding approach, and eliciting symptoms consistent with 
celiac disease should be followed by screening.

 Outcome

For about 5 years prior to a diagnosis of celiac disease, the patient 
had already lowered dietary gluten intake, which may help explain 
“equivocal” baseline transglutaminase titers. In retrospect, she 
recalled transient erythematous rash (consistent with dermatitis 
herpetiformis) when she consumed small amounts of bread. She 
was instructed not to fill a prescription for oral bisphosphonate 
she was previously given, and lifestyle factors of gluten-free diet, 
calcium and vitamin D adequacy, and physical activity were 

Table 5.3 Serial DXA BMD

L1–L4 spine BMD 
(T-score) g/cm2 change 
vs. prior; % change vs. 
prior

Left 
femoral 
neck
BMD 
(T-score)

Left total hip BMD 
(T-score) g/cm2 change 
vs. prior; % change vs. 
prior

2/22/2008 0.716 (−3.0) 0.638 
(−1.9)

0.766 (−1.6)

2/23/2010 0.749 (−2.7) +0.033; 
+4.5%

0.680 
(−1.5)

0.755 (−1.5) −0.011; 
−1.4%

2/29/2012 0.727 (−2.9) −0.022; 
−2.9%

0.649 
(−1.8)

0.738 (−1.7) −0.017; 
−2.2%

3/11/2014 0.731 (−2.8) +0.004; 
+0.6%

0.665 
(−1.7)

0.754 (−1.5) −0.016; 
+2.2%

5/3/2016 0.701 (−3.1) −0.030; 
−4.1%

0.689 
(−1.4)

0.760 (−1.5) +0.006; 
+0.8%

5/2/2018 0.764 (−2.6) +0.063; 
+9.0%

0.680 
(−1.5)

0.773 (−1.4) +0.013; 
+1.6%

5/21/2020 0.823 (−2.0) +0.059; 
+7.7%

0.681 
(−1.5)

0.775 (−1.4) +0.002; 
+0.3%

Least significant change: 0.022 g/cm2 at lumbar spine, 0.027 g/cm2 at total hip

5 Secondary Causes and Contributors to Osteoporosis
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emphasized. DXA scans were repeated every 2 years (Table 5.3). 
Based on this outside DXA facility’s least significant change, 
BMD at the spine (and perhaps left femoral neck) improved from 
2008 to 2010 and stabilized from 2010 to 2014; total hip BMD 
remained overall stable. However, spine BMD decreased from 
2014 to 2016. In 2017, she started denosumab, followed by BMD 
improvements of 17.4% and 2.0% at the lumbar spine and left 
total hip, respectively, from 2016 to 2020, and she has remained 
fracture-free as of this writing. This case demonstrates the possi-
bility of mild celiac disease presenting in a bone health clinic, 
without obvious gastrointestinal symptoms or signs such as iron- 
deficiency anemia.
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Osteoporosis 
in Premenopausal Women

Bente L. Langdahl

 Case Presentation

A 36-year-old woman was diagnosed with ulcerative colitis at the 
age of 15. She was treated with different immunosuppressants: aza-
thioprine, mesalazine, infliximab, and intermittently with oral gluco-
corticoids for many years. At the age of 23, colectomy was 
performed, and treatment with oral glucocorticoids was almost com-
pletely replaced by local treatment until the rectum was removed a 
year later. Supplementation with calcium and vitamin D was not 
given during the years with high doses of oral glucocorticoids.

Bone density testing was performed at the age of 27. BMD 
T-scores of the spine and hip were −2.7 and −3.3. The patient 
initiated treatment with alendronate, which worsened ulcerative 
colitis symptoms and alendronate was discontinued. The patient 
was considering pregnancy and treatment of osteoporosis apart 
from calcium and vitamin D supplementation was therefore not 
pursued further.

The patient was referred to our department for treatment of 
osteoporosis at age 30.
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The patient stated she had regular menstrual periods, had not 
experienced any fractures with the exception of a forearm fracture 
as a child, and had no family history of osteoporosis or frequent 
fractures. She does not smoke and consumes less than 1 unit of 
alcohol per day. BMI was 22.2 kg/cm2.

Laboratory evaluation was without signs of secondary osteo-
porosis. Genetic screening for osteogenesis imperfecta was not 
performed since the patient had only suffered a single fracture 
during childhood after a relevant trauma. BMD T-scores were 
−3.0 at the lumbar spine and −2.9 at the total hip. X-rays of the 
thoracic and lumbar spine demonstrated multiple vertebral 
fractures: T6 (40% loss of height), T8 (29%), T9 (28%), T10 
(30%), T11 (24%), T12 (43%), L2 (38%), L3 (27%), and L4 
(33%).

 Assessment and Diagnosis

The fracture rate in premenopausal women is uncertain, but rare. 
The prevalence of osteoporotic T-scores in premenopausal women 
varies from 0.5% to 50% depending on the populations studied, 
the definition of osteoporosis used, and the referral center involved 
[1–4].

Bone mineral density of premenopausal women depends pri-
marily on bone accrual during childhood and adolescence. 
Although 40–80% of the variation in BMD and bone microarchi-
tecture is genetically determined [5], other factors including mus-
cle mass, sexual development, and lifestyle factors, including 
calcium and vitamin D intake and physical activity, are also 
important [6]. The effect of most contraceptives on bone is neu-
tral; however, the use of depot medroxyprogesterone acetate is 
associated with an increased risk of fracture [3].

For postmenopausal women, the diagnosis of osteoporosis is 
based on the World Health Organization operational definition, a 
BMD T-score ≤−2.5. For women between 20 and 40 years, the 
International Osteoporosis Foundation (IOF) recommends using 
the same definition as in post-menopausal women [2], whereas 
the International Society for Clinical Densitometry (ISCD) pro-
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poses using BMD Z-scores ≤−2 to define “bone density below 
the expected range for age” [7]. Vertebral or other major fragility 
fractures are considered a hallmark of osteoporosis by both soci-
eties. Idiopathic osteoporosis is defined as the occurrence of a low 
trauma fracture in the presence of low BMD (lumbar spine and or 
hip T score ≤−2.5 or Z-score ≤−2) after excluding causes of sec-
ondary osteoporosis [1, 3].

Osteoporosis in premenopausal women is often secondary to 
diseases, medical treatments, or lifestyle factors, including endo-
crine, inflammatory, neuromuscular, oncologic, hematologic, 
pulmonary, and gastrointestinal disorders and therapies, in addi-
tion to tobacco and alcohol use. Obtaining a thorough medical 
history and performing a biochemical evaluation are needed to 
exclude causes of secondary osteoporosis [1, 3]. In addition, 
screening for genetic causes is recommended when there is a 
strong suspicion of a heritable component based on family his-
tory and/or additional clinical features (syndromes) suggestive of 
underlying monogenetic bone disorders, such as osteogenesis 
imperfecta, hypophosphatasia, or osteoporosis-pseudoglioma 
syndrome [2].

There are special cases that need further consideration. Patients 
with anorexia nervosa, which in addition to low body weight is 
characterized by significant hormonal changes, including hypo-
gonadism/other causes of amenorrhea, hypercortisolism, low tes-
tosterone, and low IGF-1 levels, often have low bone mass and 
sometimes suffer fractures [8]. Premenopausal women on diets 
excluding animal meat protein (vegetarianism) or any animal 
products (veganism) have in some studies been found to have an 
increased risk of fracture [9]. In premenopausal women with 
breast cancer, adjuvant therapy including chemotherapy and 
gonadotropin hormone-releasing hormone (GnRH) analogs can 
induce secondary amenorrhea and premature menopause. 
Moreover, treatment with tamoxifen, a selective estrogen receptor 
modulator which has antiestrogen effects in premenopausal 
women, has been associated with increased risk of fracture. 
Treatment with GnRH receptor antagonists for endometriosis is 
also associated with BMD loss [3]. Glucocorticoid-induced osteo-
porosis in premenopausal women is usually seen in patients with 
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autoimmune or inflammatory disorders that may themselves 
cause osteoporosis. Glucocorticoids exert multiple negative 
effects on bone, but they also mitigate the negative effects of the 
underlying disease on bone health, and therefore it is the balance 
between these effects in combination with the dose and duration 
of the treatment that determines the outcome [10].

Pregnancy and lactation-associated osteoporosis (PLAO) [11] 
is a rare condition associated with changes in calcium metabolism 
occurring during pregnancy and lactation that lead to a transient 
bone loss, mainly at trabecular sites. Among the factors involved 
are parathyroid hormone-related protein and the need for addi-
tional calcium for mineralization of the fetal skeleton and the pro-
duction of milk during lactation. In addition, studies have 
suggested that women developing PLAO may have an underlying 
osteoblast insufficiency. After lactation, bone mass and strength 
normally recover.

Hypovitaminosis D may lead to osteomalacia which should be 
differentiated from osteoporosis as this represents a mineraliza-
tion deficit that in most cases is reversible. Low bone mass most 
often improves dramatically upon normalization of vitamin D.

 Management

Once a diagnosis of osteoporosis has been made, the next step is to 
evaluate future fracture risk. Although classical risk factors should 
be considered, it is important to note that the FRAX® algorithm is 
not validated for individuals younger than 40 years. Premenopausal 
women with recent major fragility fractures are generally at high 
risk for further fractures in the short to medium term, but the risk 
depends on whether the condition is secondary to another condi-
tion that can be treated (e.g., celiac disease) or not.

Management of premenopausal osteoporosis is challenging 
due to a lack of robust evidence. There is some evidence that 
increases in calcium and vitamin D intake as well as physical 
activity may improve or stabilize BMD. In addition, cessation of 
smoking and excess alcohol consumption is generally recom-
mended [1, 3].

B. L. Langdahl



77

Antiresorptive and bone forming treatments improve BMD in 
premenopausal women with idiopathic or secondary osteoporo-
sis; however, fracture risk reduction has not been demonstrated 
(reviewed in [1–3]).

In patients with anorexia nervosa, weight gain and reappear-
ance of regular menstrual periods are important determinants for 
the recovery of BMD [12].

For premenopausal women treated with glucocorticoids, the 
current guidelines are not in complete agreement. The joint IOF 
and ECTS guidelines recommend treatment in premenopausal 
woman with a previous fragility fracture taking oral glucocorti-
coid for at least 3 months, while for women without fracture, the 
treatment decision should be based on clinical judgment [13]. The 
American College of Rheumatology guidelines recommend treat-
ment with oral bisphosphonates in premenopausal women treated 
with glucocorticoids at a daily dose ≥7.5 mg for ≥6 months in the 
presence of a fragility fracture or BMD Z-score <−3 [14].

In premenopausal women with breast cancer and hormone 
ablation therapy, it has been suggested that bisphosphonates 
should be initiated in women with a Z score <−2. In women with 
a Z score ≤−1 and a 5–10% annual decrease in BMD, bisphos-
phonates are also suggested [3].

Cessation of lactation in women with PLAO leads to increases 
in BMD.  Women treated with a bisphosphonate or teriparatide 
experienced larger increases in BMD compared to untreated 
women; however, none of these studies were powered to investi-
gate the effect on fracture risk [11].

The risk of adverse effects should be considered as part of 
making treatment decisions for an individual patient. In addition 
to considering the usual adverse effects, the risk of potential tera-
togenic effects of the drug during a pregnancy should be consid-
ered. The majority of the literature regarding bisphosphonate use 
in humans does not report severe adverse fetal or maternal events; 
however, there are reports of spontaneous abortions [3]. As a mea-
sure of safety, it has been proposed that bisphosphonate treatment 
should not be initiated if a woman is planning a pregnancy within 
the next 12 months. Due to the lack of studies in pregnant women, 
denosumab and teriparatide are contraindicated in pregnancy.
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 Outcome

Treatment options including teriparatide and bisphosphonates 
were discussed with the patient. The patient decided that she 
wanted to have children and therefore no treatment was initiated. 
In September 2015, the patient gave birth to a daughter. In 
November 2015, 2 months after delivery, the patient complained 
of back pain. The patient was still breastfeeding the baby. DXA 
showed relatively stable BMD with T-scores at the spine and hip 
of −2.8 and −2.8, respectively. No X-ray was performed as the 
back pain was ascribed to the existing vertebral fractures. In 
March 2017, the patient again had symptoms of intermittent back 
pain. BMD T-scores of the spine and hip were −2.4 and −2.8, 
respectively. The patient was planning a second pregnancy, and 
treatment was therefore not initiated. In August 2018, the patient 
gave birth to twin sons. In November 2018, the patient came to the 
outpatient clinic and complained of acute severe low back pain, 
and X-ray of the spine showed a new compression fracture of L5.

The patient stopped breastfeeding in order to start anti- 
osteoporosis treatment. Due to the expected catabolic bone status 
due to pregnancy and lactation, treatment with zoledronic acid was 
given in December 2018. In March 2019, BMD T-scores were 
−2.7 and −2.9, respectively, which represented a significant BMD 
loss at the lumbar spine. Treatment with teriparatide was initiated.

In August 2019, 6  months after initiating teriparatide, the 
patient was still having severe back pain. Continuing pain many 
months after a vertebral fracture should always lead to reflection 
and further investigation as clinically indicated. New fractures, 
worsening of existing fractures, or other causes of back pain 
should be considered and investigated. MRI of the spine was per-
formed and showed no new fractures or other pathologies. Edema 
was seen in L5, suggesting that the L5 fracture was not completely 
healed, whereas the older fractures were. There is no evidence 
that vertebroplasty reduces pain due to spine fractures better than 
medical treatment; however, we had tried medical treatment in 
combination with physiotherapy for 6  months with only minor 
improvement in pain. Vertebroplasty of L5 was performed with 
modest effect on the pain.
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In April 2020, DXA showed increases in BMD at the spine and 
hip of 9.1% and 2.2%, respectively. Treatment with teriparatide 
continues, and the patient had a second infusion of zoledronate in 
May 2020 because BMD of the hip was still very low and bone 
loss at the hip should be avoided (see Fig. 6.1 for overview).

Severe osteoporosis with multiple vertebral fractures, back 
pain, and inability to take care of her three young children due to 
her disability has been a very difficult situation for the whole fam-
ily. Despite getting help with household and childcare issues, the 
patient’s husband has been on sick leave due to stress. In addition, 
the patient had tried working again as a laboratory technician after 
her maternity leave, but she was not able to work and is now per-
manently retired. Severe osteoporosis does not only affect the 
patient, but the entire family, especially when this includes three 
young children, so we have to include the whole family in the 
management of the disease.

We have no measurement of BMD before this patient started 
glucocorticoid treatment as a teenager, but it is a reasonable 
assumption that the many years of glucocorticoid treatment with-
out calcium and vitamin D supplementation played an important 
role in the development of severe osteoporosis in this premeno-
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pausal woman. It is unlikely that patients now would be treated 
for many years with glucocorticoids without supplementation 
with calcium and vitamin and without having DXA performed to 
monitor bone health. It cannot be determined if the pregnancies 
and the changes in calcium metabolism associated with preg-
nancy and lactation were the cause of the new vertebral fracture, 
but the occurrence of the fracture 3 months after delivery of her 
twin sons would fit with what is often seen in PLAO and with the 
notion that PLAO more often occurs in women with preexisting 
low bone mass or poor bone quality.

This case demonstrates that osteoporosis in premenopausal 
women is less straightforward than in postmenopausal women. 
The diagnosis is delayed because osteoporosis is rare in premeno-
pausal women and therefore often not considered even in the pres-
ence of conditions or pharmacologic treatments known to be 
associated with risk of osteoporosis. Although there is increasing 
evidence of the beneficial effect of antiresorptive and bone- 
forming treatments on bone turnover and BMD in premenopausal 
women, there is no evidence for anti-fracture efficacy. The treat-
ment plan has to take family planning into account as therapy 
should not be used in pregnant women and women planning preg-
nancy. This in combination with the temporary loss of BMD dur-
ing pregnancy and lactation makes treatment of osteoporosis in 
premenopausal women a task for specialists.

Clinical Pearls/Pitfalls
• Osteoporosis in premenopausal women is often second-

ary to other diseases and pharmacologic treatments, 
most frequently diseases that involve inflammation and 
glucocorticoid treatment. Correction or treatment of the 
secondary cause should be considered if at all possible.

• Once a diagnosis of premenopausal osteoporosis is made 
using BMD T-score ≤−2.5 or Z-score ≤−2 and a major 
fragility fracture, the patient should be referred to an 
osteoporosis specialist for treatment.
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• The increased risk of osteoporosis associated with a 
number of diseases and treatments in premenopausal 
women should be included in relevant guidelines, and 
physicians should be aware of this complication in order 
to avoid delay of diagnosis.

• Pregnancy and lactation-associated osteoporosis is a rare 
condition but gynecologists and obstetricians should 
keep this in mind in women with severe back pain during 
the last trimester or in the months following delivery.
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 Case

A 58-year-old Caucasian man with a past history of degenerative 
disc disease, osteoarthritis, severe gastroesophageal reflux disease 
(GERD), alcohol dependence, hepatic steatosis, and prior heavy 
smoking was initially referred for evaluation for osteoporosis 
after presenting to the emergency department with complaints of 
back pain. He was found to have compression deformities of T4–
T7 with evidence of an acute compression fracture of T7. He 
reported significant loss of height but no history of trauma. Upon 
further interview, it was noted he had a T4 compression fracture at 
age 53 that was evident on an X-ray, which led to bone mineral 
density testing but no treatment. He underwent a kyphoplasty at 
T7 before our evaluation.

The patient had no family history of osteoporosis or prior use 
of glucocorticoids or androgen deprivation therapy. He did not 
consume dairy products or eat other calcium rich foods but 
reported taking cholecalciferol 2000 international units (50 μg) 
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daily. His physical activity was limited by back pain. On exam, he 
was in a wheelchair because of the distance from the parking lot 
to the clinic. Vital signs were normal, and his BMI was 32.5 kg/
m2. Height measurements had not been taken previously; the 
patient had provided his estimated height. He had a few teeth in 
poor condition, and his back was diffusely tender to palpation.

 Assessment and Diagnosis

Basic laboratory tests were normal: calcium, phosphate, albumin, 
renal function, and alkaline phosphatase. His 25-hydroxyvitamin D 
level was 25.4 ng/mL. A spot urine calcium to creatinine ratio was 
low. Given the patient’s young age, additional laboratories were 
obtained to exclude secondary causes such as hypogonadism and 
hyperthyroidism. Malabsorption and celiac disease were not assessed. 
One year prior to presentation, a bone mineral density demonstrated 
borderline osteopenia with T-scores of -1 at both the lumbar spine 
and hip. His atraumatic fractures of the spine were enough to justify 
the diagnosis of osteoporosis and to require treatment.

Osteoporosis is a musculoskeletal disease characterized by 
decreased bone quantity as measured by bone mineral density and 
decreased bone quality, resulting in increased risk of fragility 
fractures. For a long time, men were not screened for osteoporosis 
until further investigation revealed the impact of fractures in men 
on morbidity, mortality, and societal cost.

According to the WHO diagnostic classification, osteoporosis 
is defined by BMD at the hip or lumbar spine that is less than or 
equal to 2.5 standard deviations below the mean BMD of a young- 
adult reference population. This is expressed as a T-score of −2.5. 
Most organizations believe that the young adult white female 
database should be used for the calculation of the T-score for all 
adults. Low bone mass or osteopenia is defined as a T-score 
between −1 and −2.5, and the great majority of fractures occur in 
such people because there are so many more people in this cate-
gory. However, it is instructive to note that fragility fractures can 
occur in some patients with normal bone density, suggesting that 
poor bone quality is the reason for their fracture risk, as illustrated 
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by this case. The Endocrine Society Male Osteoporosis Guideline 
[1] suggests that men should be screened for osteoporosis with 
BMD at age 70. A recent observational study [2] reported that 
performing BMD testing at age 80 led to fewer fractures.

