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A 69-year-old woman presents to review the results of her first dual-energy x-ray 
absorptiometry (DXA) scan. Her T scores are −2.6 at the lumbar spine and −2.3 at the 
total hip. She fell while walking 18 months ago and fractured her left humerus. Im-
aging of the spine, performed to investigate 5 cm (2 in.) of height loss and moderate 
thoracic kyphosis, reveals two vertebral fractures. How should this patient be evalu-
ated and treated?

The Clinic a l Problem

Postmenopausal osteoporosis is caused by estrogen deficiency, 
which leads to increased osteoclast differentiation and activation, accelerated 
bone resorption that outpaces formation, and rapid bone loss, particularly 

in the years immediately before and after menopause. This results in low bone 
mineral density, deteriorated bone microarchitecture, decreased bone strength, 
and increased risk of fragility fractures. Postmenopausal osteoporosis is diag-
nosed on the basis of the occurrence of a fragility fracture (with no associated 
trauma or with trauma equivalent to falling from a standing height or less) or bone 
mineral density at the spine, total hip, or femoral neck that is at least 2.5 standard 
deviations below the mean of that in a young adult reference population (T score 
of −2.5 or less), as measured with the use of DXA. In the United States, approxi-
mately 20% of women over 50 years of age and 30% of women 65 years of age or 
older meet DXA criteria for osteoporosis.1,2 In the United States, osteoporosis is 
more common among White, Asian, and Hispanic women than among non-His-
panic Black women.2 An additional 40% of postmenopausal women have low bone 
mass (osteopenia; defined as a T score between −1.0 and −2.49). Approximately 
50% of postmenopausal women will have fragility fractures, which cause pain, 
disability, and decreased quality of life. After a hip fracture, many women never 
regain independence, 20% are institutionalized, and the risk of death within 1 year 
doubles.3,4 Non-White women who have hip fractures are more likely to die within 
6 months, are less likely to regain independence, and have less timely surgery and 
rehabilitation than White women who have hip fractures.5 The annual health care 
cost associated with fractures related to postmenopausal osteoporosis in the 
United States, currently $57 billion, is projected to exceed $95 billion by 2040.6

S tr ategies a nd E v idence

Diagnosis and Evaluation

Osteoporosis is asymptomatic until the first clinical fracture. Bone mineral den-
sity as measured with the use of DXA is the gold standard for identifying patients 
at risk. Each standard deviation reduction below a T score of 0 is associated with 
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a doubling or tripling in the risk of fracture.7 
Most guidelines recommend DXA of the spine 
and hip for postmenopausal women 65 years of 
age or older and for postmenopausal women 
younger than 65 who have risk factors (Ta-
ble 1).8-11 Forearm bone mineral density predicts 
fracture and can be measured if recommended 
sites are not evaluable or if hyperparathyroidism 
is present. Fragility fractures of the spine, hip, 
forearm, humerus, and pelvis are diagnostic of 
osteoporosis, even with T scores higher than 
−2.5. The occurrence of a fragility fracture is as-
sociated with a marked increased in the immi-
nent risk of additional fractures.12

Vertebral compression fractures, the most 
common osteoporotic fractures, are frequently 
painful and cause height loss but may be asymp-
tomatic. Vertebral fractures are associated with 
increased mortality, and the presence of verte-
bral fractures influences diagnosis, risk strati-
fication, and therapeutic decisions.13 Vertebral 
fracture analysis, a low-radiation spine image 
obtained on a densitometer when bone mineral 
density is measured, has high sensitivity and 
specificity to detect moderate or severe (≥25%) 
vertebral compressions. Vertebral fracture analy-
sis or spine radiography should be performed 
when suspicion is high (e.g., height loss of >1.5 
inches [>3.8 cm]) or if the management strategy 
may be affected (Fig. 1). Fracture risk can be 
estimated with the use of the fracture risk as-
sessment tool (FRAX) or other validated calcula-
tors. FRAX estimates the 10-year probability of 
major osteoporotic fracture and hip fracture on 

the basis of clinical risk factors (Table 1), with 
or without a measurement of bone mineral den-
sity. Many authorities recommend designating 
patients who have an elevated fracture risk but 
do not have T scores of −2.5 or less or a fragility 
fracture as having osteoporosis.14

