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IMPORTANCE Osteoporotic fractures cause significant morbidity and mortality.

OBJECTIVE To update the evidence on screening and treatment to prevent osteoporotic
fractures for the US Preventive Services Task Force.

DATA SOURCES PubMed, the Cochrane Library, EMBASE, and trial registries (November 1,
2009, through October 1, 2016) and surveillance of the literature (through March 23, 2018);
bibliographies from articles.

STUDY SELECTION Adults 40 years and older; screening cohorts without prevalent
low-trauma fractures or treatment cohorts with increased fracture risk; studies assessing
screening, bone measurement tests or clinical risk assessments, pharmacologic treatment.

DATA EXTRACTION AND SYNTHESIS Dual, independent review of titles/abstracts and full-text
articles; study quality rating; random-effects meta-analysis.

MAIN OUTCOMES AND MEASURES Incident fractures and related morbidity and mortality,
diagnostic and predictive accuracy, harms of screening or treatment.

RESULTS One hundred sixty-eight fair- or good-quality articles were included. One
randomized clinical trial (RCT) (n = 12 483) comparing screening with no screening reported
fewer hip fractures (2.6% vs 3.5%; hazard ratio [HR], 0.72 [95% CI, 0.59-0.89]) but no other
statistically significant benefits or harms. The accuracy of bone measurement tests to identify
osteoporosis varied (area under the curve [AUC], 0.32-0.89). The pooled accuracy of clinical
risk assessments for identifying osteoporosis ranged from AUC of 0.65 to 0.76 in women and
from 0.76 to 0.80 in men; the accuracy for predicting fractures was similar. For women,
bisphosphonates, parathyroid hormone, raloxifene, and denosumab were associated with a
lower risk of vertebral fractures (9 trials [n = 23 690]; relative risks [RRs] from 0.32-0.64).
Bisphosphonates (8 RCTs [n = 16 438]; pooled RR, 0.84 [95% CI, 0.76-0.92]) and
denosumab (1 RCT [n = 7868]; RR, 0.80 [95% CI, 0.67-0.95]) were associated with a lower
risk of nonvertebral fractures. Denosumab reduced the risk of hip fracture (1 RCT [n = 7868];
RR, 0.60 [95% CI, 0.37-0.97]), but bisphosphonates did not have a statistically significant
association (3 RCTs [n = 8988]; pooled RR, 0.70 [95% CI, 0.44-1.11]). Evidence was limited for
men: zoledronic acid reduced the risk of radiographic vertebral fractures (1 RCT [n = 1199];
RR, 0.33 [95% CI, 0.16-0.70]); no studies demonstrated reductions in clinical or hip fractures.
Bisphosphonates were not consistently associated with reported harms other than deep vein
thrombosis (raloxifene vs placebo; 3 RCTs [n = 5839]; RR, 2.14 [95% CI, 0.99-4.66]).

CONCLUSIONS AND RELEVANCE In women, screening to prevent osteoporotic fractures may
reduce hip fractures, and treatment reduced the risk of vertebral and nonvertebral fractures;
there was not consistent evidence of treatment harms. The accuracy of bone measurement
tests or clinical risk assessments for identifying osteoporosis or predicting fractures varied
from very poor to good.
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S creening to prevent osteoporotic fractures may reduce frac-
ture-related morbidity and mortality.1-4 Screening involves
clinical fracture risk assessment, bone measurement test-

ing (eg, dual-energy x-ray absorptiometry [DXA]), or both. Pharma-
cologic treatments for osteoporosis inhibit osteoclastic bone re-
sorption (antiresorptive agents) or stimulate osteoblastic new bone
formation (anabolic agents).5

In 2011, the US Preventive Services Task Force (USPSTF) rec-
ommended screening for osteoporosis in women 65 years and older
and in younger women whose fracture risk is equal to or greater than
that of a 65-year-old white woman who has no additional risk fac-
tors (B recommendation).6 The USPSTF concluded that the evi-
dence was insufficient to assess the balance of benefits and harms
of screening in men.6 To inform an updated recommendation, the
evidence about the benefits and harms of screening and treatment
to prevent osteoporotic fractures in community-dwelling adults rel-
evant to US primary care was reviewed.

Methods
Scope of the Review
Detai led methods, cal ibration and reclassif ication out-
comes, evidence tables, sensitivity analyses, and contextual
information are available in the full evidence report at https://
www.uspreventiveservicestaskforce.org /Page/Document
/UpdateSummaryFinal/osteoporosis-screening1. The analytic
framework and key questions (KQs) that guided the review are
shown in Figure 1.