Trabecular bone score (TBS) is a recently developed tool that 
performs novel gray-level texture analysis on lumbar spine DXA 
images and thereby captures information relating to trabecular 
microarchitecture, a possible indicator of bone quality. For TBS 
to usefully add to BMD and clinical risk factors in osteoporosis 
risk stratification, it must be independently associated with frac-
ture risk, readily obtainable, and, ideally, present a risk which is 
amenable to osteoporosis treatment [3].

There are two main types of osteoporosis in men: primary and 
secondary. In cases of primary osteoporosis, either the condition 
is caused by age-related bone loss (sometimes called senile osteo-
porosis) or the cause is unknown (idiopathic osteoporosis). The 
term idiopathic osteoporosis is typically used only for men 
younger than 70 years old; in older men, age-related bone loss is 
assumed to be the cause, although there may be many risk factors 
present [4–6]. There are multiple theories as to the etiology of 
idiopathic male osteoporosis, such as genetic factors or a family 
history. Several epidemiological and clinical observations have 
shown that osteoporosis in both men and women has an important 
genetic component. Multiple genes may have effects on bone 
development, strength, and density [7]. In many studies, most 
men with osteoporosis have at least one (sometimes more than 
one) secondary cause. In cases of secondary osteoporosis, low 
bone mass is due to certain lifestyle behaviors, diseases, or medi-
cations [4–6].

Secondary causes in men include the use of glucocorticoids, 
immunosuppressive drugs, hypogonadism, excessive alcohol con-
sumption, smoking, chronic obstructive pulmonary disease 
(COPD) or asthma, cystic fibrosis, malabsorption, hypercalciuria, 
anticonvulsant medications, thyrotoxicosis, hyperparathyroidism, 
immobilization, bariatric surgery, ankylosing spondylitis, rheu-
matoid arthritis, and systemic mastocytosis. There is overlap 
between what could be called a risk factor for osteoporosis and a 
secondary cause [5, 6]. Of the listed secondary causes, medica-
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tions (especially glucocorticoids, androgen deprivation therapy 
for prostate cancer, and anti-seizure medications), COPD, hyper-
parathyroidism, alcohol abuse, hypercalciuria, and hypogonadism 
are probably the most common causes of secondary osteoporosis 
in men.

 Management

Risks and benefits of osteoporosis treatment were discussed with 
the patient after which he elected to start therapy with intravenous 
zoledronic acid. He was not a good candidate for daily injections 
of the anabolic agent teriparatide because of his alcohol abuse, 
and he had severe gastroesophageal reflux disease, which made 
oral bisphosphonates not a good choice. The patient subsequently 
received three doses of zoledronic acid over 4 years. In addition, 
he was counseled on fall prevention strategies, advised to perform 
weight-bearing exercises, and recommended to consume 1200 mg 
of calcium and 2000 IU of vitamin D daily.

The patient was seen annually in the metabolic bone clinic, and 
his vitamin D supplementation was adjusted to a target of 
25-hydroxyvitmain D >30 ng/mL. He was ambulating with a cane 
and had incorporated dairy into his diet (yogurt and cheese). 
Physical exam during follow-up visits was notable for obesity, 
mild kyphosis, and poor dentition (but no osteonecrosis of the 
jaw). A follow-up BMD demonstrated increased density in the 
spine and total hip, 4.9% and 2.3%, respectively (see Table 7.1). 
However, the spine trabecular bone score (TBS) T-score was 

Table 7.1 Comparison between pretreatment (initial) and posttreatment 
(after 3.5 years) BMD

BMD

T-score 
spine
L1–4

T-score 
right hip

T-score 
femoral neck

T-score distal 
1/3 radius

Pretreatment 
(08/2014)

−1 +0.7 −1 +1.5

Posttreatment 
(02/2019)

−0.2 1.8 −0.8 +2.7
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−2.3; it had not been available previously. A full-length image of 
his left femur did not show any early evidence of atypical fracture.

Age-appropriate intake of calcium and vitamin D is advised for 
all patients. The National Academy of Medicine (formerly the 
Institute of Medicine) recommends men ages 50–70 consume 
1000 mg/day of elemental calcium [8]. If an adequate dietary intake 
cannot be achieved, calcium supplements should be used. For 
adults age 50 and older, a vitamin D intake of 800–1000 IU daily is 
recommended by the National Osteoporosis Foundation [9].

As with our patient, and with any patient at risk of deficiency 
or with osteoporosis, 25-hydroxyvitamin D levels should be mea-
sured. Supplements should be recommended with the goal of 
achieving a serum 25-hydroxyvitamin D level of approximately 
30 ng/mL [10]. While vitamin D deficiency can be treated with 
weekly doses of ergocalciferol at 50,000 IU/week for 8–12 weeks, 
many experts prefer cholecalciferol in daily doses of up to 4000 IU 
(100 μg) daily with lower doses as maintenance.

Regular weight-bearing and muscle-strengthening exercises 
are recommended with the intention of improving agility, strength, 
and balance. Some examples are Tai Chi, walking, jogging, ten-
nis, and weight training. Fall risk assessment should be individu-
alized and will be impacted by all the above. Other potentially 
modifiable factors include vision impairment, polypharmacy, and 
home safety. Tobacco use cessation and avoidance of excessive 
alcohol consumption are also crucial parts of this comprehensive 
approach to osteoporosis management.

The US FDA-approved pharmacotherapy for osteoporosis 
treatment in men includes bisphosphonates (alendronate, risedro-
nate, ibandronate, and zoledronic acid), teriparatide, and deno-
sumab. Among bisphosphonates, zoledronic acid increased bone 
density to a greater extent in men on oral glucocorticoids than did 
risedronate [11]. In an international trial with vertebral fracture as 
the primary outcome, intravenous zoledronic acid was found to 
provide a 67% relative fracture risk reduction, compared to pla-
cebo infusion [12]. This is similar to the drug’s impact in women.

Denosumab was initially approved in 2011 to increase bone 
mass in men at high risk for fracture receiving androgen depriva-
tion therapy for nonmetastatic prostate cancer. The following 
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year, it was approved to increase bone mass in men with osteopo-
rosis at high risk for fracture or those who have failed or are intol-
erant to other therapies [13].

The anabolic agent teriparatide is indicated for treatment of 
male osteoporosis with high fracture risk and for glucocorticoid- 
induced osteoporosis. It has shown equivalent increases in BMD 
in men and women; interestingly, the described bone loss after 
discontinuation of therapy was greater in women than men [14].

Abaloparatide is a modification of parathyroid hormone- 
related peptide approved for treatment of osteoporosis in post-
menopausal women. Recent studies [15, 16] have shown that in 
osteopenic orchiectomized rats, abaloparatide can increase endo-
cortical bone formation and improve trabecular bone volume and 
microarchitecture by augmenting osteoblast numbers without 
increasing osteoclast numbers. Based on the above, it may be war-
ranted to consider off-label use of this drug for male osteoporosis. 
There is an ongoing study of abaloparatide in men with osteopo-
rosis. The newest anabolic agent, romosozumab, is FDA approved 
for postmenopausal women, but there is evidence [17] that it 
works similarly in men.

It is worth mentioning that treatment decisions are made 
according to the patient’s comorbidities, preferences, and cost. In 
clinical practice, it is common to have patients start on antiresorp-
tive therapy (usually oral bisphosphonates) and later transition to 
anabolic agents after intolerance, unsatisfactory response, or drug 
failure. However, prior use of bisphosphonates may blunt or delay 
the impact of anabolic agents on bone density [18, 19]. For this 
reason, many experts now suggest using anabolic drugs first in 
patients at highest risk for fracture. There are no studies of drug 
holidays or even long-term treatment of osteoporosis in men. 
Hence, general recommendations for women (e.g., [20]) are used 
to guide long-term treatment.

 Outcome

At the most recent visit, which was by telephone because of the 
pandemic, the patient had been sober for 2 years, had stayed off 
tobacco, and had improved his diet and exercise. A follow-up in 
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person assessment and repeat BMD were planned to consider 
whether anabolic treatment or other anti-resorptive therapy would 
be helpful at this time. He has had no further clinical fractures.

Clinical Pearls
• Osteoporosis needs to be evaluated and treated in men.
• Fractures can occur in patients with normal bone density. 

A clinical fracture is a sentinel event.
• Evaluation and treatment of men are similar to that in 

women.
• Very high fracture risk patients should be considered for 

anabolic treatment first.
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 Case Presentation

A 76-year-old woman, with a history of Alzheimer dementia 
(Functional Assessment Staging Tool (FAST) stage 7, advanced) 
and currently living in a memory care unit, is evaluated in the 
emergency department following a fall while ambulating to the 
bathroom after which she was unable to get up or bear weight. Her 
medical history includes hypertension, hypothyroidism, and uri-
nary incontinence, but no previous fractures. She had been hospi-
talized 3  years ago following a fall in the bathtub at home, 
resulting in superficial bruises and pain but no fractures. At that 
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time, bone mineral density (BMD) showed a lowest T-score of 
−1.7 and her 10-year fracture risk using the FRAX calculator 
demonstrated 12% risk for major osteoporotic fracture and 2.9% 
for hip fracture. Her medications include levothyroxine 50 mcg 
daily, quetiapine 25 mg at bedtime, escitalopram 10 mg daily, and 
famotidine 20  mg twice a day. On examination, her weight is 
61.6 kg (65.4 kg 3 years ago) with a BMI of 24.1 kg/m2. Her left 
lower extremity is notably shortened and externally rotated; sig-
nificant tenderness is noted to minimal touch of the left hip. 
Laboratory results are notable for hypovitaminosis D (Table 8.1). 
A left hip X-ray (Fig. 8.1) reveals a comminuted and displaced 
intertrochanteric fracture of the left proximal femur.

 Assessment and Diagnosis

Evaluation of musculoskeletal health in the elderly carries partic-
ular complexity as it involves an interplay of numerous factors 
that are not necessarily present in younger adults. Multi- morbidity, 
polypharmacy, social and community resources, and physical and 
cognitive dysfunction, all influence our approach to osteoporosis 
in older adults.

The interactions between bone, muscle, and fat are even more 
pronounced with age leading to osteosarcopenia and frailty. 
Consequently, the assessment of bone health in the elderly is not 
complete without evaluation of muscle mass and function. 
Multiple tools are available to assess for sarcopenia, but many 
have limited clinical availability or incur significant time and cost 
[1]. BMI and body circumference are not considered reliable to 
evaluate for  sarcopenia. Gait speed or Timed Up and Go (TUG) 

Table 8.1 Laboratory results of patient upon presentation

Results Reference range

Calcium 8.8 mg/dL 8.8–10.2 mg/dL
Creatinine 0.83 mg/dL 0.59–1.04 mg/dL
Sodium 144 mmol/L 135–145 mmol/L
TSH 8.1 mIU/L 0.3–4.2 mIU/L
Free T4 1.1 ng/dL 0.9–1.7 ng/dL
25OHD 7.8 ng/mL 20–50 ng/mL
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are easy tools to replicate in the clinic and can provide valuable 
physical performance assessment [2, 3]. Grip strength has been 
shown to have significant clinical relevance but requires a 
 calibrated dynamometer and consistent measurement environ-
ment [4, 5]. Muscle mass assessment tools, on the other hand, are 
less readily available and provide limited clinical applicability at 
this time [1].

Fall risk evaluation can be achieved by short questionnaires. A 
prior history of falls, particularly in the past 12 months, is a sig-
nificant risk factor for future falls [6]. A detailed evaluation of 
patients’ living conditions, preferably performed on-site in their 
homes, adds significant insights into their health risks and barriers 
for improvement.

Fig. 8.1 X-ray of left 
femur showing an 
intertrochanteric fracture 
of the left proximal 
femur (arrow). Also seen 
are displaced greater 
trochanteric and lesser 
trochanteric fragments
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Polypharmacy (concomitant use of three or more medications), 
which impacts 67% of older adults, is known to be associated 
with a significant number of drug interactions and side effects. 
Medication use is one of the most modifiable risk factors for falls. 
Drugs that target the central nervous system, such as benzodiaze-
pines and antidepressants, appear to be the most common drugs 
associated with falls [7, 8]. In addition, observational studies have 
reported increased risk of fractures among users of selective sero-
tonin reuptake inhibitors (SSRIs) [9, 10].

Cognitive impairment is also associated with higher risks of 
falls and hip fractures. A meta-analysis found that cognitive 
impairment, specifically dysfunction in executive domains, was 
associated with falls [11].

Urinary incontinence is common in the elderly population and 
causes significant psychosocial stress. Further, it may lead to 
increased fall risk, particularly at nighttime. In multivariate analy-
ses, incontinence was independently associated with risk of fall-
ing (OR 1.26; 95% CI 1.14–1.40) and with non-spine nontraumatic 
fractures (HR 1.34; 95% CI 1.06–1.69) [12]. Moreover, urinary 
incontinence may coexist with other autonomic dysfunction, fur-
ther increasing the risk of falls. Thus, early detection and appro-
priate management of urinary incontinence, as well as associated 
sensory/autonomic dysfunction, are essential for fracture preven-
tion.

The clinical assessment of osteoporosis in older adults is thus 
quite complex. Further complicating the issue is our inability to 
quantify all these risk factors that play an important role in medi-
ating skeletal fragility. Commonly used fracture risk assessment 
tools (e.g., FRAX) do not fully account for frailty or sarcopenia 
and may thus underestimate the fracture risk in older adults [13]. 
The Fracture Risk Assessment in Long-term Care (FRAiL) calcu-
lator is a tool that relies on a host of clinical factors, including 
physical performance and muscle function, to predict the 2-year 
risk for hip fractures in adults residing in nursing homes [14]. 
Such approaches may prove more useful to derive comprehensive 
management plans in the elderly population.
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 Management

The management of osteoporosis and/or osteosarcopenia in older 
adults is also more intricate than that of younger patients. Care 
should be taken to recognize the cumulative burden of polyphar-
macy, barriers to compliance including cognitive function, pres-
ence and burden of comorbidities, living conditions and 
availability of community resources, as well as life and health 
expectancy of the individual patient. In addition to addressing 
underlying chronic illnesses that may be contributing to frailty 
and skeletal fragility, our goal is to reduce the risk of future falls 
and fractures while maintaining, or even improving, overall mus-
culoskeletal health. It is thus important to discuss upfront the 
goals of care in order to generate a pragmatic and personalized 
management plan.

A good understanding of resources available to the patients at 
home and in their local communities will prove very important in 
the applicability of the management plan. Resources such as 
geriatric- friendly fitness centers, accessible transportation, nurs-
ing home visit programs, caretaker availability and health literacy, 
and affordable home modification strategies are essential to the 
success of our “osteoporosis prescription” in this population.

Nutrition plays a central role in such a management plan. An 
overall dietary plan, preferably by a nutrition specialist, should 
also be personalized. If sarcopenia is present, a protein-rich diet is 
advisable, despite lack of consensus on optimal protein content to 
maintain muscle mass in older adults.

Calcium and vitamin D are also vital for musculoskeletal 
health. There is evidence to suggest that men and women over age 
65  years with low serum 25-hydroxyvitamin D concentrations 
(<10 ng/mL) are at greater risk for decreased muscle strength and 
increased hip fractures rates [15, 16]. Vitamin D supplementation 
may improve BMD and muscle function, particularly in patients 
with hypovitaminosis D [17]. The effect of vitamin D on risk of 
falls remains controversial but may be of particular importance in 
institutionalized older adults [18–20].
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The National Academy of Medicine (formerly the Institute of 
Medicine) recommends 1200 mg of calcium per day and 800 IU 
of vitamin D per day in all adults 70 years or older. A higher vita-
min D dose may be needed in those with established osteoporosis 
and/or sarcopenia. Assessing calcium and vitamin D intake from 
all sources can help in providing adequate recommendations for 
additional supplements. These include dietary sources of calcium 
(fish, milk, nuts, tofu) and vitamin D (oily fish, fortified juices, 
milk), sun exposure, as well as all multivitamins and supplements. 
A total daily calcium intake not exceeding 2000–2500 mg is con-
sidered safe by the National Osteoporosis Foundation and the 
American Society for Preventative Cardiology. Vitamin D doses 
up to 2000 IU per day are similarly very safe [20].

Exercise is one of the most consistent interventions to reduce 
the risk of falls [21, 22]. Exercise recommendations should aim at 
strengthening core muscles and improving balance in order to 
prevent subsequent falls. Resistance training, including weight- 
bearing and middle-to-high impact exercises, has been shown to 
improve bone health and BMD [23]. Any exercise program should 
build on the individual patient’s baseline capacities and be pro-
gressively increased as tolerated to achieve a sustainable program 
[24, 25].

Pharmacologic interventions for fracture prevention parallel 
those for all adults with osteoporosis. Data from randomized tri-
als, although limited by the small number of subjects beyond 
75–80 years of age who were included in these studies, show con-
tinued effectiveness in older age. Risks for side effects associated 
with cumulative dosing of antiresorptive therapy may not be as 
important in those with lower life expectancy, resulting in a much 
more favorable risk-to-benefit balance.

The choice of pharmacologic agents should take into account 
the patient’s neurobehavioral and social environments. For exam-
ple, a parenteral medication given in a healthcare facility at regu-
lar intervals may be preferred over an oral weekly medication in 
patients with polypharmacy and/or cognitive impairment, but it 
can also incur additional coordination for patient transportation 
and third-party coverage. On the other hand, a medication that can 

P. Samakkarnthai and J. G. Sfeir



97

be safely interrupted may be a better option for patients with poor 
healthcare access or those with recurrent hospitalizations.

 Outcome

The displaced intertrochanteric femur fracture required surgical 
intervention; the patient underwent cephalomedullary nail place-
ment. Her postoperative course was complicated by blood loss 
anemia requiring transfusion. Due to her neurocognitive disease, 
she was not able to participate in physical therapy. Based on her 
family’s wishes, she was transferred to a skilled facility with hos-
pice benefits.

Clinical Pearls/Pitfalls
• Osteoporosis evaluation in older adults should include 

assessment of fall risk and frailty.
• Cognitive impairment is associated with a higher risk for 

falls and hip fractures.
• Polypharmacy provides an additional risk and should be 

addressed regularly.
• Adequate nutrition, including intake of calcium and vita-

min D, is essential for musculoskeletal health in the 
elderly.

• A personalized exercise plan that includes muscle 
strengthening and resistance training can have signifi-
cant musculoskeletal benefits in older adults.
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 Case Presentation

A 24-year-old woman presents with secondary amenorrhea. The 
patient underwent menarche at age 13, with periods occurring 
every 1–2 months until age 18. At that time, she became vegan and 
increased her physical activity from 20 to 50 miles of running per 
week. She also began to lose weight, going from 110 pounds (BMI 
22 kg/m2) to 86 pounds (BMI 17.4 kg/m2), and menstrual cycles 
stopped altogether. She did not pursue medical treatment for sev-
eral years, until the age 21 when she saw a gynecologist who per-
formed a progesterone challenge without a withdrawal bleed. She 
was started on oral estrogen and progesterone. She also sought 
counseling for disordered eating, broadened her diet, and increased 
her weight to 106 pounds but remained amenorrheic, prompting 
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current evaluation. Physical examination was notable for a thin 
young woman with orange discoloration of her hands, but normal 
dentition and no evidence of lanugo. Hormone replacement ther-
apy was stopped, and laboratories several weeks later showed beta 
hCG <5, LH 4 mIU/mL (premenopausal women, follicular phase 
1.9–12.5, mid-cycle peak 8.7–76.3, luteal phase 0.5–16.9 mIU/
mL), FSH 4.1 mIU/mL (premenopausal women, follicular phase 
2.5–10.2, mid-cycle peak 3.1–17.7, luteal phase 1.5–9.1 mIU/mL), 
estradiol 53  pg/mL (premenopausal women, follicular stage 
39–375, mid-cycle stage 94–762, luteal stage 48–440 pg/mL), pro-
gesterone <0.5  ng/mL (premenopausal women, follicular phase 
<1, luteal phase 2.6–21.5 ng/mL), prolactin 5.8 ng/mL (3–30 ng/
mL), TSH 1.48 mIU/L (0.40–4.50 mIU/L), and carotene 234 μg/
dL (6–77 μg/dL). Repeat laboratories several months later con-
firmed these findings. Bone density showed Z-scores of −3.1 at the 
lumbar spine, −0.6 at the right femoral neck, −0.7 at the right total 
hip, and −1.1 at the left one- third radius.