Bone microarchitecture contributes to bone 
strength and can be assessed by means of sev-
eral methods. The trabecular bone score — a 
Food and Drug Administration (FDA)–cleared, 
Medicare-covered, indirect measure of spine tra-
becular microarchitecture that is obtained from 
a DXA image with the use of additional com-
mercially available software — predicts fracture 
risk independent of bone mineral density.15 FRAX-
estimated fracture risk or T scores can be ad-
justed with the use of the trabecular bone score 
to enhance risk stratification. The trabecular 
bone score is most useful when it influences 
treatment decisions (e.g., for osteopenia or when 
the level of fracture risk is close to an interven-
tion threshold) but should not be used alone for 
diagnosis. FDA-approved, clinically available soft-
ware now permits opportunistic screening of 
volumetric bone mineral density, bone strength, 
and prevalent vertebral fractures with the use of 
routine clinical computed tomography (CT) to 
identify persons at risk for future fractures. Evi-
dence suggests that this technology performs at 
least as well as DXA. Measurement of bone micro-
structure and strength by means of high-resolu-
tion peripheral quantitative CT (HRpQCT) pre-
dicts fracture risk independent of bone mineral 
density but is not FDA-approved for diagnosis.16

Key Clinical Points

Postmenopausal Osteoporosis

• Fragility fractures are very common among postmenopausal women and are associated with increased 
morbidity, mortality, and health care expenditures.

• Dual-energy x-ray absorptiometry (DXA) is recommended in postmenopausal women 65 years of age  
or older and postmenopausal women younger than 65 years of age who have risk factors.

• Osteoporosis is diagnosed on the basis of a fragility fracture or a DXA T score of −2.5 or less.
• Treatment of postmenopausal osteoporosis is recommended for patients who have any of the following 

findings: a fragility fracture (or fractures), particularly of the hip or spine, regardless of the patient’s bone 
mineral density; a T score of −2.5 or less at the lumbar spine, total hip, or femoral neck; or a high 10-year  
fracture risk (hip fracture risk of ≥3% or major osteoporotic fracture risk of ≥20%) according to the fracture 
risk assessment tool (FRAX).

• Evaluation should include risk stratification (based on the T score, presence of fractures, and FRAX 
score) to categorize candidates who meet treatment thresholds as “high risk” or “very high risk.”

• The selection of therapy must include consideration of coexisting conditions and contraindications,  
but anabolic agents are the preferred first line of treatment in women at very high risk.
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Other Evaluations

Medical history, medications, and risk factors 
should be assessed. Other metabolic bone dis-
eases that are associated with low bone mineral 
density, such as osteomalacia, are important di-
agnostic considerations (Fig. 1). Conditions (e.g., 
celiac disease) and medications (e.g., glucocorti-
coids) that cause remediable bone loss should be 
addressed (Table 1). Because there is no consen-
sus regarding the most cost-effective laboratory 
evaluation, testing depends on the clinical situ-
ation but must, at minimum, identify contra-
indications to specific therapeutics (Fig. 1 and 
Table 2).

Tr e atmen t

The fundamental goal of treatment is to prevent 
fractures in women at high risk before their first 
fracture (primary prevention) or before a subse-
quent fracture (secondary prevention). Lifestyle 
modifications are applicable to all of these pa-
tients. Pharmacologic interventions (Table 2) are 
targeted to women at high risk for fracture. Inter-
vention thresholds vary according to different 
guidelines (Table 3), but many guidelines recom-
mend treating women who have fragility frac-
tures of the hip or spine, regardless of bone 
mineral density; those with T scores of −2.5 or 
less at the lumbar spine, total hip, or femoral 
neck; and those with high 10-year fracture risk 
as assessed with the use of FRAX (hip fracture 
risk of ≥3% or major osteoporotic fracture risk of 
≥20%).8 Findings from randomized, controlled 
trials support the fracture-risk–reduction efficacy 
of FDA-approved treatments based on T scores 
or fracture criteria (or both). Evidence that sup-
ports treatment based on FRAX-estimated frac-
ture risk is less robust.8,25,26