Data Sources and Searches
PubMed, the Cochrane Library, and Embase were searched for
English-language articles published from November 1, 2009,
through October 1, 2016, with active surveillance through March
23, 2018. ClinicalTrials.gov, Drugs@FDA.gov, HSRProj, Cochrane
Clinical Trials Registry, and the World Health Organization Interna-
tional Clinical Trials Registry Platform were also searched. To
supplement systematic electronic searches (eMethods 1 in the
Supplement), studies included in relevant existing systematic
reviews1,8,9 and reference lists of pertinent articles, and studies
suggested by reviewers, were reviewed.

Study Selection
Two investigators independently reviewed titles, abstracts, and full-
text articles using prespecified inclusion criteria for each KQ (eTable
1 in the Supplement), with disagreements about inclusion resolved
by discussion. For KQ1, KQ2, and KQ3 (benefits and harms of screen-
ing), studies for which the majority of participants were community-
dwelling adults with no known low-trauma fractures or metabolic
bone disease were included. For KQ4 and KQ5 (benefits and harms
of treatment), studies were included if the majority of participants
had an increased fracture risk.

Eligible screening tests included bone tests (eg, DXA, quantita-
tive ultrasound) and clinical risk assessments for osteoporosis or
fracture risk if externally validated and publicly available. Eligible
treatments included US Food and Drug Administration (FDA)–
approved pharmacotherapy (specifically, bisphosphonates, estro-
gen agonists/antagonists, estrogen- and/or progestin-based

hormone therapy, parathyroid hormone , and RANK ligand inhibi-
tors [eg, denosumab]). Eligible outcomes included diagnostic or
predictive accuracy (as measured by area under the curve [AUC]),
incident fractures, fracture-related morbidity or mortality, all-cause
mortality, and harms.

Randomized clinical trials (RCTs) and systematic reviews were
eligible for all KQs; observational study designs were also eligible for
accuracy of screening (KQ2) and harms of screening and treatment
(KQ3 and KQ5). Only studies published in English and conducted in
countries categorized as “very high” by the 2015 Human Develop-
ment Index were included.10

Data Extraction and Quality Assessment
For each included study, 1 investigator extracted information about
design, population, intervention, and outcomes, and a second in-
vestigator reviewed for completeness and accuracy. Two indepen-
dent investigators assessed the quality of each study as good, fair,
or poor, using predefined criteria developed by the USPSTF
(eMethods 2 in the Supplement)7 and others for assessing the risk
of bias of diagnostic tests,11 prognostic tests,12 trials,13 observa-
tional studies,14 and systematic reviews.11,15 Individual study qual-
ity ratings are provided in eTables 2 through 59 in the Supplement.

Data Synthesis and Analysis
Findings were qualitatively synthesized for each KQ in tabular and
narrative formats. Studies were included if they met all study selec-
tion criteria and were fair or good quality; this included studies from
the prior review that informed the USPSTF 2011 recommendation
that continued to meet the study selection criteria for this update.
When at least 3 independent and similar RCTs were available,16

random-effects models using the inverse-variance weighted
method of DerSimonian and Laird was used to estimate pooled
effects for pooled AUCs or relative risks.17 Statistical heterogeneity
was assessed using the I2 statistic.13 All quantitative analyses were
conducted using OpenMetaAnalyst or Comprehensive Meta
Analysis.18,19 The strength of evidence for each outcome was
assessed based on the Agency for Healthcare Quality and Research
Methods Guide for Effectiveness and Comparative Effectiveness
Reviews,20 which specifies the assessment of study limitations,
directness, consistency, precision, and reporting bias for each inter-
vention comparison and major outcome of interest.

Results
A total of 168 articles of good or fair quality were included (Figure 2).
Several cohorts of study participants contributed to multiple pub-
lications; as a result, the total number of participants cannot be cal-
culated accurately.

Benefits of Screening
Key Question 1. Does screening (clinical risk assessment, bone den-
sity measurement, or both) for osteoporotic fracture risk reduce frac-
tures and fracture-related morbidity and mortality in adults?

The Screening for Osteoporosis in Older Women for the
Prevention of Fracture (SCOOP) trial randomized 12 483 women
aged 70 to 85 years in the United Kingdom to screening with the
Fracture Risk Assessment Tool (FRAX) or usual care (details not
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reported).21 In this fair-quality trial, participants in the intervention
group who were identified as high risk based on FRAX-generated 10-
year hip fracture risk were invited to undergo DXA testing. The in-
vestigators recalculated the FRAX risk for those who undertook DXA
screening and communicated the results to the participant’s gen-
eral practitioner, who then offered treatment as appropriate.21

At 5 years’ follow-up, comparing the intervention group with usual
care, no difference was reported for the primary outcome of any os-
teoporotic fracture (12.9% vs 13.6%; hazard ratio [HR], 0.94 [95% CI,
0.85-1.03]), for all clinical fractures (15.3% vs 16.0%; HR, 0.94 [95%
CI, 0.86-1.03]), or for mortality (8.8% vs 8.4%; HR, 1.05 [95% CI, 0.93-
1.19]). However, a statistically significant difference in hip fracture in-
cidence was observed (2.6% vs 3.5%; HR, 0.72 [95% CI, 0.59-0.89]).