 Assessment and Diagnosis

The most likely diagnosis for a young woman presenting with 
secondary amenorrhea and low BMI is functional hypothalamic 
amenorrhea (FHA). FHA is defined as amenorrhea with low 
estrogen and the absence of organic abnormality. It is caused by 
disruption of the hypothalamic-pituitary-gonadal axis with abnor-
mal gonadotropin-releasing hormone (GnRH) pulsatility, which 
in turn affects luteinizing hormone (LH) pulse amplitude, leading 
to low estradiol levels. FHA can result from weight loss, eating 
disorders, excessive exercise, or psychological stress [1].

As FHA is a diagnosis of exclusion, it is important to rule out 
other causes of secondary amenorrhea. Basic evaluation begins 
with a serum pregnancy test. Clinicians should also perform a 
careful review of medications for recent oral contraceptive use or 
psychiatric medications that could cause hyperprolactinemia. 
Physical examination should focus on evaluation for possible eat-
ing disorders, which may present with bradycardia, hypothermia, 
loss of dental enamel, salivary gland enlargement, cool extremi-
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ties, lanugo (fine body hair), and hypercarotenemia. Other differ-
ential diagnoses that should be ruled out by thorough history, 
physical examination, and laboratories include sellar mass, poly-
cystic ovarian syndrome, premature ovarian insufficiency, and 
intrauterine adhesions.

In this patient presented in the preceding vignette, history 
revealed restrictive eating behavior in the setting of high levels of 
physical activity. Together with her history of low bone mineral 
density, her presentation is most consistent with a type of FHA 
called relative energy deficiency in sport (RED-S). RED-S is 
adapted from the Female Athlete Triad, which includes women 
with irregular periods, low energy availability, and low 
BMD. RED-S is a syndrome affecting multiple layers of physio-
logic function that can affect both male and female athletes. It is 
caused by an imbalance between dietary intake and energy expen-
diture, leading to inadequate energy for maintenance of health 
and optimal functioning [2–4].

In addition to hypogonadism, patients with RED-S often have 
additional hormonal alterations including higher cortisol levels, 
higher ghrelin (orexigenic), lower leptin (anorexigenic), and 
lower insulin-like growth factor 1 (IGF-1) than their peers 
(Fig. 9.1) [5, 6].

Energy deficit 

*HPA axis

GH ACTH FSH, LH

IGF-1

Bone density, bone mass

T4 and T3 Estrogen,
testosterone

 

TSH

Cortisol
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metabolic
rate

 
 

A relative energy deficit leads to direct pressure
on the hypothalamus and pituitary gland to
alter hormone secretion in a deleterious
manner for bone health.

Fig. 9.1 Key endocrine hormones in RED-S. *HPA = hypothalamic- pituitary 
adrenal
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Low BMD is a primary concern in FHA and in RED-S in 
particular. Patients with onset of FHA during adolescent years 
may fail to attain peak bone mass, which can be compounded 
by ongoing bone loss. Studies comparing bone density in 
eumenorrheic and amenorrheic athletes have demonstrated sig-
nificantly lower BMD in women with menstrual disturbances, 
as well as an increased risk of stress fractures. The etiology is 
multifactorial, stemming from hypoestrogenism, nutritional 
deficiencies, elevated cortisol levels, and low IGF-1. Low tes-
tosterone may also contribute to bone loss in both females and 
males [7–10].

Identification of RED-S in men is less common than in women, 
although men participating in endurance sports with high energy 
expenditure or in weight-sensitive sports such as wrestling, box-
ing, and rowing are at risk. A lower rate of diagnosis may be due 
to the fact that hypogonadism can be more difficult to  recognize 
in men and that many clinicians are unfamiliar with the diagnosis. 
Further research in this area is needed [10].

 Management

FHA is often challenging to treat and requires an interdisciplinary 
approach between nutritionists, mental health providers, and the 
medical team. The primary objective is to correct the energy 
imbalance by encouraging increased caloric intake and moderat-
ing exercise. It is common for patients to be resistant to therapy: 
it often requires weight gain, and for RED-S patients, it can 
require drastically reducing or ceasing athletic endeavors. In 
patients with severe electrolyte abnormalities, bradycardia, or 
hypotension, inpatient treatment may be necessary [5].

For those with a mild presentation, nutritional counseling 
can be sufficient. Cognitive behavioral therapy (CBT) is another 
non- pharmacologic intervention that has proven effective for 
FHA—women treated with CBT are more likely to recover 
ovarian activity and have been noted to have lower cortisol, 
higher leptin, and higher TSH than those treated with observa-
tion alone [11].
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In terms of pharmacologic therapy, clinicians should start by 
ensuring that patients are receiving adequate amounts of calcium 
and vitamin D. Current recommendations state that optimal cal-
cium intake for amenorrheic athletes is 1500 mg/day, as opposed 
to 1200  mg/day for healthy, menstruating teenagers and young 
adults [12]. Ideally, most of the 1500 mg/day of calcium should 
come from food sources rather than supplements, which have 
variable absorption. Children and young adults require at least 
600  IU/day of vitamin D, and titration based on serum 
25-hydroxyvitamin D levels is often necessary [13]. Vitamin D is 
less readily available from food than calcium and should be taken 
in supplement form if the patient is found to be deficient.

Treatment with oral contraceptive pills (OCPs) for resumption 
of menses or low BMD is not recommended, as there are no 
strong data for a protective effect on bone, perhaps due to the 
downregulation of the bone-trophic hormone, IGF-1, by ethinyl 
estradiol-containing OCPs. For women who have ongoing amen-
orrhea despite a reasonable trial of conservative measures 
(approximately 6–12  months), short-term treatment with trans-
dermal estradiol and cyclic progesterone is appropriate [5, 14].

The use of bisphosphonates in patients with low BMD is not 
recommended. There is not strong evidence for efficacy, and sig-
nificant concern exists for teratogenicity in women of reproductive 
age. Similar concerns are present for denosumab, which has not 
been studied in premenopausal women and may also pose a risk for 
teratogenicity. In rare, severe cases such as patients with very low 
BMD and delayed fracture healing, recombinant parathyroid hor-
mone can be considered, although failure to correct the underlying 
energy deficit will likely blunt the efficacy of PTH therapy [5].

 Outcome

With weight gain and reduction in exercise, the patient resumed 
menses after several months. She remains off hormone replace-
ment therapy and continues to work closely with a nutritionist and 
mental health provider. Repeat bone density showed modest 
improvement.
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Clinical Pearls/Pitfalls
• Functional hypothalamic amenorrhea (FHA) is second-

ary amenorrhea due to low energy availability or stress 
and is a diagnosis of exclusion.

• Relative energy deficiency in sport (RED-S) is a type of 
FHA present in athletes with a variety of physiologic 
impairments including low BMD.

• FHA can be difficult to treat and often requires a multi-
disciplinary team.

• Oral contraceptive pills, bisphosphonates, and deno-
sumab should not routinely be used as treatments for 
FHA, but rather the focus of therapy should remain to 
correct the energy deficit.
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Chronic Kidney Disease – 
Mineral and Bone Disorder 
(CKD-MBD)

Valerie S. Barta, Maria V. DeVita, 
and Jordan L. Rosenstock

 Case Presentation

A 62-year-old woman with chronic kidney disease stage 4 (CKD 
4) due to uncontrolled hypertension and diabetes mellitus type 2 
is referred for evaluation of elevated parathyroid hormone (PTH). 
She has had mild diffuse skin itching over the last few months but 
otherwise feels well without history of bone pain or fractures. On 
physical exam, she has full range of motion and strength in her 
joints and extremities. There is no joint inflammation or bony 
abnormalities. Her skin is well perfused and without rash. Her 
laboratories are pertinent for serum creatinine 3.2  mg/dL, esti-
mated glomerular filtration rate (eGFR) 20 mL/min, bicarbonate 
(HCO3)– 19 mmol/L (22–31 mmol/L), phosphate 6.2 mg/dL (2.5–
4.5  mg/dL), 25-hydroxyvitamin D 18  ng/mL (30–80  ng/mL), 
1,25-dihydroxyvitamin D (calcitriol or [1,25-(OH)2-D]) 20  pg/
mL (19.9–79.3 pg/mL), calcium (Ca2+) 8.2 mg/dL (8.4–10.5 mg/
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dL), albumin 4.0  g/dL, intact PTH 375  pg/mL (15–65  pg/mL), 
and bone-specific alkaline phosphatase (BALP) 75  μg/L 
(4–36 μg/L). A CT scan performed 2 months previously showed 
coronary artery calcifications.

 Assessment and Diagnosis

Chronic kidney disease with mineral and bone disorder (CKD- 
MBD) describes the systemic alterations in mineral, metabolic, 
hormonal, and bone homeostasis that can increase the risk of frac-
tures, vascular calcification, cardiovascular morbidity, and mortal-
ity in patients with eGFR <60 mL/min. Patients with CKD are 2–17 
times more likely to experience bone fracture than the general pop-
ulation. This risk increases proportionately as kidney function 
declines, with most CKD patients stages three to five showing signs 
of high bone turnover and increased PTH [1, 2]. Rates of hip frac-
ture in end-stage kidney disease (ESKD) have increased over the 
last 30  years. CKD patients with bone fractures have decreased 
quality of life, longer hospitalizations, incur higher healthcare 
costs, and experience a 16–60% increase in morbidity and mortality 
compared to patients who fracture with normal kidney function [3]. 
CKD-MBD affects bone and mineral metabolism in three main 
areas: serum mineral and hormone imbalance, decreased bone 
quality and strength, and increased extraskeletal calcifications.

Serum biomarkers used to assess CKD-MBD include phos-
phate, 1,25-dihydroxyvitamin D, calcium, bicarbonate, PTH, 
and fibroblast growth factor-23 (FGF-23) (Table 10.1). As eGFR 
declines, phosphate clearance is reduced, triggering the rise in 
phosphaturic hormones PTH and FGF-23 in a feedback loop to 
increase kidney excretion of phosphate. Hyperphosphatemia 
and elevated FGF-23 along with reduced kidney function result 
in low 1,25-dihydroxyvitamin D which causes hypocalcemia, 
yet another trigger for PTH release. Chronic overproduction of 
parathyroid hormone results in the typical high turnover bone 
disease seen in these patients (Fig.  10.1). Additionally, meta-
bolic acidosis is frequent in CKD and directly causes bone loss, 
impaired bone mineralization, and increased FGF-23 
(Table 10.1) [4].
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Renal osteodystrophy is a broad term describing the various 
effects of CKD-MBD on bone formation and resorption. Bone 
morphology in CKD is mainly impacted by the rate of bone turn-
over; degree of bone mineralization and bone volume play a lesser 
role. The net effect of the abovementioned mineral/hormone 
imbalance is a PTH-induced increase in bone resorption (coupled 
with increased bone formation) leading to higher rates of bone 
turnover. The type and degree of renal osteodystrophy depend on 
the combination of these factors and the guideline-derived medi-
cal interventions initiated in response to abnormal serum bio-
markers (Fig. 10.2). In early CKD, bone turnover rates tend to be 
high, driven by secondary hyperparathyroidism. As CKD pro-
gresses to ESKD, low bone turnover is more prevalent [1]. This 
may partially be iatrogenic, due to over-suppression of PTH by 
medications such as calcium-based phosphate binders, activated 
vitamin D, and calcimimetics.

The third component of CKD-MBD is extraskeletal calcifica-
tion. Accelerated vascular calcification is one of the strongest 
predictors of cardiovascular events and mortality in CKD [5]. 
Hyperphosphatemia has been consistently shown to increase 
mortality, likely due to its direct calcifying effect on coronary 
vessels and valves [6]. Many other mineral and hormonal altera-

Phosphate
balance

FGF23

1,25
Vitamin D 

Calcium

Kidney 
function

High
turnover bone

Bone 
resorption

Bone 
formation

PTH

Fig. 10.1 Drivers of secondary hyperparathyroidism in CKD-MBD
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tions in CKD-MBD and their treatments have been associated 
with increased vascular calcification, cardiovascular events, and 
mortality, including hypercalcemia, the use of calcium-based 
phosphate binders, high FGF-23, and both high and low PTH 
[7–9]. Calcimimetics such as cinacalcet that reduce PTH and cal-
cium levels may possibly reduce vascular calcification risk in 
ESKD [10]. Calciphylaxis is a rare but often deadly condition 
associated with CKD-MBD seen almost exclusively in advanced 
CKD/ESKD. It is thought to be caused by hydroxyapatite deposi-
tion within vessel layers and surrounding subcutaneous adipose 
tissue resulting in painful skin ulcerations that turn necrotic and 
are easily infected. These patients need immediate referral to a 
multidisciplinary care team including a nephrologist, vascular 
surgeon, and dermatologist, as the 1-year mortality rate is greater 
than 50% [11].

 Management

The management of CKD-MBD is centered on preventing the 
adverse consequences associated with secondary hyperparathy-
roidism.

Low bone turnover

Mixed

High bone turnover

Adynamic bone disease

• More common in late CKD/ESKD
• Can be caused by over-suppressed PTH as a result of secondary hyperparathyroidism

treatments (activated vitamin D, calcimimetics, calcium-based phosphate binders)
• Associated with vascular calcification and high fracture risk

Osteomalacia

• Low mineralization
• Rare since no longer using aluminum based phosphate binders
• Can be caused by Fe overload, low vitamin D, low phosphate, chronic acidosis
• Causes soft painful bones
• High fracture risk including stress fractures

Mixed high turnover

bone disease with low

mineralization

High turnover bone

disease

• Features of high bone turnover and osteomalacia
• Can be caused by untreated secondary hyperparathyroidism

• More common in earlier or untreated CKD-MBD
• Loss of cortical bone leads to increased fractures especially of long bones

Fig. 10.2 Four types of renal osteodystrophy
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 Hyperphosphatemia

• Low phosphate diet
• Phosphate binders

Hyperphosphatemia drives secondary hyperparathyroidism, 
increased serum FGF-23, and inhibits vitamin D activation in 
CKD. As such, an important early intervention in CKD-MBD is 
counseling the patient on dietary phosphate restriction, less than 
800–1000  mg/day, to keep phosphate “toward normal range” 
[12]. Controlling phosphate intake can be challenging for patients. 
The typical American diet includes highly processed foods with 
large amounts of inorganic phosphate additives. These foods con-
tain nearly 60% more phosphate than similar organic sources 
without additives, and inorganic phosphate is 100% bioavailable 
[13]. Two recent trials have shown that dietary guidance on 
removing foods containing phosphate additives in ESKD patients 
led to significantly lower serum phosphate levels [14, 15]. Plant- 
based sources of dietary phosphate, such as grains and legumes, 
are less bioavailable than natural animal-based sources like dairy, 
and both of these natural phosphate sources are less bioavailable 
than foods with inorganic phosphate additives [16, 17].

While dietary control is imperative in hyperphosphatemia, 
inorganic phosphate additives are ubiquitous and difficult to 
avoid. Patients will often need medication to help reduce their 
serum phosphate. Calcium-containing phosphate binders (cal-
cium carbonate and calcium acetate) are the most frequently used 
worldwide as they are readily available and affordable. However, 
guidelines now suggest “restricting the dose” of calcium-based 
binders due to their association with adynamic bone disease, vas-
cular calcification, and mortality, likely attributable to the calcium 
component [12, 16]. Non-calcium-based binders (sevelamer car-
bonate and sevelamer hydrochloride) are the most common alter-
natives; however, like calcium-based binders, their use is limited 
by pill burden, compliance, and gastrointestinal side effects. 
Newer phosphate binders contain iron (sucroferric oxyhydroxide 
and ferric citrate) which have the additional benefit of improving 
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anemia which is common in CKD patients. A recent trial showed 
that sucroferric oxyhydroxide slowed vascular calcification in 
dialysis patients [18]. Intestinal phosphate transport inhibitors, 
tenapanor and nicotinamide, are currently in preclinical testing. 
Rather than binding gut phosphorous each meal, these agents 
block paracellular transport of phosphate, reducing intestinal 
absorption [17]. How these agents will compare to phosphate 
binders in terms of efficacy, gastrointestinal side effects, and 
decreased pill burden remains to be determined.

 Secondary Hyperparathyroidism

• Decrease serum phosphate
• Increase 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D
• Decrease PTH with activated vitamin D and/or calcimimetics

The optimal PTH level in CKD is not known. KDIGO suggests 
reducing “progressively rising or persistently elevated” PTH [12]. 
Lowering PTH in secondary hyperparathyroidism involves nor-
malizing serum phosphate and repleting both nutritional 
25-hydroxyvitamin D deficiency and acquired 
1,25- dihydroxyvitamin D deficiency. Activated vitamin D (cal-
citriol or its analogs doxercalciferol, paricalcitol, and alfacalcidol) 
is frequently used to effectively lower PTH. These medications 
can result in hypercalcemia, increased intestinal phosphate 
absorption, and over-suppression of PTH, so careful attention to 
dosing and monitoring of serum calcium, phosphate, and PTH 
levels is prudent [19, 20]. Current guidelines suggest using 
 activated vitamin D only in patients with CKD 4, 5, and ESKD 
who have “severe and progressive hyperparathyroidism” [12].

Calcimimetics such as cinacalcet or etelcalcetide can be used 
as an alternative to or in conjunction with activated vitamin D to 
treat secondary hyperparathyroidism, but they are currently only 
approved for use in ESKD. Calcimimetics suppress PTH secre-
tion by binding the calcium-sensing receptor on the parathyroid 
gland. They effectively control PTH in dialysis patients and are 
especially useful in patients who have hypercalcemia and hyper-
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phosphatemia which limit the use of activated vitamin D. However, 
despite cinacalcet effectively lowering PTH in a large trial of 
dialysis patients with severe hyperparathyroidism, there was no 
reduction in fracture risk or cardiovascular events [21]. Multiple 
gland parathyroidectomy is ultimately recommended for those 
with severe hyperparathyroidism who do not respond to or who 
develop contraindications to medical therapy [12].

 Chronic Metabolic Acidosis

Metabolic acidosis is extremely common among CKD patients 
and can directly contribute to bone loss. Acutely, the bone buf-
fers acid, releasing calcium. Chronic metabolic acidosis tilts the 
bone turnover scale toward increased resorption and decreased 
bone formation. It also increases osteoblast production of FGF-
23 which further decreases bone formation as well as mineral-
ization [4]. There have been accumulating data that treating 
metabolic acidosis may slow the progression of kidney disease 
[22], so CKD guidelines recommend administering base when 
the serum bicarbonate is less than 22 meq/L. [23] Whether treat-
ing metabolic acidosis in CKD improves bone disease has not 
yet been specifically studied. We treat metabolic acidosis in 
CKD with a reduced acid diet (lower animal protein) and oral 
sodium bicarbonate. A new agent, veverimer, that acts as a 
hydrogen and chloride binder in the gastrointestinal tract, is 
under investigation for treating metabolic acidosis in CKD and 
has shown efficacy in early studies [24], although bone effects 
have not been evaluated.

 Osteoporosis

• Assess bone mineral density in CKD 3–5 and ESRD with 
DXA

• Assess bone turnover, using PTH and bone-specific alkaline 
phosphatase

V. S. Barta et al.



117

• If high bone turnover, consider these agents:
 – Bisphosphonates (dose caution, nephrotoxicity of intrave-

nous forms)
 – Denosumab (monitoring for hypocalcemia)

• If low bone turnover, consider osteoanabolic agents

It is suggested that any CKD patient with evidence of renal osteo-
dystrophy and fracture should be considered as having osteoporosis, 
as their bone quality and strength are similarly impaired [1]. New to 
KDIGO guidelines in 2017, the use of DXA to determine BMD is 
now recommended in patients with CKD 3 and up, who have “evi-
dence of CKD-MBD or risk factors for osteoporosis” [12]. Treating 
low BMD in CKD first involves assessing the degree of bone turn-
over. While a bone biopsy is the gold standard in assessing bone 
turnover and quality, it is an invasive and lengthy process that is 
rarely performed clinically [25, 26]. Measuring bone turnover mark-
ers such as PTH and BALP is a more practical way to assess bone 
turnover rates, though these have limitations [1, 27, 28]. Significantly 
high PTH and BALP levels in CKD patients correlate with high 
bone turnover, and significantly low levels correlate to low bone 
turnover states. Unfortunately, intermediate levels are difficult to 
interpret, and a bone biopsy would be ideal in such patients [1].