Lifestyle Changes

Patients should be encouraged to stop smoking, 
avoid excessive alcohol, increase weight-bearing 
exercise, and prevent falls.27,28 Most guidelines 
recommend 1000 to 1200 mg of calcium daily in 
women with postmenopausal osteoporosis, pref-
erably obtained from diet,8,11 and 400 to 1000 IU 
of vitamin D daily.8,11 Some experts and guide-
lines recommend adjusting vitamin D intake to 
achieve serum 25-hydroxyvitamin D levels high-
er than 20 to 30 ng per milliliter, but this ap-

proach is controversial and not supported by 
rigorous data.8,24

Whether calcium and vitamin D supplemen-
tation reduces fractures remains debated. Limited 
evidence suggests supplemental calcium combined 
with vitamin D significantly reduces hip frac-
tures, but not nonvertebral or vertebral fractures, 
in patients with postmenopausal osteoporosis.17 
Because the efficacy of most osteoporosis medi-
cations has been studied in conjunction with 
calcium and vitamin D supplementation, and 
some osteoporosis medications can cause hypo-
calcemia, adequate calcium and vitamin D in-
take is prudent. Risks associated with calcium 
supplementation include nephrolithiasis and, ac-
cording to some meta-analyses, increased inci-
dence of cardiovascular events, although studies 

Table 1. Risk Factors for Postmenopausal Osteoporosis 
and Fracture.

Older age

Low weight (<127 lb [<58 kg])

Previous fracture during adulthood (particularly hip, spine, 
or wrist); recent fracture indicates a higher risk than 
remote or unclear history

Parental history of hip fracture

Current or past glucocorticoid treatment (>5 mg predniso-
lone daily or equivalent for 3 mo or more)

Other medications that cause bone loss*

Current smoking

Excess alcohol intake

Causes of secondary osteoporosis†

Rheumatoid arthritis

Premature menopause (<40 yr of age) or hypogonadism

Frequent falls

*  These medications include (but are not limited to) 
aromatase inhibitors, suppressive doses of thyroid 
hormone, chemotherapy, cyclosporine, unfractionated 
and low-molecular-weight heparins, antidepressants, 
thiazolidinediones, selected anticonvulsant drugs, and 
proton-pump inhibitors. Some drug categories have been 
associated with higher fractures in epidemiologic studies 
but have not been causally linked.

†  Causes include (but are not limited to) organ transplan-
tation, primary hyperparathyroidism, chronic kidney dis-
ease, type 1 and type 2 diabetes, anorexia nervosa, hypo-
pituitarism, malabsorption, bariatric surgery, immobility, 
untreated hyperthyroidism, chronic pulmonary disease, 
human immunodeficiency virus infection, Cushing’s dis-
ease, osteogenesis imperfecta, Gaucher’s disease, and 
Marfan syndrome.
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included in the meta-analyses were not designed 
to assess cardiovascular outcomes.29

Pharmacologic Approaches

Therapies for postmenopausal osteoporosis act 
by reducing bone resorption (antiresorptive ther-
apies), stimulating bone formation (anabolic 

therapies), or both. All pharmacologic approach-
es reduce vertebral fracture risk, and some re-
duce the risk of nonvertebral and hip fractures.17 
Table 2 summarizes available therapies and 
fracture risk reductions that have been assessed 
in randomized, controlled trials. Selection of a 
therapy must include the consideration of osteo-

Obtain history, perform physical
examination, and assess clinical risk factors

Perform other testing depending 
on clinical situation: PTH, SPEP
or UPEP, TSH, ESR, celiac
disease (transglutaminase IgA
antibody and IgA level), 24-hour
urine calcium

Evaluate for Cushing’s disease,
mastocytosis, etc. 

History of fragility fracture

≥65 Yr of age or <65 yr of age
plus ≥1 risk factor

T score −2.5 or less
T score −1.1 to −2.4

(osteopenia) 
Normal bone mineral

density

<65 Yr of age, no risk factors, low
suspicion of vertebral fracture

Obtain TBS if available
 and osteopenia present

Estimate fracture risk
(FRAX) with or without

adjustment for TBS

Perform DXA if not already done
Consider alternate diagnoses

based on history and labora-
tory evaluation

Perform minimum laboratory
evaluation to exclude contra-
indications to various drug
therapies: serum creatinine,
calcium, albumin, 25-OH
vitamin D, alkaline phospha-
tase, phosphate, CBC

