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IMPORTANCE The best approach to identify younger postmenopausal women for
osteoporosis screening is uncertain. The Fracture Risk Assessment Tool (FRAX), which
includes self-identified racial and ethnic information, and the Osteoporosis Self-assessment
Tool (OST), which does not, are risk assessment tools recommended by US Preventive
Services Task Force guidelines to identify candidates for bone mineral density (BMD) testing
in this age group.

OBJECTIVE To compare the ability of FRAX vs OST to discriminate between younger
postmenopausal women who do and do not experience incident fracture during a 10-year
follow-up in the 4 racial and ethnic groups specified by FRAX.

DESIGN, SETTING, AND PARTICIPANTS This cohort study of Women’s Health Initiative
participants included 67 169 women (baseline age range, 50-64 years) with 10 years of
follow-up for major osteoporotic fracture (MOF; including hip, clinical spine, forearm, and
shoulder fracture) at 40 US clinical centers. Data were collected from October 1993 to
December 2008 and analyzed between May 11, 2022, and February 23, 2023.

MAIN OUTCOMES AND MEASURES Incident MOF and BMD (in a subset of 4607 women) were
assessed. The area under the receiver operating characteristic curve (AUC) for FRAX (without
BMD information) and OST was calculated within each racial and ethnic category.

RESULTS Among the 67 169 participants, mean (SD) age at baseline was 57.8 (4.1) years.
A total of 1486 (2.2%) self-identified as Asian, 5927 (8.8%) as Black, 2545 (3.8%) as Hispanic,
and 57 211 (85.2%) as White. During follow-up, 5594 women experienced MOF. For
discrimination of MOF, AUC values for FRAX were 0.65 (95% CI, 0.58-0.71) for Asian, 0.55
(95% CI, 0.52-0.59) for Black, 0.61 (95% CI, 0.56-0.65) for Hispanic, and 0.59 (95% CI,
0.58-0.59) for White women. The AUC values for OST were 0.62 (95% CI, 0.56-0.69) for
Asian, 0.53 (95% CI, 0.50-0.57) for Black, 0.58 (95% CI, 0.54-0.62) for Hispanic, and 0.55
(95% CI, 0.54-0.56) for White women. For discrimination of femoral neck osteoporosis, AUC
values were excellent for OST (range, 0.79 [95% CI, 0.65-0.93] to 0.85 [95% CI, 0.74-0.96]),
higher for OST than FRAX (range, 0.72 [95% CI, 0.68-0.75] to 0.74 [95% CI, 0.60-0.88]), and
similar in each of the 4 racial and ethnic groups.

CONCLUSIONS AND RELEVANCE These findings suggest that within each racial and ethnic
category, the US FRAX and OST have suboptimal performance in discrimination of MOF in
younger postmenopausal women. In contrast, for identifying osteoporosis, OST was
excellent. The US version of FRAX should not be routinely used to make screening decisions
in younger postmenopausal women. Future investigations should improve existing tools or
create new approaches to osteoporosis risk assessment for this age group.
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R outine screening for osteoporosis is recommended
for women 65 years or older.1 However, for postmeno-
pausal women younger than 65 years, the US Preven-

tive Services Task Force (USPSTF) recommends the use of a for-
mal osteoporosis risk assessment tool to select candidates for
bone mineral density (BMD) testing. The Fracture Risk
Assessment Tool (FRAX) is 1 of 5 risk assessment tools recom-
mended by the USPSTF to identify candidates for screening
among postmenopausal women younger than 65 years.1 FRAX
uses individual clinical risk factors to estimate 10-year risk of hip
and major osteoporotic fracture (MOF), including clinical spine,
forearm, hip, or shoulder fracture.2

The inclusion of race and ethnicity in clinical risk predic-
tion algorithms is the topic of substantial controversy. In the
US version, FRAX is race and ethnicity specific, and the 4 op-
tions for the user to select are “US (Caucasian),” “US (Black),”
“US (Hispanic),” and “US (Asian).” To our knowledge, previ-
ous US studies have not examined the ability of the US ver-
sion of FRAX to distinguish between younger postmeno-
pausal women who do and do not experience fracture during
the subsequent 10 years within each of the 4 racial and ethnic
groups prespecified in FRAX. Similarly, a systematic review3

identified no published studies that met eligibility criteria and
provided results of calibration for the US version of FRAX or
other risk assessment instruments in the US population. The
goal of this study was to examine the ability of FRAX (with-
out BMD information) to distinguish between women aged 50
to 64 years who do and do not experience fracture within each
of the 4 racial and ethnic groups (ie, the discrimination of
FRAX). For comparison, we performed identical analyses with
the Osteoporosis Self-assessment Tool (OST),4-6 which does not
include race and ethnicity information and is another tool rec-
ommended by the USPSTF to identify postmenopausal women
younger than 65 years who are candidates for osteoporosis
screening.1 Our secondary goal was to examine the ability of
the US versions of FRAX and OST to identify postmenopausal
women aged 50 to 64 years who have a BMD T score of −2.5
or less within each racial and ethnic category.