Treatment of osteoporosis in CKD can be challenging. 
Bisphosphonates are cleared by the kidney resulting in a pro-
longed blood half-life, although this is dwarfed by the bone half- 
life so the clinical implications are unclear [29]. Nephrotoxicity 
has been reported, particularly with intravenous agents. 
Pamidronate is associated with focal glomerular sclerosis (espe-
cially with multiple high doses), and zoledronic acid has been 
reported to cause acute tubular injury even at the 4 mg dose [29, 
30]. However, recent data suggest that with careful attention to 
dosing, infusion rates, and treatment frequency in CKD, nephro-
toxicity is rare [1]. Denosumab is not cleared by the kidney; how-
ever, serum calcium needs to be monitored frequently 
posttreatment as it can cause severe hypocalcemia in CKD [31]. 
While bisphosphonates should be avoided in low bone turnover 
disease, osteoanabolic agents are likely useful in this setting [1]. 
Teriparatide has been studied in small numbers of patients with 
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Clinical Pearls/Pitfalls
• Most patients with chronic kidney disease (CKD) 3 

through end-stage kidney disease have some degree of 
chronic kidney disease-mineral and bone disorder 
(CKD-MBD).

• Preventing or delaying progressive metabolic and bone 
complications is essential to reducing the high morbidity 
and mortality rates associated with CKD-MBD.

• In patients with CKD, careful monitoring of bone and min-
eral abnormalities can represent opportunities to reduce 
risk of fractures, cardiovascular events, and mortality.

ESKD and low bone turnover [32, 33]. Abaloparatide may have 
an advantage over teriparatide in that it is less likely to cause 
hypercalcemia, but this has not been tested in CKD [34].

 Outcome

We educated our patient to avoid highly bioavailable dietary phos-
phate loads, such as processed foods with inorganic phosphate 
additives (e.g., canned food, dark sodas/colas, deli meat), as well 
as animal-derived phosphate sources including dairy. At her fol-
low- up visit, her serum phosphate remained above normal, and she 
admitted to struggling with limiting her milk consumption. 
Sevelamer carbonate was initiated at 800 mg three times daily with 
meals to bind dietary phosphate in the gut and limit its absorption, 
with the goal of returning serum phosphate toward normal levels.

We started cholecalciferol 5000  IU daily, achieving a 
25-hydroxyvitamin D level of 40  ng/mL.  On follow-up, her 
1,25-dihydroxyvitamin D and calcium levels remained in the low 
normal range; however, her PTH was still quite elevated at 288 pg/
mL. Calcitriol 0.25 μg 3× weekly was started, which increased 
her 1,25-dihydroxyvitamin D and calcium levels to the mid- 
normal range, and reduced PTH to 109 pg/mL. 

We added sodium bicarbonate tablets of 650 mg three times 
daily to our patient’s regimen, with improvement in serum HCO3- 
level to 23 mEq/L.
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 Case Presentation

A 68-year-old postmenopausal woman with history of seizure dis-
order currently on carbamazepine presented to endocrine clinic 
for evaluation of osteoporosis. She sustained a traumatic left wrist 
fracture 12 years ago, with no history of falls or other fragility 
fractures in recent years. She had a height loss of 2 inches of 
unknown duration. She had no history of kidney stones, thyroid, 
or parathyroid disease. She had lactose intolerance which limited 
her dietary calcium intake. There was no family history of bone 
disease or fracture. Physical examination was unremarkable. 
Laboratories were significant for 25-hydroxyvitamin D 11.5 ng/
mL, alkaline phosphatase 127  U/L (normal, 40–120  U/L), and 
serum cross-linked N-terminal telopeptide 24.1 (normal, 6.2–
19  nmol BCE/mmol Cr). Calcium, PTH, TSH, eGFR, and 
1,25- dihydroxyvitamin D levels were within normal limits. DXA 
showed T-scores of −2.9 at the lumbar spine, −2.0 at the left fem-
oral neck, −2.7 at the right femoral neck, and −3.3 at the distal 
radius. She was started on calcium and vitamin D  supplementation. 
What are the pharmacologic treatment options for this patient?
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 Management

Osteoporosis treatment includes both nonpharmacologic and 
pharmacologic therapy. Nonpharmacologic treatment includes 
adequate calcium and vitamin D intake, cessation of smoking, 
limitation of alcohol intake, fall prevention techniques, and 
weight-bearing exercises [1].

Pharmacologic treatment options fall into two categories: anti-
resorptive agents (those that mainly act to decrease bone resorp-
tion) and osteoanabolic agents (those that mainly act to increase 
bone formation). Antiresorptive agents include bisphosphonates, 
denosumab, estrogen/hormone replacement therapy, and selective 
estrogen receptor modulators [2]. Osteoanabolic agents include 
PTH and PTHrP analogs, teriparatide and abaloparatide (Chap. 
13). Romosozumab is a monoclonal antibody against sclerostin 
that both increases bone formation and decreases bone resorption 
(Chap. 14). In this chapter, we will review antiresorptive agents in 
further detail.

 Bisphosphonates (BPs)

Bisphosphonates (BPs) are antiresorptive agents that inhibit 
osteoclastic bone resorption by binding to hydroxyapatite- binding 
sites on bony surfaces that are undergoing active resorption. They 
also reduce osteoclast progenitor cell development and recruit-
ment and promote osteoclast apoptosis, thereby reducing osteo-
clast activity.

The bisphosphonate class includes alendronate, ibandronate, 
risedronate, and zoledronic acid. Pamidronate, etidronate, and 
clodronate are no longer commonly used. Alendronate, risedro-
nate, and ibandronate are available as oral medications for daily 
or weekly dosing (alendronate and risedronate) or monthly dosing 
(risedronate and ibandronate). Intravenous (IV) formulations 
include ibandronate every 3  months and zoledronic acid for 
annual infusion [3].

Alendronate, risedronate, and zoledronic acid improve bone 
mineral density and reduce vertebral and nonvertebral fracture 
risk. Although ibandronate was shown to reduce vertebral frac-
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tures, there was no effect on nonvertebral fracture risk in the piv-
otal clinical trial [1]. The American Association of Clinical 
Endocrinology and Endocrine Society guidelines recommend 
BPs, excluding ibandronate, as a first-line treatment option for 
osteoporosis in postmenopausal women and men and for 
glucocorticoid- induced osteoporosis [4, 5].

Alendronate is FDA approved for treatment of postmenopausal 
osteoporosis, male osteoporosis, and glucocorticoid-induced 
osteoporosis. The pivotal Fracture Intervention Trial (FIT) dem-
onstrated a significant reduction in the incidence of vertebral frac-
tures with alendronate therapy for 3–4  years [6]. There were 
reductions in radiographic vertebral (RR 0.52, 95% CI 0.42–0.66), 
clinical vertebral (RR 0.55, 95% CI 0.36–0.82), hip (RR 0.47, 
95% CI 0.26–0.79), and all clinical fractures (RR 0.70, 95% CI 
0.59–0.82), with significant reductions in clinical fracture risk 
noted by 12 months into the trial. In a meta-analysis of 11 trials of 
alendronate versus placebo, alendronate demonstrated reductions 
in vertebral fractures in patients both with and without a previous 
history of fracture (RR 0.55 for both), in addition to hip (RR 0.47) 
and nonvertebral (RR 0.77) fractures [7].

Similar to alendronate, risedronate has also been FDA approved 
for postmenopausal osteoporosis, male osteoporosis, and 
glucocorticoid- induced osteoporosis and has demonstrated effi-
cacy for vertebral, hip, and nonvertebral fractures. In a meta- 
analysis of eight randomized trials of risedronate versus placebo, 
risedronate reduced the risk of vertebral (RR 0.64) and nonverte-
bral (RR 0.73) fractures [8]. In the Fosamax Actonel Comparison 
Trial international study (FACTS) with 12-month extension, a 
randomized control trial of alendronate versus risedronate, alen-
dronate had greater BMD gains and reduction in bone turnover 
markers when compared to risedronate, with no significant change 
in upper gastrointestinal tolerability [9]. Fracture outcomes were 
not measured.

Zoledronic acid, a third-generation bisphosphonate, is 
approved for use in postmenopausal osteoporosis, male osteopo-
rosis, and glucocorticoid-induced osteoporosis. The Health 
Outcomes and Reduced Incidence with Zoledronic Acid Once 
Yearly (HORIZON) Pivotal Fracture Trial compared zoledronic 
acid to placebo over a 3-year period and demonstrated a decrease 
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in morphometric vertebral fractures by 70%, hip fractures by 
41%, and nonvertebral fractures by 25% [10]. As an annual infu-
sion, it is a convenient and effective treatment option that may 
have an advantage over other agents for patients for whom treat-
ment adherence or gastrointestinal intolerance may be an issue 
[11].

Contraindications for BPs include known hypersensitivity, 
esophageal abnormalities, delayed esophageal emptying, achala-
sia, hypocalcemia, and severe renal impairment with creatinine 
clearance below 30–35 mL/min, since they are cleared by the kid-
neys.

Side effects of BPs include upper gastrointestinal discomfort, 
indigestion, and heartburn. Oral BPs should be administered with 
a full glass of water, in the morning, on an empty stomach, and 
patients should remain upright for at least 30 min after the dose 
and delay eating for 30 min (with the exception of ibandronate, 
which requires 60  min). This procedure for administration is 
needed to improve bioavailability and mitigate gastrointestinal 
side effects. IV formulations can cause an acute phase reaction 
including fever and myalgias, and pretreatment with fluids and 
acetaminophen may prevent and reduce these symptoms [1]. 
Other adverse events include transient hypocalcemia, transient 
hypophosphatemia, myalgias, joint pain, back pain, headache, 
and dizziness. Rare but reported adverse effects include toxic epi-
dermal necrosis and oropharyngeal ulceration [3]. BPs are associ-
ated with atypical femoral fractures (AFF) and osteonecrosis of 
jaw (ONJ), although these are rare events (5.9/100,000 person- 
years and 2/100,000 patient-years, respectively) [2]. It is impor-
tant to weigh these rare complications against the significant 
benefits to reduce fracture risk. Adverse events from bisphospho-
nate therapy are further addressed in Chap. 12.

The FIT Long-term Extension Trial (FLEX) compared treat-
ment duration with alendronate for 5 years versus 10 years [12]. 
The authors concluded that treatment with alendronate for 5 years 
was sufficient to maintain bone mass and decrease bone remodel-
ing. The American Society for Bone and Mineral Research, the 
United States Preventive Services Task Force, and the American 
College of Physicians suggest consideration of a drug holiday 
after 3  years of treatment with intravenous zoledronic acid or 
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5 years with an oral BP. If there is high fracture risk, including 
patients with persistently low T-scores, previous major osteopo-
rotic fractures, or fractures while on therapy, continuation of ther-
apy for up to 10 years should be considered [2]. “Drug holidays” 
are further addressed in Chap. 15. Patients on oral bisphospho-
nates should be periodically monitored for treatment compliance.

 Denosumab

Denosumab is the first biologic antiresorptive agent for osteopo-
rosis. It is a fully human monoclonal antibody that inhibits recep-
tor activator of nuclear factor-kappa B ligand (RANKL) to reduce 
bone resorption. RANKL is expressed on osteoblastic cells and 
binds to its receptor on RANK, present on the osteoclast surface 
and essential for osteoclast formation, activity, and survival [2].

Denosumab has been demonstrated to reduce vertebral, hip, 
and nonvertebral fractures in postmenopausal osteoporotic 
women. Denosumab has been approved by the FDA for the treat-
ment of postmenopausal osteoporosis with high fracture risk, 
women with breast cancer receiving adjuvant aromatase inhibitor 
therapy, men with osteoporosis, men with prostate cancer receiv-
ing androgen deprivation therapy, and glucocorticoid-induced 
osteoporosis. The osteoporosis treatment dose is 60 mg subcuta-
neously every 6 months as a prefilled syringe administered by a 
healthcare professional. It is degraded independently of hepatic 
metabolism, with the serum concentration decreasing slowly over 
3–5 months, and becoming undetectable after 6 months post dose 
in more than half of the recipients [13]. The American Association 
of Clinical Endocrinology and Endocrine Society guidelines rec-
ommend denosumab as a first-line treatment option [4, 5] (see 
Table 11.1).

The Fracture Reduction Evaluation of Denosumab in 
Osteoporosis Every 6 Months (FREEDOM Trial) was a random-
ized, placebo- controlled clinical trial which included 7868 post-
menopausal women with osteoporosis [14]. Over a period of 
3  years, denosumab significantly reduced the risk of vertebral 
fractures by 68%, nonvertebral fractures by 20%, and hip frac-
tures by 40% compared to placebo. Denosumab reduces bone 
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Table 11.1 Antiresorptive agents, FDA-approved indications, and dosing

Antiresorptive 
agents Indications Treatment dosing

Bisphosphonates

   Alendronate Osteoporosis in postmenopausal 
women and men
Glucocorticoid-induced 
osteoporosis

10 mg PO daily 
or
70 mg PO 
weekly

   Risedronate Osteoporosis in postmenopausal 
women and men
Glucocorticoid-induced 
osteoporosis

5 mg PO daily or
35 mg PO 
weekly or
150 mg PO 
monthly

   Zoledronic acid Osteoporosis in postmenopausal 
women and men
Glucocorticoid-induced 
osteoporosis

5 mg IV annually

   Ibandronate Osteoporosis in postmenopausal 
women

2.5 mg PO daily 
or
150 mg PO 
monthly or
3 mg IV every 
3 months

Denosumab Osteoporosis in postmenopausal 
women and men
Bone loss associated with 
aromatase inhibitor therapy in 
postmenopausal women with 
breast cancer
Bone loss associated with 
androgen deprivation therapy in 
men with prostate cancer
Glucocorticoid-induced 
osteoporosis

60 mg SC every 
6 months

Selective estrogen receptor modulators

Raloxifene Osteoporosis in postmenopausal 
women

60 mg PO daily

Bazedoxifene- 
conjugated equine 
estrogen

Prevention of osteoporosis in 
postmenopausal women

20 mg/0.45 mg 
PO daily

Indications and doses taken from medication package insert
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turnover markers, correlating with improvement in BMD at the 
lumbar spine and total hip. According to the open-label 
FREEDOM extension study through up to 10 years of denosumab 
treatment, there were continued increases in BMD without pla-
teau, low fracture incidence compared with observed rates during 
the original trial, and overall low rates of adverse events [15].

Adverse events include AFF (0.8 per 10,000 patient-years), 
ONJ, skin infections, dermatological reactions, and hypocalcemia 
[13]. While denosumab therapy is not contraindicated in patients 
with decreased renal function, symptomatic hypocalcemia is a 
clinical concern in these patients, especially in those with creati-
nine clearance less than 30 mL/min and with end-stage renal dis-
ease on dialysis. Preexisting hypocalcemia is a contraindication 
for denosumab use and must be corrected before initiating treat-
ment. Calcium levels should be monitored before each dose of 
denosumab, as well as within 2 weeks of the first dose in patients 
predisposed for hypocalcemia, such as patients with hypoparathy-
roidism, prior thyroid or parathyroid surgery, malabsorption syn-
dromes, or small bowel resection [16].

Discontinuation of denosumab treatment is characterized by a 
transient increase in bone turnover markers and reversal of its 
favorable skeletal effects, referred to as “rebound phenomenon,” 
with possible risk of multiple vertebral fractures. According to the 
European Calcified Tissue Society, fracture risk should be 
assessed after 3–5 years of treatment with denosumab. In indi-
viduals with high fracture risk, treatment should be continued for 
up to a total of 10 years or switched to alternative treatment, while 
those with low fracture risk may discontinue denosumab after 
2.5 years. In either situation, therapy should be transitioned to an 
oral bisphosphonate for 12–24  months or zoledronic acid for 
1–2  years to reduce or prevent the rebound increase in bone 
 turnover, before giving a drug holiday [17]. The American 
Association of Clinical Endocrinology and Endocrine Society 
guidelines also recommend transitioning to another antiresorptive 
therapy after denosumab [4, 5]. Data suggest zoledronic acid may 
not be able to fully preserve bone density gains after discontinua-
tion of denosumab [18]. The use of teriparatide following deno-
sumab has been associated with bone loss at some skeletal sites, 
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and therefore it may not be an effective sequential therapy after 
denosumab in high-risk patients [19].

 Hormone Replacement Therapy (HRT)

Menopause is characterized by estrogen deficiency leading to 
bone loss and increased fracture risk. Hormone replacement ther-
apy with combined estrogen and progesterone or estrogen alone 
has shown effectiveness in reducing vertebral and nonvertebral 
fractures in postmenopausal women. HRT is approved by the 
FDA for prevention of osteoporosis but not for treatment. Studies 
have shown that HRT is associated with increased risk of breast 
cancer, stroke, and coronary heart disease. However, it has been 
suggested that the route of administration and dosage of estrogen 
affects the severity of these adverse events. When compared to 
oral estrogen therapy, transdermal therapy has been associated 
with a reduced risk of atherosclerotic vascular disease. The risk 
benefit profile is also better when lower doses of estrogen are 
used. According to guidelines from the International Menopause 
Society, in women up to 60 years of age or within 10 years after 
menopause, benefits of HRT may outweigh the risks, and HRT 
can be used to relieve vasomotor symptoms of menopause along 
with BMD benefits. For women greater than 60 years of age or 
more than 10 years after menopause, initiation of HRT has to be 
individualized and is usually not recommended due to risks [20]. 
Endocrine Society guidelines suggest HRT can be used for ther-
apy of osteoporosis in women <60 years and within 10 years of 
menopause with vasomotor and climacteric symptoms, without 
known contraindications, and for whom bisphosphonates or deno-
sumab are not appropriate [5].

 Selective Estrogen Receptor Modulators (SERMs)

Selective estrogen receptor modulators (SERMs) have estrogen- 
agonist effects on bone and estrogen-antagonist effects in breast 
tissue, thereby affecting bone homeostasis by downregulating 
osteoclast activity and reducing bone resorption. While SERMs 
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can improve bone density and decrease vertebral fracture risk in 
postmenopausal osteoporosis, they have opposite effects in pre-
menopausal women as they compete with estrogen and are weaker 
agonists than estrogen. The SERM class includes tamoxifen, ral-
oxifene, lasofoxifene, and bazedoxifene. Raloxifene has been 
FDA approved for treatment of postmenopausal osteoporosis and 
bazedoxifene-conjugated estrogen approved for prevention of 
postmenopausal osteoporosis. SERMs are primarily used in 
young postmenopausal women and are particularly recommended 
if there is a family history of invasive breast cancer, since their use 
reduces the incidence of breast cancer. They can maintain BMD 
and help reduce incidence of vertebral fractures, but do not reduce 
hip or nonvertebral fractures. Common side effects include hot 
flashes and atrophic vaginitis. SERMs have been associated with 
a higher risk of venous thromboembolism, including deep vein 
thrombosis, pulmonary embolism, and stroke [21] (Table 11.1).

 Outcome

Risk factors for osteoporosis in our patient included postmeno-
pausal status, vitamin D deficiency, and carbamazepine use. After 
discussion of risks and benefits, she was most interested in ther-
apy with denosumab. She has started treatment with denosumab 
every 6 months and is due for repeat DXA scan after 2 years of 
treatment to help determine the treatment course. She is aware of 
the need to transition to a bisphosphonate prior to a “drug holi-
day” from treatment.