Fragility fracture present
Measure bone mineral

density by DXA

Osteoporosis

Treat for osteoporosis
 if no clinical or laboratory

contraindication

Suspicion for vertebral fracture high
on the basis of history and physical

examination (e.g., height loss >1.5 in.
[>3.8 cm], kyphosis, chronic steroid use,

or other risk factors for vertebral fracture)

Image spine to perform risk
stratification and guide

pharmacologic management

Reassess at
appropriate

interval

High risk
MOF ≥20%

Hip ≥3%

DXA not available

Clinical evaluation
suggests

alternate condition

Address or treat underlying abnor-
malities or alternate diagnoses:

secondary and drug-induced osteo-
porosis, osteomalacia, primary
hyperparathyroidism, cancer or

metastases, myeloma, CKD-MBD,
 Paget’s disease, etc.

Metabolic bone disease
other than osteoporosis or

secondary osteoporosis
identified

Underlying condition resolved and treatment
still indicated, or treatment indicated regardless 

of presence of underlying condition

Intermediate risk
MOF <20%

Hip <3%
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porosis severity, fracture risk, coexisting condi-
tions, and factors and preferences specific to the 
patient. “High risk” for fracture is typically 
defined as meeting the minimal intervention 
thresholds. “Very high risk” is typically defined 
as having a T score of less than −3.0, a fragil-
ity fracture and a T score of −2.5 or less, or 
multiple vertebral fractures. Most guidelines 
suggest initial treatment with anabolic agents in 
women at very high risk, unless contraindicated 
(Table 3).

Bisphosphonates
For women with postmenopausal osteoporosis 
who are at high risk for fracture, most guide-
lines recommend bisphosphonates as initial treat-
ment, given their efficacy, safety, convenience, 
low cost, and enduring effects after discontinu-
ation (Table 2). Four oral and intravenous 
bisphosphonates are FDA-approved for post-
menopausal osteoporosis. All reduce the risk of 
vertebral fracture.24 All but ibandronate reduce 
the risk of hip and nonvertebral fractures.17,24 
When administered within 90 days after hip 
fracture repair and annually for 3 years, zoledro-
nate also reduced the risk of death, although the 
mechanism is unclear.

Oral bisphosphonates are poorly absorbed 
and may cause upper gastrointestinal mucosal 
irritation (Table 2). Intravenous zoledronate is 
preferred in patients who have this side effect 
and those with esophageal dysfunction. Acute-
phase reactions may occur with zoledronate 
but can be mitigated with preinfusion and 
postinfusion oral hydration and acetamino-
phen. Long-term use of bisphosphonates has 
been associated with osteonecrosis of the jaw 
and atypical femur fractures. Osteonecrosis of 
the jaw is an area of exposed jaw bone that 
does not heal within 8 weeks after identifica-
tion by a health care provider.19 Atypical femur 
fractures are low-trauma subtrochanteric or 
femoral-shaft fractures with specific radio-
graphic criteria.22 In patients receiving bisphos-
phonates at doses used for postmenopausal 
osteoporosis, the estimated risks of osteone-
crosis of the jaw and atypical femur fracture are 
very low.

Denosumab
In randomized, controlled trials conducted over 
a period of 3 years, denosumab lowered the risk 
of spine, hip, and nonvertebral fractures as com-
pared with placebo.17 In long-term, open-label 
extension studies, the lower risk of fractures was 
maintained.30 Although gains in bone mineral 
density are greater with denosumab than with 
bisphosphonates, evidence for greater reduction 
of fracture risk is limited.31 Denosumab is also 
rarely associated with osteonecrosis of the jaw 
and atypical femur fracture30 and with hypocal-
cemia in patients with advanced chronic (stage 4 
or 5) kidney disease or vitamin D deficiency 
(Table 2).

Figure 1 (facing page). Diagnostic Algorithm  
for the Evaluation of Postmenopausal Osteoporosis.