Diagnostic and Predictive Accuracy of Screening
Key Question 2a. What is the accuracy and reliability of screening
approaches to identify adults who are at increased risk for osteo-
porotic fracture?

Studies of tests to identify osteoporosis (as defined by bone min-
eral density [BMD] T-score �−2.5), predict osteoporotic fracture, or
both, were included. The results below focus primarily on pooled re-
sults; nonpooled results are available in the full evidence report.

Identifying Osteoporosis
Clinical Risk Assessments
Thirty-eight studies reported on the diagnostic accuracy of 16 clini-
cal risk assessment instruments for identifying osteoporosis (eTable

Figure 1. Analytic Framework and Key Questions: Screening to Prevent Osteoporotic Fractures
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1 Does screening (clinical risk assessment, bone density measurement, or both) for osteoporotic fracture risk reduce fractures and fracture-related

morbidity and mortality in adults?

5 What are the harms associated with pharmacotherapy?

3 What are the harms of screening for osteoporotic fracture risk?

2 a. What is the accuracy and reliability of screening approaches to identify adults who are at increased risk of osteoporotic fracture?

b. What is the evidence to determine screening intervals and how do these vary by baseline fracture risk?

4 a. What is the effectiveness of pharmacotherapy for the reduction of fractures and related morbidity and mortality?

b. How does the effectiveness of pharmacotherapy for the reduction of fractures and related morbidity and mortality vary by subgroup, specifically

in postmenopausal women, premenopausal women, men, younger age groups (<65 y), older age groups (≥65 y), baseline bone mineral density,

and baseline fracture risk?

Screening

2

Evidence reviews for the US Preventive Services Task Force (USPSTF) use an
analytic framework to visually display the key questions that the review will
address to allow the USPSTF to evaluate the effectiveness and safety of a
preventive service. The questions are depicted by linkages that relate to

interventions and outcomes. A dashed line is used to reflect the natural
progression of disease between an intermediate outcome and a health
outcome. Further details are available from the USPSTF procedure manual.7
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60, eFigures 1-7 in the Supplement). In women, pooled AUC esti-
mates ranged from 0.65 (95% CI, 0.60-0.71; I2 = 97.8%; 10 studies
[16 780 participants]) for the Osteoporosis Risk Assessment Instru-
ment [ORAI] to 0.76 (95% CI, 0.63-0.90; I2 = 98.5%; 4 studies [2692

participants]) for the Osteoporosis Self-Assessment Tool for Asians.
AUCs from individual studies have a wider range in women
(0.3222-0.8723) than in men (0.6224-0.8925). In men, the pooled AUC
for the Osteoporosis Self-assessment Tool (OST) was 0.76 (95% CI,

Figure 2. Literature Search Flow Diagram: Screening to Prevent Osteoporotic Fractures
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FDA indicates US Food and Drug Administration; HDI, Human Development
Index; KQ, key question.
a Including hand search of Nelson et al,1 2010 Evidence Report,2 Crandall et al,9

and Marques et al.8

b Because of overlap in studies across populations and results sections, only
article counts are reported. Citation counts by KQ are not unique; studies may
contribute to multiple KQs.

c Not included in individual study counts at the bottom level of the diagram.
d KQ1 and KQ3: 1 study (1 article).
e KQ2a: Accuracy of clinical risk assessment tools for identifying osteoporosis,

38 studies (41 articles); accuracy of bone measurement tests used to identify
low bone mass and osteoporosis, 11 studies (11 articles); accuracy of fracture
risk prediction instruments, 5 systematic reviews supplemented by 13 studies;
accuracy of bone measurement tests used to predict fracture, 23 studies

(24 articles); calibration of fracture risk prediction instruments, 14 studies
(14 articles); reclassification risk, 10 studies (10 articles).

f KQ2b: 2 studies (2 articles).
g KQ4a: Alendronate, 7 studies (7 articles); zolendronic acid, 2 studies

