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Take-Home Points
3 million people sustain fragility fractures annually, and nearly 30% die within a year of the fracture.
The incidence of fragility fractures increases in patients with comorbidities such as thyroid disease,
diabetes, hypertension, and heart disease.
The World Health Organization has developed a set of T-core criteria to diagnose osteoporosis in
postmenopausal women: a score >–1 is normal; <–1 but >–2.5 signifies osteopenia; <–2.5 denotes
osteoporosis; and <–2.5 with fragility fracture indicates severe osteoporosis.
The Z score, not the T score, should be used to assess osteoporosis in premenopausal women, men <50
years, and children. The Z score is calculated by comparing the patient’s BMD with the mean BMD of their
peers of a similar age, race, and gender. Z scores <–2.0 indicate low BMD for chronological age. A Z score
> –2.0 is considered within the expected range for age.
After an initial fragility fracture, the risk for additional ones increases significantly, making treatment of
osteoporosis essential. The National Osteoporosis Foundation recommends treating osteoporosis with
pharmacotherapy in patients with a high risk for fracture (T score <–2.5) or history of fragility fracture.26
Fragility fractures are caused by falls from standing height or repetitive physiological loads.1 With the growing
aging population in the United States, it is estimated that 3 million people will be affected by fragility fractures
yearly.2 In the setting of osseous insufficiency, fractures that are typically associated with high-energy trauma are
encountered in patients who simply trip over a parking lot curb or fall off their bike. After surgery, the severe
disruption of patients’ lives continues with a prolonged rehabilitation period.
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Fragility fractures are not only traumatizing for patients; they are also associated with significantly increased
mortality. A study by Gosch and colleagues found that 70.6% of patients died during the normal follow-up period,
and 29.4% of patients died within the first year of suffering a fracture.3 Also, the mean life expectancy postfragility fracture was only 527 days.3 Diagnosis and treatment of osteoporosis is imperative to prevent fragility
fractures before they occur.

Risk Factors and Causes
The incidence of fragility fractures increases in patients with comorbidities such as thyroid disease, diabetes,
hypertension, and heart disease.4 Hyperthyroidism and treated hypothyroidism cause an imbalance between
osteoblast and osteoclast activity, resulting in osteoporosis.5 A thyroid-stimulating hormone level < 0.1 increases
the risk of vertebral and non-vertebral fractures by a factor of 4.5 and 3.2 mIU/L respectively.4 Patients with
diabetes also have an increased risk of fragility fractures, which is due to impaired healing capabilities, especially
that of bone healing. Approximately 2 million people are affected by type 1 diabetes in the United States, and 20%
of those patients will develop osteoporosis.6
Hypertension and osteoporosis are 2 diseases that occur often in the elderly. Common etiological factors believed
to cause both hypertension and osteoporosis are low calcium intake, high consumption of salt, and vitamin D and
vitamin K deficiency. Also, hypertension treated with loop diuretics has been found to cause negative effects on
bone and increase the risk of osteoporosis.7 The only antihypertensive medications that preserve bone mineral
density (BMD) and reduce fracture risk are thiazide diuretics.7 Lastly, an association between coronary artery
disease and osteoporosis has been hypothesized. The link is not completely understood, but it is believed that
oxidative stress and inflammation are the culprits in both diseases.8 In contrast to previous hypotheses, Sosa and
colleagues found an independent association between beta blockers and fragility fractures.9 The idea that beta
blockers and fragility fractures are linked is still controversial and needs more study. Unlike beta blockers, statins
provide a protective effect on bone. They increase BMD and reduce fracture risk by inhibiting
osteoclastogenesis.10
In addition to loop diuretics and beta blockers, inhaled glucocorticoids, oral glucocorticoids, proton pump
inhibitors (PPIs), H2 receptor antagonists, and anticonvulsants decrease bone density and increase the incidence of
fragility fractures.11 Chronic glucocorticoid therapy is the most common cause of secondary osteoporosis.
Osteoblasts and osteocytes undergo apoptosis in the presence of glucocorticoids.12 Patients on glucocorticoid
therapy have an increased risk of fracture, even with higher BMD values.13 Bone changes that occur while a
patient is taking glucocorticoids may not be detected during BMD testing. Therefore, a high level of suspicion of
osteoporosis in patients on long-term glucocorticoids is imperative.
Proton pump inhibitors are among the most prescribed medications in the world; they reduce bone resorption,
increasing the risk of fracture.14 Proton pump inhibitors and H2 receptor antagonists are hypothesized to cause
malabsorption of calcium and indirectly cause osteoporosis. The risk of osteoporosis increases with the length of
PPI treatment.15 However, exposure lasting <7 years does not increase the risk of fracture.16 It is recommended
that patients on long-term PPIs be referred for BMD testing.
An association between anticonvulsants and osteoporosis has been found in observational studies. The mechanism
of this association is not yet fully understood, but it is believed that exacerbation of vitamin D deficiency leads to
increased bone metabolism.17 Gastrointestinal (GI) calcium absorption also decreases with anticonvulsant use.
Prolonged antiepileptic therapy and high-dose therapy rapidly decrease BMD. Primidone, carbamazepine,
phenobarbital, and phenytoin are the drugs most often associated with decreased BMD. Osteoporosis and fragility
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fracture in these patients can be prevented with calcium, vitamin D, and the bisphosphonate risedronate. These
medications have been shown to improve BMD by 69%.18