The evaluation of skeletal health in postmenopausal 
women starts with a history focusing on previous frac-
tures and clinical risk factors for osteoporosis and frac-
tures. A physical examination should evaluate for signifi-
cant kyphosis and height loss, which if present should 
prompt imaging of the spine. A fragility fracture (partic-
ularly of the spine, hip, wrist, humerus, or pelvis) is di-
agnostic of osteoporosis. Women 65 years of age or 
older, regardless of other risk factors, and women younger 
than 65 years of age who have risk factors for bone loss 
or fractures should undergo dual-energy x-ray absorpti-
ometry (DXA) screening. The timing of spine imaging 
may occur before, coincident with, or after DXA. If soft-
ware is available to assess a trabecular bone score (TBS), 
the score can be obtained with a measurement of bone 
mineral density for fracture risk stratification in women 
with low bone mass (osteopenia). A T score of −2.5 or 
less is consistent with osteoporosis. T scores of −1.0 to 
−2.49 are consistent with osteopenia or low bone mass. 
The fracture risk assessment tool (FRAX) can be used 
with or without DXA and TBS to estimate a 10-year 
probability of major osteoporotic fracture (MOF) and 
hip fracture. MOF risk of 20% or more or hip fracture 
risk of 3% or more is consistent with osteoporosis in 
the absence of a fragility fracture even if the T score  
is above −2.5. DXA can be obtained in women with a 
fragility fracture and used to monitor effectiveness of 
treatment but is not necessary for diagnosis. Laboratory 
evaluation should exclude contraindications to treat-
ments. Additional laboratory evaluations and studies 
may be appropriate depending on the clinical situation; 
a complete blood count (CBC) should be performed  
to evaluate for myeloma, if results are not already avail-
able. Alternative diagnoses (e.g., drug-induced osteo-
porosis, osteomalacia, primary hyperparathyroidism, 
cancer, and chronic kidney disease–mineral and bone 
disorder [CKD-MBD]) should be considered and ad-
dressed on the basis of clinical and laboratory informa-
tion. Treatment of postmenopausal osteoporosis should 
be initiated if there are no contraindications. 25 OH vi-
tamin D denotes 25-hydroxyvitamin D, ESR erythrocyte 
sedimentation rate, PTH parathyroid hormone, SPEP 
serum protein electrophoresis, TSH thyrotropin, and 
UPEP urine protein electrophoresis.
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Although denosumab is an alternative treat-
ment option for women at high risk for fracture 
who have contraindications to bisphosphonates 
or cannot take them owing to unacceptable ad-
verse effects, there is concern about accelerated 
bone resorption and rapid bone loss after dis-
continuation of denosumab therapy. Whether 
denosumab should be used as initial therapy in 
women who are at high risk — but not at very 
high risk — for fracture who have other treat-
ment options is debated among some experts. In 
a post hoc analysis of a trial that compared 
denosumab with placebo, the incidence of verte-
bral fractures increased from 1.2 to 7.1 per 100 
participant-years after treatment with denosumab 
was discontinued, a finding similar to that ob-
served after discontinuation of placebo, but the 
incidence of multiple vertebral fractures was 
higher after discontinuing denosumab than 
after discontinuing placebo (3.4% vs. 2.2%).32 
Therefore, patients must continue denosumab 
therapy indefinitely or transition to treatment 
with bisphosphonates to maintain bone mineral 
density and prevent incident vertebral fractures.

Weekly administration of alendronate, initi-
ated 6 months after receipt of the last dose of 
denosumab, may prevent bone loss.33 The effi-
cacy of zoledronate may depend on the timing 
and frequency of administration.34 Some ex-
perts recommend administering zoledronate 6 to 
7 months after the last dose of denosumab, with 
another dose 3 to 6 months later, depending on 
bone-turnover markers.35 Administering deno-
sumab on time every 6 months is also impor-
tant. Retrospective data show that administering 
denosumab late (>16 weeks’ delay) was associ-
ated with an incidence of vertebral fractures that 
was nearly four times as high as that seen 
among patients who received denosumab doses 
on time (≤4 weeks’ delay).36

PTH Receptor Agonists
Parathyroid hormone (PTH) receptor agonists 
include teriparatide (PTH 1-34) and abalopara-
tide (PTHrP 1-34). As compared with placebo, 
treatment for 18 to 24 months with teriparatide 
or abaloparatide reduces vertebral and nonverte-
bral fracture risk.17 Neither drug has been shown 
to reduce the incidence of hip fractures, but 
studies were underpowered for this outcome.37 
Both agonists require daily injections. Antire-

sorptive therapy is indicated after PTH receptor 
agonist therapy is complete and increases bone 
mineral density further; without it, bone min-
eral density decreases within a year.38