(2 articles); risedronate, 4 studies (4 articles); etidronate, 2 studies (2 articles);
ibandronate, 0 studies; raloxifine, 1 study (2 articles); estrogen, 0 studies;
denosumab, 4 studies (5 articles); parathyroid hormone, 2 studies (2 articles).
KQ4b: 4 studies (5 articles).

h Alendronate, 16 studies (16 articles); zolendronic acid, 4 studies (4 articles);
risedronate, 6 studies (6 articles); etidronate, 2 studies (2 articles);
ibandronate, 7 studies (7 articles); raloxifine, 6 studies (12 articles); estrogen,
0 studies; denosumab, 4 studies (5 articles); parathyroid hormone, 2 studies
(2 articles).
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0.71-0.80; I2 = 93.2%; 7 studies [7798 participants]); for the Male
Osteoporosis Risk Estimation Score, the pooled AUC was 0.80 (95%
CI, 0.71-0.88; I2 = 97.6%; 3 studies [4828 participants]). AUCs for
FRAX could not be pooled but ranged from 0.5826 to 0.82.26

AUCs in younger women (<65 years) varied from 0.5826 to 0.85.27

One study found the accuracy of using the FRAX threshold associated
with the 2011 USPSTF recommendation (10-year risk of major osteo-
porotic fracture�9.3%) was modestly better than chance (AUC, 0.60)
and inferior to accuracy using the OST (AUC, 0.72) and Simple Calcu-
lated Osteoporosis Risk Estimation (AUC, 0.75) instruments in iden-
tifying women aged 50 to 64 years with osteoporosis (femoral neck
T-score �−2.5).28 Instruments that assess more clinical risks did not
report higher AUCs than instruments measuring fewer risks.

Thirty-five studies reported other measures of diagnostic ac-
curacy (ie, sensitivity, specificity), but the instrument score thresh-
old used to assess diagnostic accuracy varied considerably across
studies. eTable 60 in the Supplement presents sensitivity and speci-
ficity estimates for the most commonly reported threshold. Even
with a common threshold, results for the same instrument varied
widely; as an example, the sensitivity of the ORAI instrument ranged
from 50%29 to 100%30 and specificity from 10%30 to 75%.29

Bone Measurement Tests
Seven studies in women and 3 studies in men compared calcaneal
quantitative ultrasound to centrally measured DXA for identifying
osteoporosis. Reported AUCs varied from 0.69 to 0.90 (eTable 61
in the Supplement). For women, the pooled AUC estimate was 0.77
(95% CI, 0.72-0.81; I2 = 82.3%; 7 studies [1969 participants]; eFig-
ure 8 in the Supplement). For men, the pooled AUC estimate was
0.80 (95% CI, 0.67-0.94; I2 = 98.2%; 3 studies [5142 partici-
pants]) (eFigure 9 in the Supplement). Similar findings were ob-
served for digital x-ray radiogrammetry, peripheral DXA, and radio-
graphic absorptiometry were observed.

Predicting Osteoporotic Fractures
Clinical Risk Assessments
One good-quality systematic review of 45 studies supplemented by
13 additional fair- or good-quality studies reported on the accuracy
of 12 different clinical risk assessments for predicting incident frac-
ture (Table 1). Pooled results are reported herein.

FRAX | The discriminative ability of FRAX for predicting future fracture
varied by sex, site of fracture prediction, and whether BMD was used
in the risk prediction. For women, pooled estimates based on 10 to 17
studieswith62 054and190 795participantsrangedsomewhathigher
(0.66-0.79) (eFigures 14-17 in the Supplement). In men, pooled esti-
mates of AUC from 3 to 44 studies (13 970-15 842 participants) ranged
from 0.62 to 0.76 (depending on inclusion of BMD in the prediction
model) (eFigures 10-13 in the Supplement). Within that range, pooled
estimates were higher for predicting hip fracture than for major osteo-
porotic fracture and higher when BMD was included in the prediction
model. For cohorts of men and women combined, pooled estimates
for the prediction of major osteoporotic fracture based on 3 studies
(66 777 participants) were similar (AUC without BMD, 0.67 [95% CI,
0.66-0.67; I2 = 47.1%]; AUC with BMD, 0.69 [95% CI, 0.69-070;
I2 = 70.3%]) (eFigures 18 and 19 in the Supplement). Two studies pre-
dicting hip fracture in combined cohorts of men and women reported
similar AUC estimates as women-only cohorts.54,55

Garvan Fracture Risk Calculator | In women, the pooled AUC for risk
assessment with BMD was 0.68 (95% CI, 0.64-0.71; I2 = 84.8%; 3
studies [6534 participants]) for predicting major osteoporotic frac-
ture (eFigure 20 in the Supplement) and 0.73 (95% CI, 0.66-0.79;
I2 = 97.3%; 4 studies [7809 participants]) for predicting hip frac-
ture (eFigure 21 in the Supplement).