Clinical Pearls/Pitfalls
• Antiresorptive agents include bisphosphonates, deno-

sumab, hormone replacement therapy, and selective 
estrogen receptor modulators (SERMs).

• Bisphosphonates (alendronate, risedronate, and zole-
dronic acid) and denosumab have demonstrated benefit 
against vertebral, hip, and nonvertebral fractures and are 
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FDA approved for treatment of postmenopausal osteo-
porosis in women, osteoporosis in men, and for gluco-
corticoid-induced osteoporosis.

• Adverse events of bisphosphonates and denosumab 
include transient hypocalcemia, atypical femoral frac-
tures, and osteonecrosis of the jaw.

• Drug holidays are suggested with bisphosphonate ther-
apy.

• Discontinuation of denosumab results in “rebound phe-
nomenon,” characterized by the reversal of favorable skel-
etal effects. Denosumab therapy should be followed with 
a bisphosphonate.

• Hormone replacement therapy can be used for osteopo-
rosis in postmenopausal women, but it is not recom-
mended as a first- line treatment option.

• SERMs are used in postmenopausal women of young 
age and particularly recommended in those with a family 
history of invasive breast cancer.
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Adverse Effects 
of Antiresorptive Therapy

Sumeet Jain and Pauline Camacho

 Case Presentation

A 68-year-old man with a history of metastatic oral squamous cell 
cancer, type 2 diabetes, and tobacco abuse presented for evalua-
tion of osteoporosis. He was diagnosed with a pathologic lumbar 
compression fracture after developing sharp back pain after bend-
ing down to pick up a box. DXA scan showed osteoporosis with 
T score of −2.6 and BMD of 0.856 g/cm2 at the L spine. He was 
treated with monthly zoledronic acid infusions by his oncologist. 
He declined to quit smoking. After four zoledronic acid infusions, 
he saw his dentist and had a dental extraction. The dental extrac-
tion site was complicated by an abscess with exposed bone 1 week 
later. He was diagnosed with stage 2 osteonecrosis of the jaw 
similar to Fig. 12.1. He was treated with incision and drainage and 
antibiotics. His zoledronic acid was held, and osteoporosis was 
treated supportively with nutritional supplementation, fall avoid-
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ance, and weight-bearing exercise. He had delayed healing but 
achieved complete surgical healing 6 months later.

 Background

Osteonecrosis of the jaw is defined as an area of exposed bone in 
the maxillofacial region that does not heal within 8 weeks after 
identification by a healthcare provider, in a patient who has 
received antiresorptive therapy with no history of radiation to the 
jaw [2]. Bisphosphonate-related osteonecrosis of the jaw has 
been reported with both bisphosphonate and denosumab treat-
ment. It is exceedingly rare in patients treated for osteoporosis 
with an incidence of less than 1 event in 100,000 patient years for 
oral bisphosphonates, less than 1 event in 10,000 patient years 

Fig. 12.1 Stages of osteonecrosis of the jaw. Top left picture with stage 1 
osteonecrosis of the jaw with asymptomatic exposed bone without infection. 
Right-sided pictures with stage 2 osteonecrosis of the jaw with exposed bone 
and associated infection, bleeding, swelling, pain, and halitosis at preexisting 
areas of periodontitis. Bottom left picture with stage 3 osteonecrosis of the 
jaw with large areas of bone exposure, pus exudation, and a chronic oroantral 
fistula. (Adapted from Otto et al. [1])
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for IV bisphosphonates, and less than 1 event in 10,000 patient 
years for denosumab. Over 90% of reported cases have been 
associated with cancer with an incidence of 0–12,222 events in 
100,000 patient years for IV bisphosphonates and 0 to 2316 
events in 100,000 patient years for denosumab in patients treated 
for cancer [2].

 Risk Factors

• Smoking
• Poor dental hygiene or ill-fitting dentures
• Cancer with higher of more frequent dosing
• Extended duration of antiresorptive therapy
• Invasive dental work
• Diabetes mellitus
• Antiangiogenic medications (anti-VEGF monoclonal antibod-

ies, tyrosine kinase inhibitors, and mTOR inhibitors) [3]
• Steroids
• Illicit drug use [4]

 Clinical Pearls

• Osteonecrosis of the jaw is exceedingly rare when used for 
osteoporosis treatment.

• Osteonecrosis of the jaw is a significant clinical consideration 
when used for cancer treatment.

• Limit above modifiable risk factors when using antiresorptive 
therapy.

• Complete invasive dental therapies prior to start of antiresorp-
tive therapy. Due to the long half-life of bisphosphonates and 
risk of rebound fractures with denosumab discontinuation, 
holding antiresorptive medications is not generally 
 recommended in patients undergoing dental procedures 
already on antiresorptive treatment.
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• Symptoms: Exposed bone, fistula, edema, purulence, perioral 
paresthesia or pain, loose teeth, halitosis.

• Treatment (based on severity): Improving oral hygiene, topical 
antibiotic mouth rinses, systemic antibiotics, surgical removal 
of necrotic bone, and jaw reconstruction.

 Case Presentation

A 72-year-old woman with history of postmenopausal osteoporo-
sis presented to the hospital with a left leg fracture after collapsing 
without trauma while walking. She had noted nonspecific dull 
bilateral groin pain for 4 months prior to her fracture. She was 
diagnosed with osteoporosis on a screening DXA at age 60 and 
was started on weekly alendronate. She was not started on a 
bisphosphonate holiday, and she had been strictly adherent with 
taking weekly alendronate for the past 12 years. X-ray of the left 
femur showed a transverse midshaft femoral diaphysis fracture 
with thickened bone cortices similar to Fig. 12.2b. X-ray of the 
right femur showed a translucent lucency of the lateral femoral 
cortex perpendicular to the femoral surface consistent with an 
impending atypical femur fracture similar to Fig. 12.2a. Her left 
femur was surgically stabilized, and a prophylactic intramedul-
lary rod was placed in her right femur. Bisphosphonate therapy 
was stopped.

 Background

An atypical femur fracture is a fracture on the femoral diaphysis 
distal to the lesser trochanter and proximal to the supracondylar 
flare. It is diagnosed with four out of five major features: minimal 
or no associated trauma, mostly transverse fracture line with orig-
ination at the lateral cortex, noncomminuted or minimally 
 comminuted fracture (without multiple bone fragments), medial 
spike when fracture is complete, and localized periosteal or end-
osteal thickening of the lateral cortex. Common minor associated 
features not required for diagnosis include increased femoral 
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diaphysis cortical thickness, unilateral or bilateral prodromal dull 
pain in the groin or thigh, bilateral involvement, and delayed frac-
ture healing [6].

Atypical femur fractures are most commonly associated with 
bisphosphonate therapy though they have also been seen with 

a b

Fig. 12.2 (a) Impending atypical femoral fracture with arrow pointing at 
localized periosteal thickening at the lateral cortex. (b) Complete midshaft 
atypical femoral fracture with left arrow pointing at the medial spike and right 
arrow pointing at the transverse lateral cortex fracture origin. (Adapted from 
Nguyen et al. [5])
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other antiresorptive medications including denosumab and romo-
sozumab. Atypical femur fractures are a particularly distressing 
side effect for patients because they occur as a complication of a 
medication taken to prevent fractures. However, the benefits of 
bisphosphonate therapy for fractures are magnitudes larger than 
the harms. In one analysis of bisphosphonate treatment for 
3 years, approximately 1200 fractures including 130 devastating 
typical femur fractures were prevented for every 1 atypical femur 
fracture caused by bisphosphonate therapy [7, 8]. The risk of 
atypical femur fractures is higher in Asian American women but 
still has greater benefit than harm with 13.8 fractures including 
4.6 typical hip fractures prevented for every 1 atypical femur frac-
ture caused by 5 years of bisphosphonate therapy [9].

 Risk Factors

• Antiresorptive medications
• Longer duration of antiresorptive medication use
• Asian ethnicity (in North American and European studies)
• Hypophosphatasia
• Osteomalacia
• Femur geometry with increased femoral bowing
• Glucocorticoids
• Genetics [8]

 Clinical Pearls

• Atypical femur fractures are extremely rare compared to typi-
cal femur fractures.

• Ask about nonspecific prodromal thigh or groin pain for 
patients on antiresorptive therapy.

• Look at your own DXA images, not just reports. Evaluate for 
localized lateral periosteal breaking (periosteal thickening) 
and transverse lucency at the lateral femoral cortex. Refer for 
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prophylactic fixation if impending atypical femoral fracture 
present.

• Consider bisphosphonate holiday for oral bisphosphonates 
after 5 years of therapy if fracture risk is no longer high and 
after 10 years if patient remains at high fracture risk. Consider 
bisphosphonate holiday for intravenous zoledronic acid after 
3 years of therapy if fracture risk is no longer high and after 
6 years if patient remains at high fracture risk [10].

• Atypical femur fractures are frequently bilateral so image the 
contralateral femur when an atypical femur fracture occurs.

• Delayed healing is common after atypical femur fractures.
• Imaging: X-ray appearance in Fig. 12.2. If high clinical suspi-

cion despite negative X-ray, MRI may show periosteal or 
 adjacent bone marrow inflammation/edema and bone scintig-
raphy may show increased uptake and local periosteal stress 
reaction.

• Symptoms: Weeks to months of nonspecific thigh or groin 
pain.

• Treatment: Discontinue antiresorptive therapy, supplement 
calcium and vitamin D, reduce weight bearing for 2–3 months 
with crutches or a walker (for impending fractures), surgical 
intramedullary fixation, and consider anabolic treatment with 
teriparatide or abaloparatide.

 Case Presentation

An 80-year-old woman with a history of postmenopausal osteo-
porosis and vitamin D deficiency was treated with her first zole-
dronic acid infusion. She did not start recommended vitamin D or 
calcium supplementation prior to her infusion. Two days after the 
infusion, she called the clinic with concerns she was having 
fevers, myalgias, photophobia, and decreased visual acuity in her 
left eye. She was started on acetaminophen treatment and was 
evaluated by an ophthalmologist who diagnosed her with uveitis 
and started her on topical ophthalmic corticosteroids. Her symp-
toms resolved 1 week after her infusion. She started her vitamin 
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supplements and was rechallenged with zoledronic acid 1  year 
later with no side effects.

 Background

Acute phase reactions after bisphosphonate therapy are the most 
common side effect of IV bisphosphonate therapy. They are 
thought to be caused by an inflammatory cascade release related 
to T-cell activation. These reactions occur within 3  days of 
bisphosphonate infusion and may include flu-like symptoms like 
fever, chills, headache, and malaise; musculoskeletal symptoms 
like myalgias and arthralgias; gastrointestinal symptoms like nau-
sea and anorexia; and inflammatory eye disease symptoms like 
uveitis, scleritis, and iritis. In the HORIZON-Pivotal fracture trial 
for zoledronic acid, 30% more patients in the zoledronic acid arm 
had an infusion acute phase reaction than in the placebo arm [11]. 
Symptoms are mostly mild and generally resolve without treat-
ment in 3–5 days. Patients generally do not have infusion reac-
tions with subsequent infusions with 7% incidence at the second 
infusion and 3% incidence at the third infusion of zoledronic acid 
[11]. Oral bisphosphonates are associated with less frequent 
(5.6% incidence in a retrospective study) and milder acute phase 
reactions [12]. Higher vitamin D levels at time of infusion 
decrease acute phase reactions [13].

Inflammatory eye disease after bisphosphonate therapy is rare 
and occurs in 0.6–1.1% of patients treated with IV bisphospho-
nates and much lower rates for patients treated with oral bisphos-
phonates [13, 14]. Ocular involvement can be either unilateral or 
bilateral. It is commonly but not always associated with other 
acute phase reaction symptoms described above. It is mostly eas-
ily treated within 4 weeks with topical corticosteroids, but some 
cases do require systemic corticosteroids or procedural interven-
tion. It is important for endocrinologists and ophthalmologists to 
know about bisphosphonate-related inflammatory eye disease to 
avoid unnecessary expensive testing and antibiotic or antiviral 
treatments.
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 Risk Factors

• Nonsteroidal anti-inflammatory (NSAID) use
• Vitamin D less than 30 ng/mL (75 nmol/L) [13]
• Initial antiresorptive treatment

 Clinical Pearls

• Supplement vitamin D and calcium to normal levels before 
starting antiresorptive treatment.

• Pretreat patients with acetaminophen and increased water 
intake prior to IV bisphosphonate infusion.

• Acute phase reactions are not an absolute contraindication to 
future bisphosphonate infusion since they occur less frequently 
with subsequent infusions.

• Symptoms: Fevers, myalgias, arthralgias, malaise, photopho-
bia, and decreased visual acuity.

• Treatment: Acetaminophen, increased water intake, vitamin D 
and calcium supplementation, topical or systemic corticoste-
roids, and ophthalmology referral for inflammatory eye disease.

 Case Presentation

An 85-year-old woman with chronic kidney disease (CKD) stage 
3B and multivessel coronary artery disease with previous coronary 
artery bypass grafting was recently diagnosed with postmeno-
pausal osteoporosis after she was found to have a nontraumatic 
vertebral compression fracture. Secondary osteoporosis evaluation 
was unremarkable. She was unable to be started on anabolic ther-
apy since she is unable to give herself daily teriparatide or abalo-
paratide injections with arthritis in her hands, and she declines 
romosozumab therapy due to her cardiovascular history. She 
declines denosumab therapy because she travels frequently, and 
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she does not think she can be available for every 6-month injec-
tions. Her eGFR is 38  mL/min which has been confirmed with 
24-h urine creatinine and blood cystatin C measurement. She 
would like to have osteoporosis treatment with IV zoledronic acid, 
but she wants to know if there is any risk of progression of chronic 
kidney disease with bisphosphonate treatment.

 Background

Bisphosphonate use is generally contraindicated in CKD stage 4 
when eGFR is <30 mL/min due to concerns for nephrotoxicity. For 
zoledronic acid and alendronate, the threshold is <35  mL/min. 
Approximately 50–60% of bisphosphonate therapy is excreted by 
the kidneys, and the rest is taken up by the bone [15]. Case reports of 
acute tubular necrosis on IV bisphosphonate therapy have been 
mostly reported in the multiple myeloma population when patients 
receive high-dose IV bisphosphonates at frequent intervals. The 
renal safety of both PO and IV bisphosphonates has previously been 
shown in multiple randomized controlled trials including the 
HORIZON-Pivotal trial for zoledronic acid that showed no renal 
harm compared to placebo after 3 years of therapy. A recent obser-
vational study from the UK and Spain found a 14% increased rela-
tive risk for CKD progression in patients treated with bisphosphonates 
with eGFR < 45 mL/min including patients with CKD 3B, CKD4, 
and CKD 5 [16]. Approximately two-thirds of their cohort had 
eGFR of 35–45 suggesting there may be some modest long-term 
progression of CKD related to bisphosphonate use in CKD stage 3B.

 Risk Factors

• NSAID use
• Poor hydration with bisphosphonate infusions
• Diuretics
• CKD 4 with eGFR < 30 mL/min and possibly CKD 3B with 

eGFR < 45 mL/min
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• Higher bisphosphonate dose
• Shorter bisphosphonate infusion duration
• Other nephrotoxic medications

 Clinical Pearls

• Reassess eGFR prior to each bisphosphonate infusion.
• Avoid nephrotoxins including NSAIDs with bisphosphonate 

use.
• Advise oral hydration with bisphosphonate infusions.
• Give bisphosphonates as longer infusions when used with 

impaired kidney function.
• Balance mortality and quality of life benefits from bisphospho-

nate therapy with possible modest CKD progression risk in 
CKD stage 3B and lower.

 Case Presentation

A 64-year-old man with a 50-pack-year smoking history, alco-
hol dependence, and osteoarthritis on ibuprofen was found to 
have osteoporosis on a screening DXA scan. He had no history 
of fractures and has normal kidney function so he was started 
on alendronate 70 mg once a week. He works long hours and 
drinks three cups of coffee per day. One month later, he called 
the office stating that he is getting epigastric pain after taking 
his alendronate pill. Upon further discussion, he notes that he 
had years of dyspepsia symptoms prior to starting alendronate 
therapy, but  symptoms have worsened in the past month. 
Alendronate was stopped, and he had an upper endoscopy with 
a gastroenterologist that found erosive esophagitis. He was 
counseled on tobacco and alcohol cessation, NSAID avoidance, 
counseled on dietary changes, and started on a proton pump 
inhibitor (PPI) for gastroesophageal reflux disease (GERD). He 
was transitioned to yearly zoledronic acid infusions for his 
osteoporosis. His epigastric pain resolved 3 months later.
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 Background

Upper gastrointestinal (GI) side effects are the most common 
cause of oral bisphosphonate discontinuation by patients. GI side 
effects account for up to 40% of oral bisphosphonate discontinu-
ation [17]. Oral bisphosphonates can contribute to nausea, emesis, 
dyspepsia, abdominal pain, erosive esophagitis, gastritis, and duo-
denitis. These symptoms are thought to be mediated by direct 
topical irritation. They may also displace phospholipids from the 
GI mucosal gel layer and impair mucosal healing [18]. GI muco-
sal irritation has been confirmed on endoscopic studies, but inter-
estingly increased GI adverse events from oral bisphosphonates 
have not been shown in placebo-controlled randomized controlled 
trials like the FIT trial for alendronate or the VERT trial for rise-
dronate [18, 19]. They also were not seen in a large meta-analysis 
of 42 randomized controlled trials and 40,000 participants [18]. 
This suggests there may be some bias of patients and physicians 
toward reporting GI symptoms. A case control study of mostly 
older men did find a twofold increase in Barrett’s esophagus in 
veterans on bisphosphonate therapy, but that association was only 
significant in patients with active GERD symptoms [20]. Older 
studies that were done before the advent of weekly oral bisphos-
phonate dosing and before guidance to remain upright for 30 min 
after oral bisphosphonate ingestion tended to have higher rates of 
GI adverse events than more recent studies.

 Risk Factors

• NSAID use
• Active GERD symptoms
• GI motility disorders
• Esophageal strictures

 Clinical Pearls

• Advise patient to sit up or stand up for 30 min after taking a 
bisphosphonate pill with a full glass of water.
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• For patients with uncontrolled GERD, intravenous zoledronic 
acid therapy is preferred over oral bisphosphonate therapy.

• Avoid oral bisphosphonates in patients with Barrett’s esopha-
gus, active esophagitis, or active GERD symptoms.

• Work on controlling GERD prior to starting oral bisphospho-
nate therapy. Modifiable GERD risk factors include coffee, tea, 
soda, chocolate, alcohol, tobacco, eating while recumbent, eat-
ing within 2 h of sleeping, and obesity.

• PPI therapy may be considered for mild GERD symptoms for 
patients prescribed oral bisphosphonates, though GI benefits of 
PPIs must be weighed against their adverse effects on bone and 
kidney health in large population studies.

• Symptoms: Dyspepsia, abdominal pain, chest pain, nausea, 
and emesis.

• Treatment: Address modifiable GERD risk factors, switch to 
intravenous or injection osteoporosis therapy if GERD is 
unable to be controlled.
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 Case Presentation

A 65-year-old woman was referred for evaluation of recently diag-
nosed osteoporosis. She sustained a left distal radius fracture 
2  months prior in a fall from standing height onto a sidewalk. 
Subsequent bone density testing was significant for T-scores of 
−3.5 at the lumbar spine, −3.1 at the femoral neck, and −2.8 at the 
total hip. She had a history of thalassemia trait but no other sig-
nificant past medical history and no history of radiation exposure. 
She had no previous personal history of fracture. Her mother had a 
history of osteoporosis, but there was no parental history of hip 
fracture. She had two servings of dairy per day and was taking a 
multivitamin with 300  mg of calcium and 1000  IU of vitamin 
D. She had no history of tobacco use and drank alcohol rarely. Her 
body mass index was 22 kg/m2, and physical examination was oth-
erwise unremarkable. Metabolic evaluation for secondary causes 
of bone loss was unremarkable, including normal serum calcium, 
PTH, and alkaline phosphatase levels. She was very interested in 
osteoanabolic therapy when discussed at the time of her visit.
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 Assessment and Diagnosis

In contrast to antiresorptive agents, osteoanabolic therapies 
directly stimulate bone formation, improving not only bone mass 
but also bone microstructure [1]. Because bone formation and 
bone resorption are tightly coupled processes, osteoanabolic ther-
apy will eventually stimulate bone resorption as well. The period 
of time when bone formation is greater than resorption is termed 
the anabolic window (Fig. 13.1) [2].