Most guidelines limit the use of PTH receptor 
agonists to patients at very high risk for fracture 
or to patients who have unacceptable side effects 
with or are unresponsive to other therapies (Ta-
ble 3). Although both agents increase bone min-
eral density of the spine to a similar degree, an 
open-label comparison suggested greater in-
creases in bone mineral density of the hip with 
abaloparatide.39 Limited trial data indicate that 
teriparatide increases bone mineral density of 
the spine more than alendronate and decreases 
vertebral fractures more than risedronate, find-
ings that support its use in patients at very high 
risk for fractures.40,41

Because studies in rodents showed that 
teriparatide increased the incidence of osteosar-
coma, the original FDA package labeling in-
cluded a black-box warning and limited treat-
ment to 2 years. Recent data show that the 
incidence of osteosarcoma among patients who 
are treated with teriparatide is similar to the 
background incidence of the disease.42 Although 
the FDA removed the time limitations for treat-
ment with some PTH receptor agonists, limited 
safety and efficacy data exist for treatment of 
longer durations. These agents should be avoid-
ed in patients at increased risk for osteosarcoma 
(e.g., patients with Paget’s disease or skeletal 
irradiation). Longer durations or repeated cours-
es of treatment may be appropriate in patients 
whose risk of fracture remains at or returns to 
high or very high levels or who do not have a 
response to other therapies.

Romosozumab
Romosozumab, given monthly as subcutaneous 
injections, is the newest FDA-approved therapeu-
tic for postmenopausal osteoporosis. In a phase 
2 study, romosozumab increased bone mineral 
density more than teriparatide.43 In the Fracture 
Study in Postmenopausal Women with Osteopo-
rosis (FRAME), romosozumab reduced the risk 
of vertebral and clinical (composite symptomatic 
vertebral and nonvertebral) fractures at 12 months 
as compared with placebo.18 The risk of vertebral 
fracture remained lower in the romosozumab 
group after 1 year of treatment with denosumab. 
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Similar to treatment with PTH receptor agonists, 
romosozumab therapy must be followed by treat-
ment with bisphosphonates or denosumab.18 In 
another trial that investigated treatment with 
romosozumab as compared with alendronate for 
1 year, both followed by alendronate for 1 year,21 
romosozumab reduced vertebral, nonvertebral, 
and hip fractures more than alendronate. Al-
though not observed in FRAME, a higher inci-
dence of serious cardiovascular events with 
romosozumab (2.5% vs. 1.9%) led to a black-box 
warning against the use of romosozu mab within 
1 year after myocardial infarction or stroke. 
Many guidelines recommend romosozu mab as 
initial therapy only for persons at very high risk 
for fracture, with use limited to 1 year (Table 3).

Other Antiresorptive Agents
Owing to adverse effects, estrogen therapy and 
selective estrogen-receptor modulators are recom-
mended only in selected populations or circum-
stances (Table 3). Calcitonin, a weak antiresorp-
tive agent, is rarely used for postmenopausal 
osteoporosis.

Combination Treatment
Concurrent treatment with teriparatide and bi-
sphosphonates has no added benefit with respect 
to the bone mineral density of the spine and hip 
as compared with teriparatide alone.41 The com-
bination of denosumab and teriparatide increas-
es bone mineral density of the hip and spine 
more than either alone, but is not endorsed by 
guidelines or routinely covered by insurance.44

Moni t or ing

Most guidelines suggest repeating DXA 1 to 
2 years after initiating or changing therapy, but 
from there recommendations diverge.8,11,24 Non-
response, defined as a decrease in bone mineral 
density greater than the least amount of change 
that can be considered clinically significant, 
may occur in 10% or more of patients.45 No 
treatment reduces fracture risk to zero. How-
ever, the presence of decreasing bone mineral 
density or the occurrence of multiple fractures 
should prompt evaluation and consideration of 
alternative therapy. Some clinicians measure 
bone-turnover markers 3 to 6 months after ini-
tiation of antiresorptive therapy to assess adher-

ence and response. Although declines in bone-
turnover markers are associated with a reduction 
in fracture risk in large trials, this approach is 
not routinely recommended.