Other Fracture Risk Assessment Instruments | Across 9 fracture risk
assessment instruments (the Women’s Health Initiative algorithm,63

OST,65 Simple Calculated Osteoporosis Risk Estimation,67 Fracture
and Immobilization Score,68 Fracture Risk Score,70 Fracture Risk
Calculator,71 ORAI,74 QFracture,60 and Osteoporosis Index of Risk),75

AUC estimates ranged from 0.53 to 0.82 for major osteoporotic
fracture8,36,46,47,66 and from 0.80 to 0.89 for hip fracture.8,63,64,73

A tenth instrument, the Canadian Association of Radiologists and Os-
teoporosis Canada, did not provide AUC estimates76 but reported
a sensitivity for predicting fracture of 0.54 (95% CI, 0.52-0.56)
among women and 0.31 (95% CI, 0.24-0.38) among men.77 The re-
ported specificities were 0.75 (95% CI, 0.74-0.75) for women and
0.86 (0.85-0.87) for men.

Bone Measurement Tests
Twenty-three studies evaluated the accuracy of various bone mea-
surement tests for predicting fracture (Table 2). In general, no mean-
ingful differences in accuracy by type of bone test or by sex were
observed. AUC estimates were generally higher for prediction of hip
fracture than for prediction of fractures at other sites.
Key Question 2b. What is the evidence to determine screening in-
tervals for osteoporosis and low bone density?

Two studies included participants with widely varying base-
line BMD. Both suggest no advantage to repeated bone measure-
ment testing (at 8 years86 and 3.7 years87 apart) (eTable 62 in the
Supplement).87 However, 3 studies that developed prognostic mod-
els suggested that the optimal screening interval varies by baseline
BMD.88-90 Age and use of hormone replacement therapy also in-
fluence optimal screening intervals.88,89

Harms of Screening
Key Question 3. What are the harms of screening for osteoporotic
fracture risk?

One trial, SCOOP (previously described in KQ1),21 assessed the
effect of screening on anxiety (State-Trait Anxiety Inventory) and
quality of life (EuroQol 5-Dimension tool and the Short-Form Health
Survey 12 [physical and mental health]) and found no differences be-
tween participants allocated to screening vs usual care (variance not
reported, P > .10 for all outcomes).

Benefits of Treatment
Key Question 4a. What is the effectiveness of pharmacotherapy for
the reduction of fractures and related morbidity and mortality?

Bisphosphonates
Eleven RCTs reported outcomes related to the effect of various bis-
phosphonates on fracture indicence.91-101

Vertebral Fracture
Among women, bisphosphonates (as a class) were associated with
fewer vertebral fractures compared with placebo (2.1% vs 3.8%;
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relative risk [RR], 0.57 [95% CI, 0.41-0.78]; I2 = 0.0%; 5 RCTs [5433
participants];) (eFigure 22 in the Supplement).91-95

One RCT in 1199 men reported fewer radiographic vertebral frac-
tures for zoledronic acid compared with placebo (1.5% vs 4.6%; RR,
0.33 [95% CI, 0.16-0.70]).101

Nonvertebral Fracture
Among women, a pooled analysis of RCTs reporting nonvertebral
fractures observed an association with fewer fractures in the treat-
ment group compared with placebo (8.9% vs 10.6%; RR, 0.84 [95%
CI, 0.76-0.92]; I2 = 0.0%; 8 RCTs [16 438 participants]) (eFigure 23
in the Supplement).91,93-95,99,100,102

The same trial of zoledronic acid in men previously described
for vertebral fractures also reported on nonvertebral fractures; no
between-group differences in incidence were observed (0.9% vs
1.3%; RR, 0.65 [95% CI, 0.21-1.97]).101

Hip Fractures
Among women, the pooled estimate suggested no statistically sig-
nificant association between treatment with bisphosphonates and
incidence of hip fracture (0.70% vs 0.96%; RR, 0.70 [95% CI, 0.44-
1.11]; I2 = 0.0%; 3 RCTs [n = 8988]) (eFigure 24 in the Supple-
ment). Only 191 of the 3 studies91,102,103 was powered to detect dif-
ferences in hip fractures.

No studies reported on hip fractures in men.

Raloxifene
Raloxifene (60 mg/d) reduced radiographic vertebral fracture (7.5% vs
12.5%; RR, 0.64 [95% CI, 0.53-0.76]) compared with placebo in 1 RCT
of7705women.104,105Treatmentwithraloxifene(60mg/dor120mg/d)
did not have an effect on incidence of nonvertebral or hip fracture.