Methods
Women’s Health Initiative Participants
Between 1993 and 1998, the Women’s Health Initiative (WHI)
recruited 161 808 postmenopausal women at 40 clinical cen-
ters in the US.7 Women were aged 50 to 79 years at baseline
and were free of serious cardiac, pulmonary, renal, and he-
patic conditions. The WHI Observational Study was designed
to determine potential risk factors and natural course of im-
portant causes of morbidity and mortality in postmeno-
pausal women. The WHI clinical trials tested use of meno-
pausal hormone therapy (HT), calcium plus vitamin D
supplementation, and low-fat eating patterns. Human partici-
pant review committees at each participating institution
reviewed and approved the study. Each participant provided
written informed consent. This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Of the 161 808 participants of the WHI observational study
and WHI clinical trials, 90 769 were aged 50 to 64 years. We
included data from 89 070 participants who self-reported as
Asian, Black, Hispanic, or White. We then excluded data from
participants who reported using osteoporosis medication at
baseline (ie, bisphosphonate, calcitonin, selective estrogen re-
ceptor modulator [n = 1091]), participants for whom informa-
tion regarding covariates was missing (n = 378), and partici-
pants who provided less than 10 years of follow-up time
without having an MOF event (n = 20 432), resulting in an ana-
lytic sample size of 67 169 participants (Figure 1). Of these, 4607
participants had complete data for the BMD analysis. Data for
this analysis were collected from October 1993 to December
2008, when follow-up was complete.

Assessment of Incident Fractures
Incident fractures were assessed from baseline to follow-up
year 10 using annual questionnaires. The questionnaire asked,
“Since the date on the front of this form, has a doctor told you
for the first time that you have a new broken, crushed, or frac-
tured bone?” The location of the fracture was also reported.
Response choices included hip, upper leg (not hip), pelvis, knee
(patella), lower leg or ankle, foot (not toe), tailbone (coccyx),
spine or back (vertebra), lower arm or wrist, hand (not fin-
ger), elbow, and upper arm or shoulder. Fractures of the jaw,
nose, face, skull, finger, toe, rib, and sternum were excluded.
Self-reported hip fractures were confirmed using medical rec-
ords. In accordance with the FRAX definitions,8 we defined
MOF (primary outcome) as hip, clinical spine, forearm, or
shoulder fracture.

Calculation of FRAX and OST Scores
The 10-year estimated absolute risk of MOF (primary out-
come) was calculated for each participant at Sheffield Univer-
sity, Sheffield, UK, using FRAX without BMD (version 3.0),8

as previously described.9 FRAX calculations used weight and
height measured at baseline. We calculated the OST score as
0.2 × body weight in kilograms − age in years; the score was
truncated to yield an integer.4-6

Key Points
Question Does an osteoporosis risk assessment tool containing
race and ethnicity information (Fracture Risk Assessment Tool
[FRAX]) perform better than a tool without this information
(Osteoporosis Self-assessment Tool [OST]) for osteoporosis risk
assessment among younger postmenopausal women?

Findings In this cohort study of 67 169 women younger than 65
years, performance of FRAX and OST was suboptimal in
discrimination of major osteoporotic fracture within each of 4
racial and ethnic categories specified by FRAX. Performance of
OST (but not FRAX) was excellent in discriminating between
women who did and did not have a bone density T score of −2.5 or
less within each racial and ethnic category.