Diagnosis
Osteoporosis is diagnosed by the presence of a fragility fracture or by dual-energy x-ray absorptiometry (DXA) in
the absence of a fragility fracture.19 Measurements of the femoral neck by DXA are used to diagnose osteoporosis,
although DXA can also be used to measure the bone density of the spine and peripheral skeleton.20
The World Health Organization developed a set of T score criteria to diagnose osteoporosis in postmenopausal
women (Table 1). A T score >-1 is normal, <-1 but >-2.5 signifies osteopenia, <-2.5 is osteoporosis, and <-2.5
with fragility fracture is severe osteoporosis.19 The Z score, not the T score, should be used to assess osteoporosis
in premenopausal women, men <50 years, and children (Table 2). The Z score is calculated by comparing the
patient’s BMD with the mean BMD of their peers of a similar age, race, and gender.19 Z scores <-2.0 indicate low
BMD for chronological age. A Z score > -2.0 is considered within the expected range for age.20 Bone mineral
density testing is the rate- limiting step to starting osteoporosis treatment.21 Without testing, treatment of
osteoporosis is very unlikely.
The World Health Organization also developed a tool to predict fracture risk. The Fracture Risk Assessment Tool
uses fracture history in addition to other risk factors to predict a patient’s 10-year risk of major fracture.22 Risk
factors used to assess fracture risk include age, sex, weight, height, previous fracture, parental hip fracture
history, current smoker, glucocorticoid use, rheumatoid arthritis, secondary osteoporosis, excessive alcohol use,
and femoral neck BMD.
In 2011, the United States Preventive Services Task Force (USPSTF) recommended that all women ≥65 years
should be screened for osteoporosis by DXA. Women <65 years with a 10-year fracture risk =/> than that of a 65year-old white woman should also be screened for osteoporosis. These recommendations are different for men. It
was concluded that the evidence was insufficient to support osteoporosis screening in men.23 As of April 2017,
Centers for Medicare and Medicaid Services current reimbursement rates for DXA scans are, on average, $123.10
in the hospital setting and $41.63 in the office setting. The axial DXA CPT code is 77080.

Treatment
Nonpharmacologic
Patients with mild osteoporosis may be treated first non-pharmacologically. Lifestyle changes such as calcium and
vitamin D supplementation, exercise, and smoking cessation are non-pharmacologic treatment options. Calcium
carbonate and calcium citrate are common supplements. Calcium carbonate is 40% elemental calcium, whereas
calcium citrate supplements are only 21% elemental calcium. Calcium supplements are best absorbed when taken
with food.24 The recommended daily total calcium intake is 1200 mg.25 Only 500 to 600 milligrams of calcium can
be absorbed by the GI tract at a time. Therefore, calcium supplements should be taken at least 4 to 5 hours
apart.24 Patients should also be counseled that calcium supplements may cause GI side effects such as bloating
and constipation. To reduce side effects, patients can slowly increase the dose of calcium to a therapeutic level.
Vitamin D supplementation works best in conjunction with calcium supplementation. Vitamin D functions to
regulate calcium absorption in the intestine and stimulate bone resorption and maintain the serum calcium
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concentration. The National Osteoporosis Foundation recommends 800 to 1000 international units of vitamin D
daily.24 Lifestyle changes may be sufficient to stop the progression of osteoporosis in its early stages. Once
osteoporosis becomes severe enough, pharmacotherapy is needed to stop further bone destruction and improve
BMD.