Estrogen
A recently completed systematic review on the benefits and harms
of estrogen therapy, with and without progestin, in primary care
populations incorporated information from the Women’s Health Ini-
tiative and other similar trials.106 Women taking only estrogen had
lower risks for total osteoporotic fractures (HR, 0.72 [95% CI, 0.64-
0.80]) compared with women taking placebo. Women taking es-
trogen plus progestin therapy also had lower risks for fractures (RR,
0.80 [95% CI, 0.68-0.94]) compared with women taking placebo.

Denosumab
One large study107 (7868 women) demonstrated a statistically sig-
nificant difference between denosumab and placebo in incident ver-
tebral fractures (2.3% vs 7.2%; RR, 0.32 [95% CI, 0.26-0.41]), non-
vertebral fractures (6.1% vs 7.5%; RR, 0.80 [95% CI, 0.67-0.95]), and
hip fractures (0.7% vs 1.1%; RR, 0.60 [95% CI, 0.37-0.97]). Three
smaller RCTs of denosumab reported no effect of treatment on in-
cident clinical, osteoporotic, or vertebral fractures.

Parathyroid Hormone
Vertebral Fractures
Among 2061 women without a prevalent fracture at baseline, para-
thyroid hormone produced a significant (0.7% vs 2.1%; RR, 0.32 [95%
CI, 0.14-0.75]) reduction in new radiographic vertebral fractures com-
pared with placebo.108 No studies met the inclusion criteria to as-
sess the effects of teriparatide on vertebral fractures in men.

Nonvertebral Fractures
In an RCT of 2532 women with and without prevalent fractures at
baseline,108 no significant difference in new nonvertebral frac-
tures was observed between treatment and placebo (5.6% vs 5.8%;
RR, 0.97 [95% CI, 0.71-1.33]).

One trial of men reported a reduction in nonvertebral frac-
tures in both treatment groups of teriparatide (doses of 20 μg [the
FDA-approved dose] [n = 151 men] or 40 μg [n = 139 men] com-
pared with placebo [n = 147 men]),109 although the results did not
reach statistical significance because of a small number of frac-
tures and early termination of the study for safety concerns (20 μg
vs placebo: 1.3% vs 2.0%; RR, 0.65 [95% CI, 0.11-3.83]; 40 μg vs pla-
cebo: 0.7% vs 2.0%; RR, 0.35 [95% CI, 0.04-3.35]).
Key Question 4b. How does the effectiveness of pharmaco-
therapy for the reduction of fractures and related morbidity and mor-
tality vary by subgroup?

One trial each offered further analyses on subgroups for
alendronate,91 risedronate,103 raloxifene,110 and denosumab.111,112

None reported differences in effectiveness by age, baseline BMD,
prior fractures, or a combination of risk factors.

Harms of Treatment
Key Question 5. Whataretheharmsassociatedwithpharmacotherapy?

Bisphosphonates
When comparing medication with placebo, there was no signifi-
cant association between use of bisphosphonates and discontinu-
ation (RR, 0.99 [95% CI, 0.91-1.07]; I2 = 0.0%; 20 RCTs [17 369 par-
ticipants]) (eFigure 25 in the Supplement), serious adverse events
(RR, 0.98 [95% CI, 0.92-1.04]; I2 = 0.0%; 17 RCTs [11 745 partici-
pants]) (eFigure 26 in the Supplement), or upper gastrointestinal
events (RR, 1.01 [95% CI, 0.98-1.05]; I2 = 0.0%; 13 RCTs [20 485 par-
ticipants]) (eFigure 27 in the Supplement) for any individual bis-
phosphonate drug or overall as a class.

Two studies did not report a statistically significant risk of atrial
fibrillation with bisphosphonates compared with placebo. One study
was in women (alendronate: 2.5% vs 2.2%; RR, 1.14 [95% CI,
0.83-1.56]),113 and 1 study was in men (zoledronic acid: 1.2% vs 0.8%;
RR, 1.45 [95% CI, 0.46-4.56]).101 Two studies of women reported
no cases of atrial fibrillation.114,115 A case-control study using a Dan-
ish registry reported a relative risk of atrial fibrillation of 0.75 (95%
CI, 0.49-1.16; 3.2% vs 2.9%) for new users of bisphosphonates.116

Rare outcomes were not generally observed in the included evi-
dence. Specifically, 3 studies (1 in men and 2 in women) reported that
they found no cases of osteonecrosis of the jaw.101,114,115 No studies
included in the review reported atypical femur fracture outcomes
or kidney failure.