Parathyroid hormone has both anabolic and catabolic effects on 
bone. In patients with primary hyperparathyroidism, chronically 
elevated PTH levels have been associated with bone loss and 
increased fracture risk. In contrast, when PTH is given intermit-
tently, with PTH levels rising and falling over a short period of time, 

Fig. 13.1 Demonstration of the “anabolic window” concept that bone for-
mation is first stimulated by an osteoanabolic agent followed by an increase 
in bone resorption [2]
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there can be exuberant bone formation. The anabolic effects of PTH 
on bone are likely multifactorial, including pathways involving 
Wnt, Runx2, and insulin-like growth factor-1 (IGF-1) [1].

Teriparatide [PTH(1–34)] is the first 34 amino acids of the 84 
amino acid parathyroid hormone protein. Abaloparatide is a func-
tional optimization of parathyroid hormone-related peptide 
(PTHrP) based on amino acid substitutions between residues 22 
and 34 [3].

Osteoanabolic therapy with teriparatide was approved by the 
Food and Drug Administration in 2002 for postmenopausal 
women and men at high risk for fracture and in 2009 for women 
and men with glucocorticoid-induced osteoporosis at high risk for 
fracture [4]. Per the approval, patients at high risk for fracture 
were defined as those who had experienced an osteoporotic frac-
ture or patients with multiple risk factors for fracture. Teriparatide 
is used at a dose of 20 μg subcutaneously (SC) daily, typically for 
up to 24 months.

Abaloparatide was approved by the FDA in 2017 for treatment 
of osteoporosis in postmenopausal women at high risk for fracture 
or patients who have failed or are intolerant to other available 
osteoporosis therapy [5]. Abaloparatide is used at a dose of 80 μg 
SC daily, typically for up to 18 months.

The definitions of high fracture risk may differ, although there is 
general consensus encompassing patients who have already suffered 
a fracture. Hodsman and colleagues defined this group as patients 
with preexisting fractures, patients with a T-score of −3.5 or lower, 
and/or an unsatisfactory response to antiresorptive therapy [6]. 
Guidelines from the American Association of Clinical Endocrinology 
(AACE) [7] and Endocrine Society [8] recommend osteoanabolic 
therapy as first-line treatment for patients who are at very high risk 
for fracture. The AACE guidelines defined very high risk patients as 
patients with a fracture within 12  months, fractures while on 
approved osteoporosis therapy, multiple fractures, fractures while on 
drugs causing skeletal harm (e.g., glucocorticoids), very low T-score 
(<−3.0), high risk for falls or injurious falls, and very high fracture 
probability by FRAX (major osteoporotic fracture risk >30%, hip 
fracture >4.5%). Endocrine Society guidelines state very high risk 
patients include those with severe or multiple vertebral fractures.
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In animal toxicity studies, male and female rats treated with 
PTH or PTH analogs were at an increased risk of osteosarcoma; 
however, this increased risk was not seen in monkeys [4]. 
Osteoanabolic therapy is contraindicated in patients at increased 
risk for osteosarcoma, including patients with open epiphyses, 
Paget’s disease of bone or unexplained elevations of alkaline 
phosphatase, or prior external beam radiation therapy involving 
the skeleton.

 Management

Osteoanabolic agents have been demonstrated to stimulate bone 
formation, improve bone density, and decrease vertebral and non-
vertebral fracture risk. The pivotal trial leading to approval of 
teriparatide was a randomized, multicenter, double-blind, placebo- 
controlled trial in postmenopausal women that demonstrated an 
increase in bone density at the lumbar spine of +9.7% (p < 0.001) 
in the teriparatide 20 μg arm compared to placebo, +2.8% at the 
femoral neck (p < 0.001), and +2.6% at the total hip (p < 0.001) at 
a mean of 18  months of therapy [8]. There were relative risk 
reductions of 0.35 (95% CI, 0.22–0.55) for vertebral fracture and 
0.47 (95% CI, 0.25–0.88) for nonvertebral fracture with the terip-
aratide 20 μg dose. Men were subsequently demonstrated to have 
similar improvements in bone density [9].

Teriparatide was compared to alendronate 10 mg PO daily in a 
randomized, multicenter, double-blind trial for women and men 
with glucocorticoid-induced osteoporosis [10]. There were sig-
nificantly greater increases in bone density at the lumbar spine in 
the teriparatide versus alendronate group (+7.2% vs. 3.4%; 
p  <  0.001) and at the total hip (3.8% vs. 2.4%; p  =  0.005) at 
18 months. Morphometric vertebral fractures were noted in 0.6% 
of patients in the teriparatide arm versus 6.1% in the alendronate 
arm (p = 0.004); there were no differences between groups in non-
vertebral fractures. The study was extended for an additional 
18 months, with findings that continued to demonstrate greater 
gains in bone density in the teriparatide over the alendronate arms 
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(11.0% vs. 5.3% at the lumbar spine; p  <  0.001) as well as a 
decrease in fracture incidence (1.7% vs. 7.7%; p = 0.007) [11].

The pivotal trial leading to approval of abaloparatide was the 
Abaloparatide Comparator Trial in Vertebral Endpoints 
(ACTIVE), a randomized, multicenter, double-blind, placebo- 
controlled, active comparator (unblinded), 18-month trial in post-
menopausal women with three arms: abaloparatide 80  μg SC 
daily, placebo SC, or teriparatide 20 μg SC daily [12]. Bone den-
sity at the lumbar spine increased similarly between the abalo-
paratide and teriparatide groups (+11.2% vs. +10.5%) and 
significantly greater than placebo (+0.63%; p < 0.05 compared to 
abaloparatide and teriparatide). Bone density at the femoral neck 
increased to a greater extent in the abaloparatide arm (+3.6%) 
compared to teriparatide (+2.7%; p < 0.05) and placebo (−0.43%; 
p < 0.05). Bone density at the total hip also increased to a greater 
extent in the abaloparatide arm (+4.2%) compared to teriparatide 
(+3.3%; p < 0.05) and placebo (−0.10%; p < 0.05). Vertebral frac-
tures were similarly decreased in the abaloparatide (RR 0.14, 
0.05–0.39) and teriparatide (0.20, 0.08–0.47) arms compared to 
placebo (p < 0.001 for both). Major osteoporotic fractures were 
decreased in the abaloparatide arm compared to both the teripara-
tide (HR 0.45 for abaloparatide versus teriparatide, 0.21–0.95; 
p = 0.03) and placebo groups (HR 0.30 for abaloparatide versus 
placebo, 0.15–0.61 p < 0.001).

Bone density at the spine and hip sites declines rapidly after 
osteoanabolic therapy is discontinued, and it is important to note 
that osteoanabolic therapy must be followed by antiresorptive 
therapy so that patients do not lose the bone that was gained [13].

Studies have investigated the combination of an antiresorptive 
and teriparatide therapy together. Oral or intravenous bisphospho-
nate therapy in combination with teriparatide has not been dem-
onstrated to have significant additive effects, and in fact 
bisphosphonate therapy may attenuate the effect of teriparatide 
[14–16]. Combination of denosumab and teriparatide therapy was 
shown to increase bone density more than either agent alone; 
however, fracture data are not available [17]. It should be noted 
that combination therapy has not been approved.
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The timing of therapy appears to be important. With oral or 
intravenous bisphosphonate therapy preceding treatment with 
teriparatide, there may be a delay in bone density gains, although 
it appears as if bone density may rise to a similar extent overall by 
the end of the treatment course [18]. When denosumab therapy 
precedes treatment with teriparatide, however, progressive or 
transient bone loss has been described [19].

Subcutaneous injections may not be acceptable to all patients 
or feasible for those with comorbidities that may affect motor 
function. Alternative delivery systems would be an attractive 
option, and there is a phase 3 trial of a transdermal abaloparatide 
patch (https://clinicaltrials.gov/ct2/show/NCT04064411). While 
it is important to consider osteoanabolic therapy for all patients at 
high fracture risk, antiresorptive therapy may be a better match 
for some patients.

Osteoanabolic therapy is well tolerated in women and men 
[9–12]. Hypercalcemia can occur and may prompt a reduction in 
calcium supplementation. In the pivotal trial of teriparatide, 
adverse events that were statistically greater in the teriparatide 
group included nausea and headache [8]. In the ACTIVE trial, 
hypercalcemia was less common in the abaloparatide arm com-
pared to teriparatide; however, palpitations, nausea, and dizziness 
were greater in the abaloparatide compared to teriparatide and 
placebo arms [12]. A 15-year post-marketing surveillance study 
did not demonstrate an increased risk of osteosarcoma in adults 
treated with teriparatide [20]. While the black box warning for 
teriparatide to communicate serious risk was lifted by the Food 
and Drug Administration in January 2021, the use of teriparatide 
must still be avoided in patients with increased risk of osteosar-
coma [4]. The black box warning for abaloparatide persists at this 
time.

 Outcome

The patient was treated with abaloparatide 80 mcg SC daily for 
18 months and recently transitioned to denosumab. Her bone den-
sity after completion of abaloparatide therapy was significant for 
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T-scores of −2.3 at the lumbar spine (+19.8%), −2.6 at the femo-
ral neck, and −2.5 at the total hip (+5.3%). She has not experi-
enced any other fractures during her treatment course. She is very 
satisfied with her bone density gains, and we expect further 
improvement with denosumab.

Clinical Pearls/Pitfalls
• Teriparatide and abaloparatide are approved osteoana-

bolic therapies administered as a daily subcutaneous 
injection.

• Osteoanabolic agents have been demonstrated to stimu-
late bone formation, improve bone density, and decrease 
vertebral and nonvertebral fracture risk.

• Osteoanabolic therapy should be considered for women 
and men at increased risk for fracture and for women and 
men with glucocorticoid-induced osteoporosis.

• Patients at high risk for fracture include those who have 
experienced an osteoporotic fracture, patients with very 
low T-scores, and patients with multiple risk factors for 
fracture.

• Osteoanabolic therapy must be followed by antiresorp-
tive therapy to maintain bone density gains.

• Postmarketing surveillance has not demonstrated an 
increased risk of osteosarcoma in adults treated with 
teriparatide and the black box warning has been removed.
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Sclerostin Inhibition

Cristiana Cipriani and John P. Bilezikian

 Case Presentation

A 70-year-old woman had surgery for a femoral neck fracture that 
occurred after falling from a standing position at home. One day 
after admission to the orthopedic service, she underwent surgery 
and placement of a hip prosthesis. She recovered well without 
complications. A metabolic bone disease specialist was consulted 
for management of osteoporosis suspected to be responsible for 
the hip fracture.

Upon consultation, it became apparent that the patient had 
markedly reduced BMD when it had been measured 4 years ear-
lier by DXA. T-scores were as follows: lumbar spine, −3.4; femo-
ral neck, −3.6; and total hip, −3.0. She had been compliant with 
alendronate 70 mg weekly and vitamin D since her diagnosis. She 
had no history of previous clinical fragility fracture, and a recent 
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vertebral fracture assessment (VFA) 6 months earlier showed no 
evidence for vertebral fracture. The trabecular bone score (TBS) 
was consistent with the lowest tertile of degraded bone quality 
with a score of 1.13 (normal: >1.33). A systems review indicated 
hypothyroidism, dyslipidemia, and hypertension, for which she 
was on levothyroxine, a statin, and an ACE inhibitor, respectively, 
with good control of these comorbidities. Her maternal grand-
mother had sustained a hip fracture at about the same age.

A follow-up DXA exam showed the following T-score values: 
lumbar spine −3.2., femoral neck −3.1, and total hip −2.8, all of 
which showed only modest increases on alendronate therapy. The 
TBS was still very low and unchanged at 1.13. Laboratory evalu-
ation excluded secondary causes of osteoporosis with all of the 
following tests within normal range: serum calcium, phosphorus, 
parathyroid hormone, 25-hydroxyvitamin D, protein electropho-
resis, and celiac panel. The urinary calcium excretion was normal.

Therapy with romosozumab 210 mg monthly SC was recom-
mended.

 Assessment and Diagnosis

Osteoporosis, the most common metabolic bone disease, is charac-
terized by reduced bone mass and microstructural deterioration, 
resulting in poor bone quality and reduced bone strength. These 
abnormalities lead to increased fracture risk. One of the underlying 
pathophysiologic principles that lead to osteoporosis is an imbal-
ance between the remodeling elements of bone formation and 
bone resorption. This imbalance created by greater bone loss than 
bone gain leads, over years, to the characteristic features of reduced 
bone density and impaired bone quality. Advances in our under-
standing of basic bone biology over the past 20 years have led to 
new therapies for osteoporosis [1] including romosozumab, a drug 
that targets the Wnt signaling pathway, a major anabolic pathway 
for bone. Romosozumab specifically inhibits sclerostin, a mole-
cule that helps to regulate this pathway. By inhibiting sclerostin, 
romosozumab enhances this osteoanabolic pathway.
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 The Sclerostin-Wnt Signaling Pathway

The glycoproteins that are part of the Wnt family are encoded by 
19 genes in humans. They regulate growth, proliferation, survival, 
and function of different cells and organs [2]. Within the Wnt fam-
ily, the glycoproteins that signal through β-catenin (the canonical 
Wnt pathway) interact with the low-density lipoprotein receptor- 
related protein (LRP) five or six and a seven transmembrane 
receptor of the Frizzled family [3]. This interaction between Wnt 
and these factors at the target cell facilitates the cytoplasmic phos-
phorylation of LRP5/6 and recruitment of axin. The complex that 
is eventually formed protects β-catenin from cytoplasmic phos-
phorylation and degradation [3]. As a result, β-catenin can gain 
access to the nucleus where it simulates the transcription of target 
genes implicated in the differentiation of mesenchymal stem cells 
into the osteoblastic lineage. Moreover, apoptosis of osteocytes 
and osteoblasts is inhibited, and osteoclastogenesis is reduced [1, 
3].

Sclerostin is a glycoprotein encoded by the SOST gene, pro-
duced primarily by osteocytes [4]. It regulates the canonical Wnt 
signaling pathway by binding to the LRP5/6 complex and, thus, 
prevents Wnt from binding and triggering the events that result in 
the translocation of β-catenin into the nucleus. β-catenin is left 
unprotected in the cytoplasm where it undergoes phosphorylation 
and ultimately metabolic degradation [4]. Sclerostin, thus, acts as 
a brake on this pathway and helps to limit excessive bone forma-
tion. Normal skeletal homeostasis can be viewed, at least in part, 
as a balance between sclerostin (and other Wnt pathway inhibitors 
such as DKK) and Wnt.

In addition to its anti-Wnt signaling activity, sclerostin has the 
potential to disrupt the RANKL signaling pathway by increasing 
the catabolic cytokine RANKL and reducing its antagonist, osteo-
protegerin, in osteoblasts. In these ways, sclerostin has the poten-
tial to both inhibit bone formation and stimulate bone resorption 
[5]. Sclerostin is a main regulator of bone metabolism exemplified 
by it anti-anabolic and pro-catabolic activities.
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 Sclerosteosis and Von Buchem’s Disease

Clues as to how an anti-sclerostin antibody could be developed 
as an anabolic therapy for osteoporosis originated with the dis-
covery of two genetic high bone mass disorders associated with 
loss-of- function mutations of the SOST gene. In the homozygous 
forms of sclerosteosis and Von Buchem’s disease, two very rare 
autosomal recessive diseases, BMD is remarkably high and 
accrued continuously throughout life. The clinical features are 
hyperostosis and bone thickening that typically involve the skull, 
face, and jaw, with consequent prognathism, entrapment syn-
dromes, compression of the neuronal foramina, and neurological 
complications [4]. Tall stature and syndactyl are also part of the 
phenotype [4]. In these patients, sclerostin levels are not detect-
able. In the heterozygous forms, in which patients have only a 
single mutated gene copy of the SOST gene, high bone mass is 
present without the negative clinical features of the disease. As 
expected, sclerostin levels in the heterozygous form of the dis-
ease are about half the level in normal individuals. In both the 
homozygous and heterozygous forms of these diseases, fractures 
do not occur [3].

With these insights, it became attractive to consider the devel-
opment of an inhibiting sclerostin antibody that would facilitate 
the expression of the canonical Wnt signaling pathway and lead to 
anabolic effects on bone.

 Management

 Animal Models

Animal models supporting the actions of the anti-sclerostin anti-
body showed that this approach is associated with increased bone 
formation and bone mass [3].

In rat models of postmenopausal osteoporosis, treatment with 
an anti-sclerostin antibody resulted in a marked increase in tra-
becular and cortical BMD as well as improvement in bone quality 
as assessed by micro-computed tomography. The microstructural 
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improvements included trabecular and cortical thickness, trabecu-
lar volume, and volumetric BMD [4, 6]. A reduction in cortical 
porosity was also observed [4, 6]. By histomorphometric analysis, 
osteoblasts are increased in number. Mineralizing surfaces are 
enhanced, and osteoclast surface is reduced [6]. These observa-
tions were confirmed in aged male rats and in non-human pri-
mates [3, 7–9]. Interestingly, a significant stimulation of bone 
formation on quiescent bone surfaces, with no increase in bone 
resorption markers, has been observed in male and female cyno-
molgus monkeys [3, 7–9]. This demonstration of enhanced bone 
modeling, an unusual observation in the mature human skeleton, 
provides another mechanism by which the anti-sclerostin anti-
body is anabolic. In all these studies, the inhibition of sclerostin 
was associated with a dose-dependent response in terms of stimu-
lation of bone formation, increases in BMD, and improvement of 
bone strength and microstructure [6, 7, 10].

Animal models of bone loss from other causes, such as 
glucocorticoid- induced osteoporosis, immobilization, spinal cord 
injury, chronic inflammatory conditions, diabetes, chronic kidney 
disease, and multiple myeloma, were developed to investigate the 
effect of anti-sclerostin antibody [4, 9]. Collectively, results from 
preclinical studies showed that anti-sclerostin antibodies posi-
tively affect bone formation, trabecular and cortical bone mass, 
and strength in these conditions [4, 9].

 Clinical Trials and Studies

Romosozumab is the first approved anti-sclerostin antibody for 
the treatment of osteoporosis. Table 14.1 shows the main charac-
teristics of clinical trials and studies of romosozumab.

In the pivotal clinical Fracture Study in Postmenopausal 
Women with Osteoporosis (FRAME), an incidence of 0.5% of 
new vertebral fractures was observed with romosozumab vs. 1.8% 
in the placebo group at month 12, translating into a 73% reduction 
in relative risk (RR) [11]. At 12 months, BMD was 13.3% and 
5.9% higher than placebo at the lumbar spine and femoral neck, 
respectively [11]. The design of FRAME called for a transition 
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after 12 months to alendronate in both the romosozumab and pla-
cebo arms of the trial for an additional 12  months. The group 
receiving romosozumab in the first year experienced a 75% reduc-
tion in RR at 24 months in comparison to the placebo group that 
was also transitioned to alendronate for 12 months [11].

In the second major clinical trial, the Active-Controlled 
Fracture Study in Postmenopausal Women with osteoporosis at 
high risk (ARCH), romosozumab was directly compared with 
alendronate for 12 months. This study did not have a placebo con-
trol group. New vertebral fractures were significantly lower with 
romosozumab (4%) than alendronate (6.3%) by month 12 [12]. 
There were also greater increases in BMD at all sites when romo-
sozumab was compared to alendronate [12].