Pharmacologic
After an initial fragility fracture, the risk of additional ones increases significantly, making treatment of
osteoporosis essential. The National Osteoporosis Foundation recommends treating osteoporosis with
pharmacotherapy in patients with a high risk of fracture (T score <-2.5) or history of fragility fracture.26
Bisphosphonates inhibit bone resorption and are considered the first-line therapy for postmenopausal women with
osteoporosis. A common side effect of oral bisphosphonates is GI toxicity. Patients are advised to avoid lying down
for at least 30 minutes after medication administration to avoid esophageal irritation. Oral bisphosphonates should
also be taken in the morning on an empty stomach with at least 8 ounces of water. Recurrent bisphosphonate use
should be avoided in patients with chronic kidney disease. Oral alendronate and risedronate are typically
discontinued after 5 years of use.27 Long-term bisphosphonate use may cause an increased risk of fragility fracture
due to oversuppression of bone turnover. To avoid this risk, bisphosphonate “drug holidays” are an option.
Bisphosphonates accumulate over time, creating reservoirs. Even after therapy is stopped, patients continue to
have therapeutic effects for 2 to 5 years.28
Bisphosphonates are available in both oral and intravenous forms. Alendronate is available in doses of 10 mg and
70 mg for daily and weekly administration, respectively. Both are available in tablet form, but the 70 mg weekly
dose is also available in a dissolvable formulation. Alendronate is available in a reduced dose for osteoporosis
prevention. Alendronate dosing for osteoporosis prevention is 5 mg daily or 35 mg weekly. Risedronate is dosed as
5 mg daily, 35 mg weekly, or 150 mg monthly. Intravenous bisphosphonates are indicated when oral
bisphosphonates are not tolerated, only after vitamin D has been assessed and is within the normal range.
Zoledronic acid is administered as a 15-minute infusion once a year.
Teriparatide (Forteo; PTH-1-34) is available for glucocorticoid-induced osteoporosis, postmenopausal women, and
men with severe osteoporosis. It is indicated for patients in whom bisphosphonate treatment has failed or those
who do not tolerate bisphosphonates. Teriparatide is a synthetic parathyroid hormone (PTH) that acts as an
anabolic agent, stimulating bone formation, maturation, and remodeling.29 In addition to its application as a bonebuilding hormone, teriparatide has gained popularity for various off-label uses. These include accelerated
osteosynthesis, stress fracture healing, and in the nonoperative treatment of osteoarthritis.29 Parathyroid hormone
has been shown to stimulate the maturation, proliferation, and maintenance of osteoblast progenitor cells. More
recently, PTH has been shown to regulate chondrocyte signaling, as well as differentiation and maturation.
Further study on the chondroregenerative potential of PTH has demonstrated its efficacy as a novel diseasemodifying agent in the treatment of osteoarthritis.29 Teriparatide is administered as a daily subcutaneous injection.
The United States dosing is 600 mcg/2.4 mL. Adverse effects such as orthostatic hypotension and osteosarcoma
may occur. BMD testing should be performed 1 to 2 years after initiation of teriparatide and every 2 years
thereafter.26
Abaloparatide (Tymlos), a human parathyroid hormone, is another treatment option for postmenopausal women at
risk of osteoporotic fracture. In a study comparing the efficacy of abaloparatide and teriparatide, treatment with
abaloparatide was found to induce higher BMD levels in a time frame of 12 months. The BMD differences could be
attributed to many factors, such as an enhanced net anabolic effect or a reduced osteoblast expression.
Furthermore, the risk of developing new vertebral and nonvertebral fractures decreased in the abaloparatide
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group compared with the placebo group over a period of 18 months.30
The recommended daily dose for abaloparatide is 80 mcg via subcutaneous injection with calcium and vitamin D
supplements.31 Adverse reactions were consistent between abaloparatide and teriparatide, and included
hypercalcemia, hypercalciuria, and orthostatic hypotension.30 The use of parathyroid analogs for >2 years is not
recommended due to the risk of osteosarcoma.
Denosumab (Prolia) is a monoclonal antibody that stops osteoclastogenesis by blocking the binding of RANKL to
RANK.31 It is indicated for patients intolerant to bisphosphonates or with impaired kidney function. Prolia is
administered subcutaneously in 60 mg doses every 6 months in men and postmenopausal women with
osteoporosis. Prolia is contraindicated in patients with hypersensitivity to any component of the medication,
pregnancy, and hypocalcemia.
Selective estrogen receptor modulators (SERMs), such as raloxifene and tamoxifen, can treat osteoporosis
effectively in postmenopausal women. Raloxifene is considered the SERM of choice due to the availability of more
robust safety and efficacy data. Raloxifene increases BMD while decreasing bone resorption and bone turnover.32
It is also used to reduce breast cancer risk; however, it increases the risk of thromboembolic events and hot
flashes. Tamoxifen is not typically used to treat osteoporosis, but women treated for breast cancer with tamoxifen
receive some bone protection.
Lastly, calcitonin and strontium ranelate are also options to treat osteoporosis. However, both calcitonin and
strontium ranelate have weak effects on BMD. Calcitonin only transiently inhibits osteoclast activity.33 Therefore,
medications like bisphosphonates, teriparatide, denosumab, and SERMs are preferred.
A summary of medications used to treat osteoporosis can be found in Table 3.