Areas of Uncertainty

The appropriate duration of bisphosphonate 
therapy is unclear. In extended trials of alendro-
nate (10 years) and zoledronate (6 years),46,47 
participants who were assigned to discontinue 
therapy after 5 and 3 years, respectively, had 
lower bone mineral density at the study conclu-
sion (although bone mineral density levels were 
higher than at pretreatment) and a higher inci-
dence of vertebral (but not nonvertebral) frac-
tures than participants who were assigned to 
continue treatment.46,47 Concerns regarding long-
term bisphosphonate therapy center on atypical 
femur fractures.19 Among 196,129 women, the 
incidence of atypical femur fractures decreased 
from 4.50 per 10,000 person-years among cur-
rent users of bisphosphonate to 1.81 per 10,000 
person-years at 3 to 15 months after discontinu-
ation and 0.5 per 10,000 person-years at more 
than 15 months after discontinuation.20 There-
fore, most guidelines recommend bisphospho-
nate “drug holidays” (temporary treatment 
breaks) to lower the risk of atypical femur 
fractures in women not at high risk for fracture 
after 5 years of treatment with oral bisphos-
phonate or 3 years of treatment with intrave-
nous bisphosphonate.22 Treatment up to 10 years 
(oral administration) or 6 years (intravenous 
administration) is suggested in women at high 
risk (Table 3), with periodic reevaluation of the 
risks and benefits of continued treatment.22 
Individualized decisions to resume bisphospho-
nates after a holiday should include the consid-
eration of incident fractures, decreasing bone 
mineral density, increased bone-turnover mark-
ers to pretreatment values, and returns to inter-
vention thresholds.11 Likewise, the appropriate 
duration of denosumab is unclear. The Endo-
crine Society suggests reassessing fracture risk 
after 5 to 10 years of denosumab therapy and 
continuing or switching therapy in patients 
who remain at high risk. Because the risk of 
multiple vertebral fractures after discontinua-
tion of therapy may rise as the duration of 
denosumab therapy increases, recommendations 
may evolve.48
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Limited data are available to guide the use of 
sequential pharmacologic treatment. Although 
antiresorptives are considered to be first-line 
therapy (Table 3), they blunt or delay bone min-
eral density gains in response to anabolic agents.49,50 
In patients receiving treatment with bisphospho-
nates, switching to romosozumab led to greater 
increases in bone mineral density than teripara-
tide, although data regarding fractures are lack-
ing.43,51-53 In contrast, switching patients from 
denosumab to teriparatide should be avoided ow-
ing to bone loss.51 Some experts recommend treat-
to-target approaches, in which therapy is select-
ed and modified according to the likelihood that 
it can decrease the patient’s fracture risk to an 
acceptable level (e.g., T score greater than 
−2.0).54 Appropriate thresholds are unclear and 
more data are needed to validate this approach.

Guidelines

Guidelines for diagnosis and management of 
postmenopausal osteoporosis vary with respect to 
the threshold for starting therapy and the choice 
and duration of treatment (Table 3). Our recom-
mendations are generally consistent with the 
guidelines of the Endocrine Society and the Bone 
Health and Osteoporosis Foundation (Table 3).8,23,24

Conclusions a nd 
R ecommendations

The presentation of the patient described in the 
vignette is typical of postmenopausal osteoporo-
sis in that the initial humerus fracture was not 
recognized as indicating osteoporosis, which 
was later diagnosed by the T score of −2.6 and 
prevalent vertebral fractures. History and labora-
tory testing should identify modifiable risk fac-
tors, medications, and underlying conditions 
affecting fracture risk and therapy decisions. 
The patient’s multiple fragility fractures indicate 
a very high risk of additional fractures. There-
fore, we favor therapy with anabolic agents first 
with either a PTH receptor agonist or romosoz-
umab followed by treatment with a bisphospho-
nate or denosumab. If anabolic therapy was 
declined, we would favor denosumab over 
bisphosphonates, given her severe osteoporosis 
and the greater effects of denosumab on bone 
mineral density. Despite the debated utility of 
repeat DXA, we would reevaluate clinically and 
reassess bone mineral density with DXA 1 or 
2 years after initiating therapy.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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