Like the FRAME study, the romosozumab group transitioned 
to alendronate after 12 months for another 12 months of therapy. 
The comparator alendronate group continued on alendronate for 
another 12 months. In the group that transitioned from romoso-
zumab to alendronate, there were 48% and 19% RR reductions for 
new vertebral and nonvertebral fractures, respectively, in com-
parison to the alendronate-only group at 24 months [12]. The RR 
of hip fracture was 38% lower in the romosozumab-to- alendronate 
group [12]. The differences in BMD gains between the two groups 
were maintained for up to 36 months [12].

The third major clinical trial was an open-label, random-
ized, teriparatide-controlled study to evaluate the effect of 
treatment with romosozumab in postmenopausal women with 
osteoporosis previously treated with bisphosphonate therapy 
(STRUCTURE). In this trial, romosozumab was compared to 
teriparatide at 12  months. Romosozumab showed a 3.2% 
greater improvement in hip BMD at 12  months compared to 
the teriparatide group [13]. Six- and 12-month mean percent-
age changes in hip integral and cortical volumetric BMD, and 
hip strength by finite element analysis, were higher with romo-
sozumab than teriparatide [13].

Sequential therapy with denosumab following romosozumab 
showed that transitioning from monthly romosozumab 210 mg for 
24 months to denosumab was associated with a further increase in 
BMD (2.6%, 1.4%, and 1.9% at the lumbar spine, femoral neck, 
and total hip) compared to those who switched to placebo [14]. 
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After 36  months, women receiving a second course of romoso-
zumab, this time for only 12 months, following placebo, had 12%, 
6.3%, and 6% increases at the lumbar spine, femoral neck, and total 
hip, respectively, from month 36 to month 48. The increase was 
similar to what was observed in the first 12  months of romoso-
zumab [15]. In patients switching from romosozumab to placebo 
from month 24 to month 36, there was a reduction in BMD [15].

With much less data available in men, the placebo-controlled 
trial to evaluate efficacy and safety of romosozumab in men with 
osteoporosis (BRIDGE) trial has demonstrated that romosozumab 
increases lumbar spine, femoral neck, and total hip BMD [16].

 Dynamics of Romosozumab on Bone Metabolism
The results from preclinical animal studies suggested early in the 
development of romosozumab that it was a dual action drug, with 
both anabolic and antiresorptive properties. Those studies showed 
a rapid rise in bone formation markers with return to baseline lev-
els within 6 months and a rather prompt reduction in bone resorp-
tion markers [1]. Since bone formation and resorption are tightly 
linked, an increase in bone formation would be expected to also 
result in an increase in bone resorption; however, with romoso-
zumab, no increase in bone resorption markers is seen. This is a 
very different profile from teriparatide and abaloparatide in which 
there is a more sustained increased in bone formation markers and 
an eventual increase in bone resorption markers.

These observations were also appreciated with the clinical tri-
als. In FRAME, serum procollagen type 1 N-terminal propeptide 
(P1NP) significantly increased soon after romosozumab adminis-
tration, reaching a peak at 14  days; there was a simultaneous 
reduction in serum C-telopeptide of type 1 collagen (CTX) [11]. 
Similar results were observed in the ARCH trial and during a sec-
ond course of romosozumab [12, 15].

As expected, in STRUCTURE, comparing romosozumab with 
teriparatide, serum P1NP increased in both arms, with the teripa-
ratide group showing a sustained increase in comparison to the 
romosozumab group that showed a decline after 1  month [13]. 
Also in contrast were changes in the resorption marker, CTX. The 
teriparatide group showed the expected increase, while the romo-
sozumab cohort showed a reduction in serum CTX [13].
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 Safety

The most discussed safety issue arising from clinical trials of 
romosozumab is whether there is an increase in cardiovascular 
events. During ARCH, serious cardiovascular events, such as car-
diac ischemic and cerebrovascular events, were more frequent in 
the romosozumab group (2.5%) compared to the alendronate 
group (1.9%) [12]. In the BRIDGE trial, there was a numerical 
imbalance between the romosozumab (4.9%) and placebo (2.5%) 
groups in the rate of serious cardiovascular events [16]. Preexisting 
cardiovascular risk factors did not significantly influence the rela-
tive risk of such events [17]. Theoretically, this potential safety 
issue could be related to the expression of sclerostin in the vascu-
lar smooth muscle cells and its potential role as an inhibitor of 
vascular calcification [12, 17].

However, the results are controversial because ARCH did not 
have a placebo control. In FRAME, where there was a placebo 
control, no imbalance in cardiovascular events was observed. The 
discrepancy between these two studies has led to another hypoth-
esis, namely, that it was not an increase in cardiovascular events in 
the romosozumab arm but rather a decrease in the alendronate 
arm. To this possibility, alendronate has appeared in some studies 
to have a role in protecting against cardiovascular events [18]. 
This possibility gains strength by noting that there were no car-
diovascular events in the alendronate arm of ARCH during the 
first 3 months of the trial, supporting the hypothesis that alendro-
nate may protect against cardiovascular events, at least in the 
short term [19]. Countering this argument are meta-analyses and 
other observations that alendronate was not associated with a 
reduction in cardiovascular events when it was administered after 
romosozumab [19].

Because of the uncertainty of a cardiovascular safety signal, 
romosozumab was approved by regulatory agencies in the USA 
and EU with a warning in patients suffering myocardial infarction 
or stroke (in the preceding year according to FDA, and at any time 
according to EMA).
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Apart from this discussion, rates of adverse and serious 
adverse non-cardiovascular events were similar between treat-
ment arms in all trials, with only mild injection-site reactions 
generally occurring in a higher number in the romosozumab 
arm [20].

 Outcome

The 70-year-old woman presented in the case was referred to a 
specialist for further evaluation of osteoporosis, which is note-
worthy because most individuals who sustain a fragility fracture 
of the hip are not referred for further evaluation [21]. Additionally, 
in this setting, such patients are at great risk for another fragility 
fracture. It is imperative to recognize that a fragility fracture is an 
event that requires urgent evaluation. Even though she had pre-
sumably been evaluated at the time alendronate was prescribed, it 
was appropriate to revisit the possibility of secondary causes that 
might have developed since.

The rationale for the specialist to recommend romosozumab is 
based on several compelling points. First, one could consider 
alendronate to have “failed” because the patient fractured and the 
increases in BMD were only modest. Second, romosozumab has 
demonstrated clear efficacy in reducing the risk of hip fracture 
[11, 12]. In a setting like this, moreover, one would prefer an ana-
bolic agent that could not only improve bone density but also 
address the microarchitectural deterioration that she clearly dem-
onstrated. While teriparatide is an option, romosozumab has been 
shown to be more effective in increasing hip BMD and several 
parameters of bone quality and strength [13]. Future head-to-head 
studies will be helpful in obtaining similar data on abaloparatide. 
Finally, the anabolic effect of romosozumab seems not to be 
blunted by previous antiresorptive therapy, as can be seen with 
teriparatide [13]. In women transitioning from bisphosphonate 
therapy, romosozumab demonstrated the same increase in BMD 
as patients not previously treated [13].
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• Romosozumab is a recently introduced bone active agent 
that uniquely serves as both an anabolic and antiresorp-
tive therapy.

• Romosozumab effectively improves bone mass and bone 
quality and reduces fracture risk.

• The safety profile is acceptable while controversy exists 
about whether there is any increase in cardiovascular 
risk.
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“Drug Holidays”: When 
and How?

Priyanka Majety 
and Alan Ona Malabanan

 Case Presentation

A 69-year-old woman was diagnosed with osteoporosis based on 
BMD T-scores of −2.8 at the lumbar spine and −2.5 at the femoral 
neck 5 years ago and started on alendronate 70 mg weekly which she 
has tolerated without problem. The most recent BMD demonstrated 
T-scores of −1.8 at the lumbar spine and −2.0 at the femoral neck. 
She inquires about the possibility of discontinuing alendronate.

 Assessment and Diagnosis

As of the time of this writing, there are ten FDA-approved drugs 
for the treatment of osteoporosis, proven to lower but not elimi-
nate osteoporotic fracture risk. For those at highest fracture risk, 
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one could argue for continued osteoporosis treatment paralleling 
the treatment of other chronic medical conditions such as hyper-
tension, hyperlipidemia, and diabetes. However, the long persis-
tence of bisphosphonates in bone concomitantly lowers the 
fracture risk and increases the risk for adverse effects, raising 
the possibility and need for osteoporosis drug holidays.

Bisphosphonates have a high affinity for bone hydroxyapatite 
and are preferentially incorporated into active bone remodeling 
sites. During remodeling, some bound bisphosphonate is released 
from bone; a portion binds again to bone and remains metaboli-
cally active. Bisphosphonates with higher affinity are more 
quickly rebound, increasing skeletal retention. Bisphosphonates 
differ in their mineral binding affinity (zoledronic acid > alendro-
nate > ibandronate > risedronate) and their ability to inhibit farne-
syl pyrophosphate synthase, which is responsible for their 
antiresorptive potency (zoledronic acid > risedronate > ibandro-
nate > alendronate) [1].

 Management

 What Is a Drug Holiday?

The first mention of an osteoporosis drug holiday referred to 
bisphosphonate cessation in patients diagnosed with osteonecrosis 
of the jaw [2]. However, drug cessation in response to an adverse 
event is not truly what we consider a drug holiday now. The phrase 
“drug holiday,” as first used by Curtis et al., means the bisphospho-
nate is being electively stopped temporarily, during which anti-frac-
ture benefit might persist, while potential risks are minimized [3].

It is unusual to contemplate a drug holiday in treating chronic 
disease as most medications lose their effect after treatment dis-
continuation. But the persistence and long-term activity of 
bisphosphonates raise the possibility of an osteoporosis drug hol-
iday. As detailed in Chap. 12, long-term bisphosphonate therapy 
is associated with adverse effects. A drug holiday allows balanc-
ing the long-term benefits with the long-term risks of bisphospho-
nate treatment.
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 Which Drugs Have Evidence for a Drug Holiday?

 Drugs with Evidence Supporting a Drug Holiday: 
Alendronate, Zoledronic Acid, and Risedronate
In the Fracture Intervention Trial Long-term Extension Trial 
(FLEX), 1999 patients on 5 years of daily alendronate were ran-
domized to alendronate (5 or 10 mg daily) or placebo for an addi-
tional 5 years. Those on 10 years of alendronate had fewer clinical 
vertebral fractures than those on 5 years (5.3% vs. 2.4%, respec-
tively). Those discontinuing alendronate after 5 years had a 3.7% 
and 2.4% decrease in spine and hip BMD, respectively. There was 
no difference between the groups in morphometric vertebral or 
nonvertebral fractures [4]. A post hoc analysis showed that 
patients with T-scores of ≤ −2.5 at the femoral neck demonstrated 
a significant reduction in nonvertebral fractures with alendronate 
continuation compared with placebo (RR 0.50). No benefit was 
observed in patients with higher T-scores. The presence of a prev-
alent vertebral fracture at baseline did not interact with the dem-
onstrated effect of femoral neck BMD on nonvertebral fracture 
risk [5]. A subsequent analysis noted that older age was indepen-
dently associated with a greater risk of fracture (relative hazard 
ratio 1.54 per 5-year increase). Bone density decreases and bone 
turnover marker increases did not seem to predict fractures with 
alendronate discontinuation [6].

In an extension of the Health Outcomes and Reduced Incidence 
with Zoledronic Acid Once Yearly-Pivotal Fracture Trial 
(HORIZON-PFT), 1233 patients treated with zoledronic acid 
5  mg yearly for 3  years were randomized to placebo or yearly 
zoledronic acid for 3 additional years. Continued treatment 
resulted in a 52% lower risk of morphometric vertebral fracture 
(fracture rates 3.0% vs. 6.2%). The risk of clinical vertebral, hip, 
and nonvertebral fractures did not differ between the groups [7]. 
A subsequent extension trial comparing those with annual zole-
dronic acid for 6  years with those treated annually for 9  years 
found minimal difference between BMD, bone turnover markers, 
and fracture risk, although there was a slight increase in arrhyth-
mias in those with 9 years of treatment [8]. Recent work suggests 
that even infrequent dosing of zoledronic acid (5.5-year interval 
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with zoledronic acid 5 mg) may prevent bone loss in older post-
menopausal women for almost 11 years [9].

In the Vertebral Efficacy with Risedronate Therapy  – North 
American (VERT-NA), patients treated with either daily risedro-
nate (N = 398) or placebo (N = 361) for 3 years were followed for 
an additional 1 year after discontinuation. The morphometric verte-
bral fracture incidence remained 46% lower in the former risedro-
nate group, as compared with the former placebo group (6.5% vs. 
11.6%, respectively). However, there was no group of patients con-
tinuing on risedronate; hence, it was not possible to compare the 
fracture risk of discontinuing therapy with continuing therapy [10].

 Drugs with Evidence Against a Drug Holiday: 
Calcitonin, Denosumab, Raloxifene, Estrogen, 
Teriparatide, Abaloparatide, and Romosozumab
Nasal calcitonin is a weak antiresorptive agent and its anti- 
osteoporotic effects wane quickly after discontinuing therapy. 
Discontinuation of calcitonin leads to increased bone turnover 
and bone loss [11].

Denosumab discontinuation leads to a rebound loss of antire-
sorptive effect and rapid BMD loss, although early studies failed 
to demonstrate an increase in fractures compared with placebo for 
up to 24 months after treatment cessation [12]. However, there 
have been numerous case reports of multiple spontaneous verte-
bral fractures occurring as soon as 7 months following denosumab 
cessation with one case series reporting 1 to 11 clinical vertebral 
fractures per patient among women treated with aromatase 
 inhibitors for breast cancer [13]. A recent study found that deno-
sumab discontinuers had a 3.2-fold higher overall fracture rate 
and a 14.6-fold higher rate of multiple vertebral fractures than 
those who continued denosumab [14]. A drug holiday is not rec-
ommended for denosumab. Those with prevalent vertebral frac-
tures and longer duration of denosumab are at highest risk with 
discontinuation. Transition to bisphosphonate therapy is generally 
recommended, either with alendronate or zoledronic acid, but the 
optimal regimen is still a matter of ongoing research [15].

There is no residual effect for treatment with raloxifene or 
estrogen. With the discontinuation of raloxifene, bone turnover 
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markers return close to baseline levels within 6 months of cessa-
tion of treatment, and all densitometric increases observed during 
treatment are lost within 1 year. In a study treating women with 
either raloxifene or conjugated equine estrogens for 5 years, dis-
continuation led to spine density decreases at 1 year, with incon-
sistent effects on hip density decrease [16]. Fracture risk changes 
are unclear after treatment discontinuation.

The benefits of osteoanabolic therapies are quickly lost if not 
followed by antiresorptive treatment. There is a rapid loss of BMD 
in both women and men after teriparatide cessation. Spine density 
declined 7.1% in women and 4.1% in men 12 months after teripa-
ratide cessation, with total hip density declining 3.8% in women 
and remaining stable in men [17]. Teriparatide may now be used 
for more than 2 years during a patient’s lifetime if there is a high 
fracture risk. There are no data regarding the effects on BMD or 
fracture risk from discontinuation of abaloparatide. Given its effi-
cacy is dependent on PTH1 receptor binding, like teriparatide, loss 
of BMD is expected with abaloparatide cessation, and drug holi-
day is thus not recommended with abaloparatide.

Romosozumab-induced BMD gains are quickly lost with dis-
continuation. In a study with multiple doses of romosozumab over 
24 months, discontinuation for 12 months showed a spine BMD 
decrease of 9.3%, although remaining above baseline, and a total 
hip BMD decrease by 5.4%, returning to baseline. Propeptide of 
type 1 collagen (P1NP) levels returned to baseline and 
C- telopeptide (CTX) levels rose and remained above baseline 
12  months after discontinuation [18]. No fracture risk data are 
available for romosozumab discontinuation.

 Drugs with Inconclusive/Insufficient Evidence 
for a Drug Holiday: Ibandronate
While ibandronate is a potent bisphosphonate, there are minimal 
data about the effects of ibandronate after discontinuation. 
However, the TRIO study extension trial suggests that spine BMD 
loss after 2 years of treatment and subsequently 2 years after dis-
continuation falls between that for alendronate and risedronate, as 
may be expected by its pharmacologic effects [19]. Insufficient 
data exist to justify a drug holiday in patients on ibandronate.
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 Who Is the Right Candidate for a Drug Holiday?

Patients with a low assessed fracture risk, as based on their 
lack of prevalent fractures, stable osteopenic BMD, non-ele-
vated bone turnover markers, lack of increased fall risk, and 
lack of co- morbidities (i.e., no use of an aromatase inhibitor or 
glucocorticoid), following 5 years of alendronate or 3 years of 
zoledronic acid are ideal candidates for a drug holiday of 
between 3 and 5 years duration. Those who have used 3 years 
of risedronate may consider a shorter drug holiday of 1 year. 
Those initially at high risk and remaining at high risk after 
5 years of alendronate or risedronate or 3 years of zoledronic 
acid may continue treatment for 10 years and 6 years, respec-
tively, after which drug holiday may be reconsidered [20]. 
Patients with a persistently high fracture risk should not be 
considered for a drug holiday as the risks of interrupting ther-
apy exceed the benefits (see Table  15.1 for details regarding 
risk stratification).

Lastly, ascertain the patient’s reliability when considering a 
drug holiday. These patients need regular follow-up appointments 
with laboratory and BMD monitoring and adherence with ade-
quate calcium/vitamin D intake and exercise. They will also need 
to communicate any significant clinical or medication changes 
between visits which may prompt fracture risk reassessment and 
reinitiation of treatment.

 How Do You Monitor and Manage the Patient 
During a Drug Holiday? When Should the Drug 
Holiday End?

There are limited data guiding patient monitoring during a drug 
holiday or the benefits of reinitiating therapy. Discontinuation of 
bisphosphonate therapy leads to increases in bone turnover mark-
ers with subsequent bone loss. The FLEX and the HORIZON- 
PFT extension studies found no increased fracture risk related to 
changes in bone turnover or BMD after treatment discontinuation 
[6, 7]. Extension trials have suggested continued protection from 
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Table 15.1 Drug holiday considerations according to fracture risk

Fracture risk after 
treatment

Drug holiday 
recommendation Example

Very high risk/prior 
fractures (age >70–
75 years, recent 
fractures, frailty, 
glucocorticoids, T-score 
< −3.0, or increased fall 
risk, FRAX 
MOF > 30% or hip 
>4.5%)

Not recommended. 
Continue with total 
6–10 years oral or 
4–6 years IV and then 
reassess. Consider 
denosumab or anabolic 
therapies after treatment 
course if new fractures, 
decreasing bone density 
or increased fracture risk

75-year-old woman 
treated with 
alendronate for 
5 years, femoral neck 
T-score −3.0, 
ongoing prednisone 
for rheumatoid 
arthritis, two 
prevalent vertebral 
fractures, last 
12 months ago

High risk/prior fractures 
with increasing/stable 
BMD (femoral neck 
T-score > −2.5), 
10-year hip fracture risk 
≥3%, or risk of major 
osteoporotic fracture 
risk ≥20% and no 
additional fractures or 
risk factors

Consider drug holiday 
after 5 years of oral and 
3 years of IV 
bisphosphonate therapy

70-year-old woman, 
menopause at age 48, 
lowest initial T-score 
−2.8, no risk factors, 
bisphosphonate 
therapy for 6 years, 
BMD increased over 
that time so lowest 
T-score now is −2.1

Moderate risk/no prior 
fractures with 
increasing/stable BMD 
(a BMD T-score at the 
hip and spine both 
above −2.5), 10-year 
hip fracture risk <3% or 
risk of major 
osteoporotic fractures 
<20% and no new 
fractures or risk factors

Consider drug holiday 
after 5 years of oral and 
3 years of IV 
bisphosphonate therapy

68-year-old woman, 
menopause at age 50, 
initial lowest T-score 
−2.3, parent with a 
hip fracture, oral 
bisphosphonate 
treatment for 5 years, 
BMD stable over that 
time

Low risk/no prior 
fractures with 
increasing/stable BMD, 
a BMD T-score at the 
hip and spine both 
above −1.0, and 10-year 
hip fracture risk <3% 
and 10-year risk of 
major osteoporotic 
fractures <20%

Therapy may be 
discontinued and 
restarted when 
indications for treatment 
are met

55-year-old woman, 
menopause at age 52, 
lowest T-score −1.6, 
no risk factors, 
bisphosphonate 
therapy for 3 years
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nonvertebral fractures for 1–5  years following bisphosphonate 
cessation [4, 7, 10].