Conclusion
With a growing aging population, the prevalence of osteoporosis is expected to increase. By 2025, experts
estimate that there will be 2 million fractures yearly, costing the United States upwards of $25 billion.34,35 This
estimate does not include the cost of lost productivity or disability, which will likely cost billions more.34,35
Understanding risk factors and eliminating medications known to cause decreased BMD are vital. Obtaining a
BMD measurement is the rate-limiting step for treatment initiation. Without an appropriate diagnosis, treatment is
unlikely. As providers, it us our responsibility to maintain a high level of suspicion of osteoporosis in the elderly
and promptly diagnose and treat them.
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Table 1. T Score Criteria
T score
Diagnosis
> -1.0
Normal
-1.0 to -2.5
Osteopenia
< -2.5
Osteoporosis
< -2.5 with fragility fracture Severe osteoporosis

Table 2. Z Score Criteria
Z score Diagnosis
> -2.0 Normal BMD for age
< -2.0 Low BMD for age

Table 3. Overview of Common Medications Used in the Treatment and Prevention of Osteoporosis
Medication
Indication
Calcium supplementation Mild osteoporosis
Vitamin D
Mild osteoporosis
supplementation
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10 mg oral/d
70 mg oral/wk

Postmenopausal osteoporosis
Alendronate

5 mg/d
35 mg/wk
5 mg oral/d
35 mg oral/wk
150 mg oral/mo

Osteoporosis prevention
Risedronate

Postmenopausal osteoporosis

Raloxifene
Tamoxifen

Glucocorticoid-inducted osteoporosis,
postmenopausal osteoporosis, men with
severe osteoporosis
Postmenopausal osteoporosis
Patients intolerant to bisphosphonates;
patients with impaired kidney function.
Postmenopausal osteoporosis
Postmenopausal osteoporosis

Calcitonin

Postmenopausal osteoporosis

Strontium ranelate

Postmenopausal osteoporosis Severe
osteoporosis in men

Teriparatide (Forteo)
Abaloparatide (Tymlos)
Denosumab (Prolia)

600 mcg/2.4 mL
subcutaneous/d
80 mcg subcutaneous/d
60 mg subcutaneous every 6
mo
60 mg oral/d
20 mg oral/d
100 units intramuscular or
subcutaneous/d
200 units (1 spray)
intranasal/d
2 g/d dissolved in water,
prior to bedtime
Not recommended in CrCl
<30 mL/min

Abbreviation: CrCl, creatinine clearance.
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