Raloxifene
Pooled estimates of women followed up from 1 to 4 years and ran-
domized to raloxifene or placebo found no significant association
between raloxifene use and discontinuation of treatment because
of adverse events (12.6% vs 11.2%; RR, 1.12 [95% CI, 0.98-1.28];
I2 = 0.0%; 6 RCTs [6438 participants]) (eFigure 28 in the Supple-
ment). The pooled analysis suggested a possible association
between raloxifene use and deep vein thromboses (0.7% vs 0.3%;
RR, 2.14 [95% CI, 0.99-4.66]; I2 = 0.0%; 3 RCTs [5839 partici-
pants]) (eFigure 29 in the Supplement), an association between use
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and hot flashes (11.2% vs 7.6%; RR, 1.42 [95% CI, 1.22-1.66];
I2 = 0.0%; 5 RCTs [n = 6249 participants]) (eFigure 30 in the Supple-
ment), but no association between use and leg cramps (8.0% vs
4.8%; RR, 1.41 [95% CI, 0.92-2.14]; I2 = 67.1%; 3 RCTs [n = 6000])
(eFigure 31 in the Supplement). No significant association between
raloxifene and coronary heart disease (1.0% vs 1.1%; HR, 0.88 [95%
CI, 0.56-1.40]),117 stroke (0.9% vs 1.2%; RR, 0.69 [95% CI,
0.40-1.18]),118 or endometrial cancer (0.2% vs 0.2%; RR, 1.01 [95%
CI, 0.29-3.48])119 was observed.

Estrogen
A recently completed review on the benefits and harms of estrogen
therapy, with and without progestin, in primary care populations found
that compared with women receiving placebo, women receiving es-
trogen with or without progesterone experienced a higher rate of gall-
bladder events, stroke, and venous thromboembolism over 5-year
follow-up106 and an increased risk of urinary incontinence during
follow-up of 1 year. In addition, women receiving estrogen plus pro-
gestin, compared with women receiving placebo, were found to have
a higher risk of invasive breast cancer, coronary heart disease, and
probable dementia over 5-year follow-up.

Denosumab
Pooled estimates suggested no significant association between de-
nosumab use and discontinuation because of adverse events (2.4%
vs 2.1%; RR, 1.14 [95% CI, 0.85-1.52]; I2 = 0.0%; 3 RCTs [8451 par-
ticipants]) (eFigure 32 in the Supplement) or serious adverse events
(23.8% vs 23.9%; RR, 1.12 [95% CI, 0.88-1.44]; I2 = 14.1%; 4 RCTs
[8663 participants]) (eFigure 33 in the Supplement). Although treat-
ment groups had higher rates of serious infections than placebo
groups, confidence intervals for the pooled estimate spanned the
null effect (4.0% vs 3.3%; RR, 1.89 [95% CI, 0.61-5.91]; I2 = 40.1%)
(eFigure 34 in the Supplement).

Parathyroid Hormone
Among2532postmenopausalwomenin1study,108thetreatmentgroup
had higher rates of discontinuation because of adverse events when
compared with the placebo group (30.2% vs 24.6%; RR, 1.22 [95% CI,
1.08-1.40]). Hypercalcemia, hypercalciuria, nausea, and vomiting were
more common in the treatment group compared with placebo.

In 1 RCT among 437 men,109 both the 20-μg and 40-μg treat-
ment groups had a higher proportion of withdrawals than the pla-
cebo group (9.2% and 12.9%, respectively, vs 4.8%), which was sta-
tistically significantly higher in the 40-μg treatment group than in
the placebo group (RR, 2.72 [95% CI, 1.17-6.31]) but not in the group
receiving the FDA-approved dose of 20 μg (RR, 1.94 [95% CI, 0.81-
4.69]). Cancers were reported in 2 groups (3/147 in the placebo group
and 3/151 in the 20-μg treatment group), but none were reported
as osteosarcomas.

Discussion
Table 3 and Table 4 summarize the strength of evidence and find-
ings from this review. This updated review for the UPSPTF incorpo-
rates new evidence on the direct link between screening for osteo-
porosis and health outcomes. One trial (SCOOP) addressed the
morbidity, mortality, and harms associated with screening to pre-

vent osteoporotic fractures (KQ1, KQ3). The trial found evidence of
benefit for a secondary outcome only, the incidence of hip fractures
(low strength of evidence of benefit). For all other outcomes (osteo-
porosis-related fractures, clinical fractures, mortality, anxiety, qual-
ity of life; insufficient strength of evidence), the trial did not report sta-
tistically significant differences in benefits or harms. The release of
guidelines during trial recruitment122 and observation123 may have
changed standards for usual care; differences between study groups
may have been attenuated as a result. The use of the 10-year risk of
hip fracture rather than the risk of major osteoporotic fracture as the
threshold for DXA testing may have increased the likelihood of effec-
tiveness for preventing hip rather than other fractures (given that risks
of hip and other fractures are correlated but not identical21). The dis-
crepancy in results between the hip fracture outcomes and other frac-
tures points to the need for caution in interpreting the results.