Guidelines from the American Association of Clinical 
Endocrinology have recommended monitoring for fractures (clin-
ical assessment as well as vertebral fracture assessment), clinical 
risk factors, BMD, and bone resorption markers [serum CTX and 
urine N-terminal telopeptide (NTX)] during the drug holiday. 
New fractures, increased fracture risk based on new clinical risk 
factors (i.e., aromatase inhibitors, glucocorticoids, rheumatoid 
arthritis, or diabetes mellitus), significant BMD decrease (i.e., 
greater than the least significant change for the DXA machine), or 
increasing CTX or NTX from baseline may prompt a discussion 
of ending the drug holiday and resuming treatment [21, 22]. 
Table 15.2 outlines the clinical risk factors to monitor during a 
drug holiday. Table 15.3 outlines nonpharmacologic recommen-
dations during a drug holiday. Guidelines from the American 
Society for Bone and Mineral Research have suggested reassess-
ing the drug holiday at 2–3 years for alendronate and zoledronic 
acid, with an earlier assessment for risedronate [20].

 What Are Alternatives to a Drug Holiday?

For those who remain at high fracture risk despite therapy or who 
have fractures while on therapy, we cannot consider a drug holi-
day. Alternatives to a drug holiday include continuing osteoporo-

Table 15.2 Clinical risk factors to monitor during a drug holiday

New fracture
Smoking
Rheumatoid arthritis
Diabetes mellitus
Glucocorticoid use
Secondary causes of osteoporosis (hyperthyroidism, hyperparathyroidism, 
medications)
Current alcohol use (>/= 3 drinks/day)
Significant/unintentional weight loss
Initiation of new medications such as glucocorticoids, aromatase 
inhibitors, proton pump inhibitors, heparin, anticonvulsant therapy, SGLT2 
inhibitors
Increasing fall risk
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sis treatment with the same medication or switching to another. 
The benefits and risks of continuing bisphosphonate therapy are 
highlighted above. Appropriate sequential medication selection 
requires the assessment of the patient’s ongoing fracture risk, the 
potential for BMD increase with the alternative medication, the 
patient’s comorbidities, and personal preferences. Readers are 
referred to a recent review [23]. Table  15.4 incorporates this 
sequential therapy data. Combination of denosumab and teripara-
tide may produce additional BMD gain than either denosumab or 
teriparatide alone over 24 months, although its effect on fracture 
risk reduction is not clear [24]. Combination therapy has not been 
approved.

Table 15.3 Recommendations during drug holiday from bisphosphonates

Maintain adequate calcium intake in diet and add supplements if needed. 
A total daily intake of 1200 mg/day for women age ≥50 years is 
recommended
Counsel patients to limit alcohol intake to no more than 2 units per day
Counsel patients to avoid or stop smoking
Counsel patients to maintain an active lifestyle, including weight-bearing, 
balance, and resistance exercises
Provide counseling on reducing risk of falls, particularly among the 
elderly. Consider referral for physical therapy, which may reduce 
discomfort, prevent falls, and improve quality of life

Table 15.4 Bone density effects of sequential therapies [23]

Drug BMD effect

Fracture protectionInitial Sequential Spine Hip

Teriparatide Raloxifene ↔ ↑ ?

Alendronate ↑ ↑ ?

Denosumab ↑ ↑ ?

Abaloparatide Alendronate ↑ ↑ ↔
Romosozumab Denosumab ↑ ↑ ↔

Alendronate ↑ ↑ ↑
Raloxifene Teriparatide ↑ ↑ ?

Alendronate Denosumab ↑ ↑ ?

Teriparatide ↑ ↑ ↑
Romosozumab ↑ ↑ ?

Denosumab Teriparatide ↓ ↓ ?
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Outcome

After 5 years of alendronate, our 69-year-old female patient had 
an osteopenic BMD without vertebral fracture on VFA. She took 
adequate calcium and vitamin D and had no other risk factors for 
fracture. She was deemed low risk for fracture and initiated on a 
drug holiday. A baseline fasting, early morning CTX was ordered, 
with plan to repeat CTX and BMD in 1 year. She was instructed 
on exercise, lifestyle changes, and fall prevention. She agreed to 
contact us earlier if her clinical situation changed, specifically 
with regard to new fractures, initiation of osteotoxic medications, 
or the development of new health issues.
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Osteoporosis Treatment 
Success and Failure

E. Michael Lewiecki

 Case Presentation

A healthy and active woman who has her first measurement of 
BMD with DXA at age 65  years is referred for treatment. It 
shows T-score −3.2 at the left total hip. Vertebral fracture assess-
ment (VFA) by DXA, performed because of historical height loss 
of 1.5 inches, reveals a wedge deformity at the level of T11 with 
30% vertebral height loss. After being informed of the fracture, 
she recalls having an episode of low back pain about 1 year ear-
lier while lifting her 2-year-old grandson. The pain resolved over 
several weeks without medical attention. She is started on treat-
ment with alendronate. Two years later, a repeat DXA test shows 
a statistically significant BMD increase at the left total hip, with 
T-score improved to −2.9. Is this treatment success? She is told 
to continue alendronate. Three months later, she slips on spilled 
water on the kitchen floor, falling and fracturing her hip. Is this 
now treatment failure?
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 Assessment and Diagnosis

Before starting any medication for osteoporosis, patients should 
be assessed for factors contributing to skeletal fragility and frac-
ture risk. Risk factors that are correctable, such as vitamin D defi-
ciency and poor balance, should be addressed. Patients should 
also be stratified by level of fracture risk considering all available 
clinical information, such as BMD, clinical risk factors, and/or a 
fracture risk algorithm (e.g., FRAX). The selection of an initial 
therapeutic agent can then be individualized according to the level 
of risk and other factors, such as patient preference, with a general 
theme of considering nonpharmacological therapy for those at 
low risk, a mild antiresorptive agent for those at moderate risk, a 
more potent antiresorptive agent when risk is high, and possibly 
an osteoanabolic agent when risk is very high. Although there is 
no universal consensus for defining the risk categories or the treat-
ment options, examples (Table 16.1) are provided in recent clini-
cal practice guidelines released by the Endocrine Society (ES) 
and American Association of Clinical Endocrinologists/American 
College of Endocrinologists (AACE/ACE) [1–3].

The patient described above has a diagnostic classification of 
severe osteoporosis based on an initial T-score that is −3.2 and 
having a vertebral fracture [4], with a risk of future fracture 
(27.2% 10-year probability of major osteoporotic fracture and 
9.5% 10-year probability of hip fracture with FRAX) that most 
would consider very high [1–3]. For patients at very high risk of 
fracture, the ES and AACE/ACE guidelines suggest consideration 
of initiating treatment with an osteoanabolic agent, a bisphospho-
nate, or denosumab (Table 16.1).

 Management

All approved treatments for osteoporosis have been shown in clin-
ical trials to increase BMD and reduce fracture risk, but some do 
it better than others. As an example, denosumab increases BMD 
more than bisphosphonates [5–7], and some bisphosphonates 
may increase BMD more than other bisphosphonates [8]. Meta- 
regression analyses conducted by the Foundation for the National 
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Institutes of Health Bone Quality Study assessed data from 
placebo- controlled clinical trials with many therapeutic agents. It 
was shown that larger BMD increases with treatment are associ-
ated with greater reductions in fracture risk [9, 10], consistent 
with earlier smaller studies. Osteoanabolic agents are superior to 
bisphosphonates in reducing fracture risk in postmenopausal 
women with very high baseline fracture risk [11–14]. It is now 
recognized that the sequence of therapy is important, with the 
most robust BMD response observed when treatment is started 
with an anabolic agent and followed with an antiresorptive medi-
cation. When anabolic therapy is given after an antiresorptive 

Table 16.1 Categories of fracture risk with examples and implications for 
selecting initial therapy to reduce fracture risk

Level of 
fracture 
risk Examples

Treatment 
considerations

Low
(ES, 
AACE/
ACE)

T-score > −1.0, and no hip or 
vertebral fracture, and FRAX MOF/
HF < 20%/3%

Nonpharmacological

Moderate
(ES)

T-score > −2.5, and no hip or 
vertebral fracture, and FRAX MOF/
HF < 20%/3%

Nonpharmacological or 
bisphosphonate

High
(ES, 
AACE/
ACE)

T-score ≤ −2.5, or prior hip or 
vertebral fracture, or FRAX MOF/
HF ≥ 20%/3%

Bisphosphonate
Denosumab
SERM

Very High
(ES)

T-score ≤ −2.5 and fracture(s), or 
multiple vertebral fractures, or 
severe vertebral fracture (>40% 
vertebral height loss)

Anabolic
Bisphosphonate
Denosumab

Very High
(AACE/
ACE)

T-score < −3.0, or fracture in last 
12 months, or fracture on treatment, 
or fracture on harmful drugs, or 
multiple fractures, or high fall risk, 
or FRAX MOF/HF > 30%/4.5%

Anabolic
Bisphosphonate
Denosumab

Individualizing treatment decisions according to such schemes may optimize 
the chances of treatment success and minimize treatment failures. Adapted 
from guidelines of the Endocrine Society (ES) [1, 3] and American Associa-
tion of Clinical Endocrinologists/American College of Endocrinologists 
(AACE/ACE) [2]. FRAX fracture risk assessment tool, MOF major osteopo-
rotic fracture, HF hip fracture, SERM selective estrogen receptor modulator

16 Osteoporosis Treatment Success and Failure



188

medication, there may be a delay or attenuation of the anabolic 
effect. Taken collectively, these data support the recommenda-
tions of the ES and AACE/ACE to use baseline fracture risk to 
help with the selection of the initial therapeutic agent, with osteo-
anabolic therapy a consideration when fracture risk is very high.

The concept of treat-to-target (TTT) for osteoporosis [15, 16] 
provides some additional guidance for choosing initial therapy 
based on the concept that the goal of treatment is to achieve an 
acceptable level of fracture risk. While response to therapy is 
essential, it may not be sufficient in reaching an acceptable level of 
risk. BMD, which is a surrogate for fracture risk in untreated and 
treated patients, has emerged as a pragmatic treatment target with 
TTT for osteoporosis. For a patient who is started on treatment 
because of T-score ≤ −2.5, reaching a target BMD (e.g., T-score > 
−2.0) and having no recent fracture, including a morphometric 
vertebral fracture, can be defined as treatment success. For patients 
treated with denosumab, the incidence of nonvertebral fractures is 
lower with higher total hip T-score, with a plateau of fracture inci-
dence with achievement of total hip T-score between −2.0 and 
−1.5 [17]. This suggests that aiming for T-score > −1.5, at least for 
denosumab, may not provide any additional anti-fracture benefit. 
When patients with a baseline T-score between −2.1 and −2.5 are 
started on treatment with denosumab, a BMD increase of at least 
1.0 T-score units is associated with a decrease in fracture risk [17].

Patients treated for osteoporosis should be monitored for 
adherence/compliance, safety, response, and treatment success or 
failure. For drugs to be effective, they must be taken regularly, 
correctly, and for a sufficient length of time to reduce fracture 
risk. This is especially important for oral bisphosphonates, which 
have a required regimen for administration that is problematic for 
some patients and a poor record for compliance and persistence. 
Safety monitoring has many aspects, including vigilance for rec-
ognizing adverse effects of treatment (e.g., persistent thigh pain 
may be an early symptom of atypical femur fracture), identifying 
new medical conditions that could influence treatment decisions 
(e.g., development of chronic kidney disease may lead to discon-
tinuation of a bisphosphonate), and listening to patients’ concerns 
regarding fear of side effects, such as osteonecrosis of the jaw.
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The outcomes of osteoporosis treatment can be categorized 
according to whether there is a skeletal response, treatment suc-
cess, or treatment failure, with consideration of BMD, bone turn-
over markers, and the presence or absence of a new fracture 
(Table  16.2). Response to treatment is typically measured with 
follow-up BMD testing by DXA 1 to 2  years after starting or 
changing medication, and/or measurement of a bone turnover 
marker, such as serum C-telopeptide of type 1 collagen (CTX), a 
marker of bone resorption, or N-terminal propeptide type 1 
 procollagen (P1NP), a marker of bone formation. A significant 
change of a bone turnover marker may occur within several 
months of initiating treatment, while the time required for a sig-
nificant change of BMD is much longer. Indicators of a treatment 
response are stabilization or a significant improvement of BMD 

Table 16.2 Consequences of osteoporosis treatment

Treatment 
outcome Description

Response Stability or significant increase of BMD with appropriate 
change of bone turnover marker level

Success BMD increase to T-score > −2.0 when treatment is started 
because of T-score ≤ −2.5, or T-score increase of at least 
1.0 units when treatment is started with T-score > −2.5, and 
no recent fracture (e.g., within 3 years)

Failure Two or more incident fractures; or one incident fracture with 
significant decrease in BMD and/or lack of appropriate 
change of bone turnover marker level; or significant decrease 
in BMD and lack of appropriate change of bone turnover 
marker level

Three categories of osteoporosis treatment outcomes are proposed. They are 
adapted from multiple published sources [9, 10, 16, 17, 19], some of which 
rely heavily on expert opinion, and are not necessarily mutually exclusive. In 
order to be a treatment success, a patient must respond to therapy; however, 
a patient could respond to therapy and qualify as treatment failure if there 
have been two or more incident fractures. Treatment success may not be 
achievable for some patients with medications that are currently available. 
Classifying patients into one or more of these somewhat arbitrary categories, 
when possible, may be helpful in providing a framework for consideration of 
further evaluation and making clinical decisions about continuing or chang-
ing therapy
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and a significant decrease in a bone resorption marker with antire-
sorptive therapy or significant increase in a bone formation marker 
with osteoanabolic therapy. Due to coupling of bone resorption 
and formation, changes in levels of markers of resorption and for-
mation typically move in the same direction with treatment. 
However, romosozumab is an exception: because of its “dual 
effect” on bone remodeling with uncoupling of resorption and 
formation, bone formation markers initially increase, while 
resorption markers decrease. The pattern and timing of the 
changes in bone turnover marker levels vary with different thera-
peutic agents and the use of different types of bone turnover mark-
ers, with confounding of interpretation due to pre-analytical and 
analytical variability [18]. Therefore, the use of bone turnover 
markers in clinical practice may be challenging, requiring a thor-
ough understanding of drug pharmacodynamics and familiarity 
with the marker that is measured. The robustness of treatment 
response may vary according to many factors, including patient 
compliance and persistence.

Assessing treatment success for an individual patient is a step 
beyond determining whether the patient has responded to therapy. 
Table  16.2 provides suggestions for identifying treatment success 
adapted from a report from the Working Group of the American 
Society for Bone and Mineral Research and the National Osteoporosis 
Foundation [16]; suggestions for identifying treatment failure are 
adapted from the Working Group of the Committee of Scientific 
Advisors of the International Osteoporosis Foundation [19]. Since 
osteoporosis is a lifelong disease and all medications lose their effec-
tiveness when stopped (albeit with bisphosphonates losing effective-
ness slower than other medications due to long skeletal retention 
time), treatment success should not be followed by stopping treat-
ment; however, consideration may be given to modifying treatment 
when a treatment target has been reached (Table 16.3). When initial 
treatment has failed despite taking medication as prescribed, a thor-
ough evaluation for contributing factors should be conducted, and a 
change in treatment should be considered (Table 16.3). Similarly, if 
monitoring shows that the patient is not on a pathway to reaching a 
treatment target in a reasonable period of time, consideration should 
be given to switching to more aggressive therapy.
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The patient had a good response to 2 years of treatment with 
alendronate in terms of BMD increase (a bone turnover marker 
was not measured), but treatment was not fully successful because 
she remained at high fracture risk according to having T-score ≤ 
−2.5 and prior vertebral fracture [20]. It is unlikely that  continuing 
alendronate would ever result in T-score > −2.0. In retrospect, 
more effective initial treatment with a greater likelihood of reach-
ing T-score > −2.0 might have been with denosumab or an osteo-
anabolic agent (e.g., teriparatide, abaloparatide, romosozumab) 
followed by a robust antiresorptive medication.

Table 16.3 Responses to osteoporosis treatment success and failure

What to Do When Treatment Succeeds

If the patient has been on long-term bisphosphonate therapy (e.g., at least 
5 years of an oral bisphosphonate or three annual doses of zoledronic 
acid), consider a bisphosphonate holiday with periodic monitoring to 
determine when fracture risk is once again high enough for treatment to 
resume. Alternatively, the bisphosphonate could be continued with a lower 
dose or longer dosing interval than previously.
If the patient has been on long-term denosumab (e.g., at least 5 years), 
consider switching to a bisphosphonate, although the ideal dose and timing 
for doing this is uncertain. Alternatively, continue denosumab. There are 
data that denosumab reduces fracture risk with a favorable safety profile 
for up to 10 years of continuous therapy.
If the patient is completing a course of osteoanabolic therapy, it is essential 
to transition to an antiresorptive medication.
If the patient is on a mild antiresorptive agent (e.g., estrogen, raloxifene), 
consider continuing the same medication, provided the expected benefits 
outweigh the possible risks.
What to Do When Treatment Fails

Replace a weaker antiresorptive agent with one that is more potent (e.g., 
switch from raloxifene to alendronate).
Replace an oral medication with an injectable one (e.g., switch from 
alendronate to zoledronic acid or denosumab).
Replace a potent antiresorptive agent with osteoanabolic therapy (e.g., 
switch from zoledronic acid to teriparatide, abaloparatide, or 
romosozumab).

These are suggestions for making treatment decisions according to the out-
comes of initial treatment (i.e., whether treatment has been a success or 
failure)
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 Outcome

When the patient had a hip fracture (her second major osteopo-
rotic fracture), it was recognized that fracture risk was even higher 
than previously estimated. It also raised concern about her risk of 
falling, triggering further assessment and interventions to opti-
mize core strength and balance. Although the patient did not 
strictly meet the criteria for treatment failure presented in 
Table 16.2, it was recognized that fracture risk was higher than 
previously estimated. It was decided to switch from alendronate 
to an osteoanabolic agent. Although prior treatment with alendro-
nate may delay or attenuate the bone building effects of osteoana-
bolic therapy, it is nevertheless likely that changing to 
osteoanabolic therapy will increase BMD, improve bone struc-
ture, and reduce fracture risk more than continuing alendronate. 
After completing a course of osteoanabolic therapy, she should be 
transitioned to a robust antiresorptive agent, such as denosumab, 
to enhance and consolidate the benefits achieved.

This patient’s case reflects the complexities of managing indi-
viduals with osteoporosis and the need to consider all available 
clinical information when making clinical decisions. Patients do 
not all fit into categories described in guidelines. Treatment deci-
sions should be individualized with consideration of the guide-
lines and good clinical judgment.

Clinical Pearls/Pitfalls
• Response to osteoporosis treatment is essential but not 

necessarily sufficient in achieving treatment success.
• Treatment success has been described as achievement of 

a target T-score and the absence of a recent fracture with 
the strategy of treat-to-target for osteoporosis.

• The occurrence of a fracture while being treated for 
osteoporosis is undesirable but does not necessarily rep-
resent treatment failure.
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• Treatment failure has been described according to a 
combination of one or more fractures while on treat-
ment, significant decrease of bone density, and lack of 
expected change of a bone turnover marker level.

• In the absence of consensus definitions for osteoporosis 
treatment success and failure, expert recommendations 
should be considered in the context of good clinical 
judgment.

• Efforts to obtain general consensus on treatment success 
and failure should include reaching agreement on defin-
ing acceptable levels of fracture risk and studies that 
evaluate changes in fracture risk associated with chang-
ing therapeutic agents.
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