Although results from studies of accuracy of bone measure-
ment tests or clinical risk assessments for identifying osteoporosis or
predicting fractures vary, in general they report no more than mod-
erate accuracy (KQ2), and this evidence was graded as low to mod-
erate. On average, clinical risk assessment tools to identify osteopo-
rosis performed better in men than in women. FRAX performed only
better than chance in younger women. Predictions of hip fractures
were more accurate than prediction of fractures at other sites or com-
posite fracture outcomes. Sixteen clinical risk assessment tools for the
identification of osteoporosis were found, and although these instru-
ments had many risk variables in common (eg, age, weight, hor-
mone therapy use), there was considerable heterogeneity in the pa-
tient populations studied and the anatomical sites used to measure
bone density. The evidence for clinical risk assessments varies in the
incorporation of BMD and number of risks. In general, tools incorpo-
rating BMD had higher accuracy than tools without BMD. The accu-
racy of tools with more clinical variables was similar to the accuracy
of tools with fewer risk factors, suggesting that future research could
focus on simpler instruments that can be easily incorporated into clini-
cal practice. Future study into the optimal thresholds to trigger fur-
ther diagnostic evaluation (eg, DXA testing) or to begin treatment is
also critical, because valid and reliable cutoffs for high and low risk cat-
egories are necessary for clinical decision making.

Pharmacotherapy treatment studies in women show that mul-
tiple classes of medications (bisphosphonates, parathyroid hor-
mone, raloxifene, and denosumab) reduce the risk of vertebral and
nonvertebral fractures (KQ4); this evidence was graded as low to
moderate for reducing fractures. Two of 3 studies of bisphospho-
nates that reported hip fractures were not powered to detect ef-
fects on hip fractures; the pooled evidence did not demonstrate a
statistically significant benefit. Evidence for benefit in men is lim-
ited to 1 trial of a bisphosphonate, which demonstrated a large re-
duction in radiographic vertebral fractures. No studies demon-
strated reductions in risk of clinical vertebral fractures or nonvertebral
fractures for men. No studies reporting on hip fractures, fracture-
related morbidity, or mortality were identified.

Although several trials reported on harms (KQ5), they varied sub-
stantially in definitions used. No consistent evidence of harms with
bisphosphonates (strength of evidence graded as moderate) was
identified and no bisphosphonate trials reported rare harms, such
as osteonecrosis of the jaw, atypical femur fractures, or kidney fail-
ure. The evidence on harms in men was very limited but was con-
sistent with harms for women when available.
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Limitations
This review has several limitations. First, it focused on treatment
with prescription medications only; it does not address other
interventions that might reduce the risk of osteoporotic fractures,
such as functional assessment, safety evaluations, vision exami-
nations, exercise or physical therapy, vitamin supplementation,
and diet interventions. Further, this review did not consider com-
parative effectiveness of pharmacologic treatment.

Second, treatment studies included in this review relied
on BMD T-scores to enroll participants into trials. Risk factors
beyond bone density, such as microarchitectural deterioration
of bone tissue and decline in bone quality, contribute to os-
teoporotic fractures: therefore, approaches that rely on BMD
measurement wholly or in part may not be the most accurate
approaches for identifying patients at highest risk for osteopo-
rotic fractures.

Third, included studies on diagnosing osteoporosis or pre-
dicting fractures are heterogeneous with respect to prevalence

of baseline fractures, baseline BMD, prior treatment, and length
of study follow-up (which was sometimes shorter than the time
horizon of the risk prediction instrument); most meta-analyses
demonstrated high statistical heterogeneity (I2 > 80%), suggest-
ing that the variance can be explained by heterogeneity rather
than chance. Fourth, the evidence base is sparse on screening
interval, screening in men and premenopausal women, and long-
term studies on the harms of screening and treatment.

Conclusions
In women, screening to prevent osteoporotic fractures may
reduce hip fractures, and treatment reduced the risk of vertebral
and nonvertebral fractures; there was not consistent evidence of
treatment harms. The accuracy of bone measurement tests or
clinical risk assessments for identifying osteoporosis or predicting
fractures varied from very poor to good.
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