Meaning These findings suggest that the US FRAX is not useful
for shared clinical decision-making regarding osteoporosis
screening in younger postmenopausal women.
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BMD by Dual-Energy X-ray Absorptiometry
Women in the WHI BMD substudy that included participants
from 3 of the 40 clinical centers (Tucson and Phoenix,
Arizona; Pittsburgh, Pennsylvania; and Birmingham,
Alabama) underwent BMD measurement at baseline using stan-
dardized protocols. Bone mineral density was measured using
dual-energy x-ray absorptiometry (QDR2000 or 4500W ma-
chines [Hologic Inc]). Quality assurance procedures included
cross-clinic calibration using hip and spine phantom scans, fur-
ther evaluation of scans with specific problems, and a review
of a random sample of all scans.10

Other Covariates
Using self-assessment questionnaires at baseline, we col-
lected information regarding participant age, race and eth-
nicity, smoking, alcohol intake, previous fracture before
entry into WHI (≥55 years of age), parental hip fracture, fre-
quency of falls in the past year, medical history (including
previous diagnosis of rheumatoid arthritis, gastrointestinal
tract malabsorption, liver disease, emphysema, or early
menopause [<45 years of age]), and medication use (includ-
ing glucocorticoids and menopausal HT). Physical function
was assessed using the RAND 36-item Short-Form Health
Survey Physical Functioning construct (range, 0-100, with
higher scores indicating a more favorable health state).11-13

Statistical Analysis
Data were analyzed between May 11, 2022, and February 23,
2023. We used 2-sided, unpaired t tests (for continuous
variables) and χ2 tests (for categorical variables) to compare
baseline characteristics for participants with vs without
MOF events. We used logistic regression to calculate the
area under the receiver operating characteristic curve (AUC)
for FRAX and OST as continuous measures in the estimation
of MOF risk (primary outcome). The AUC is a measure of
discrimination—that is, the ability to differentiate between
women who will and women who will not experience inci-
dent fracture during the 10 years of prospective follow-up.
We stratified the AUC results by the 4 US FRAX racial and
ethnic categories (Asian, Black, Hispanic, and White). An
AUC value of 0.50 indicates no discrimination (ie, that a tool
is no greater than chance in discrimination between partici-
pants who do and who do not experience MOF). An AUC
value greater than 0.50 and less than 0.70 indicates poor
discrimination; from 0.70 to less than 0.80, acceptable
discrimination.14 An AUC value from 0.8 to less than 0.9
indicates excellent discrimination; 0.9 or greater, outstand-
ing discrimination. In a sensitivity analysis, we repeated the
AUC calculations using an alternative MOF outcome that
included lower arm, upper arm, and hip, but excluding clini-
cal spine fractures. Calibration, a comparison of the actual
observed vs predicted risk of fracture, was calculated as
number of observed fractures per number of predicted frac-
tures. Calibration values greater than 1.00 indicate that the
model underestimates the actual (observed) risk of fracture,
whereas values less than 1.00 indicate that model overesti-
mates the actual risk of fracture.15 We calculated calibration
both overall and within each quintile of predicted risk.

In secondary prespecified analyses, we repeated the analy-
ses described above, substituting femoral neck BMD T score
of −2.5 or less and femoral neck, total hip, or lumbar spine BMD
T score of −2.5 or less as the outcome. We also conducted a sec-
ondary analysis excluding women who reported ever using HT
at baseline or randomized to HT in the trials (analytic sample
size, 21 313), and censoring data of women who initiated os-
teoporosis medication therapy any time during follow-up (ana-
lytic sample size, 60 135). Two-sided P < .05 indicated statis-
tical significance.

Results
Characteristics of Participants at Baseline
Among the 67 169 participants, the mean (SD) age at baseline
was 57.8 (4.1) years (Table 1). In terms of race and ethnicity,
1486 participants (2.2%) were Asian, 5927 (8.8%) were Black,
2545 (3.8%) were Hispanic, and 57 211 (85.2%) were White.

Figure 1. Study Flow Diagram

161 808 Participants in the WHI observation
study and WHI clinical trials

71 039 Aged ≥65 y

1699 Did not self-report as Asian, Black,
Hispanic, or White at WHI enrollment

20 432 With no major osteoporotic fracture
event and <10 y of exposure time

378 Were missing values for model covariates

1089 Were using osteoporosis medications

2 Were missing medication information
at baseline

937 Bisphosphonates
125 Calcitonin

20 Selective estrogen receptor
modulators

7 Combination osteoporosis
medications

90 769 Aged 50-64 y

89 070 Self-reported as Asian, Black, Hispanic
or White at WHI enrollment

87 979 Were not using osteoporosis medications, selective
estrogen receptor modulators, or luteinizing
hormone–releasing hormone agents

87 601 With complete model data

4607 Who had BMD data at enrollment

67 169 With a major osteoporotic fracture
event or 10 y of exposure time

BMD indicates bone mineral density; WHI, Women’s Health Initiative.
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Compared with the 61 575 participants who did not experi-
ence an MOF event, the 5594 participants who experienced an
MOF event during follow-up were less likely to be Asian (79
[1.4%] vs 1407 [2.3%]) or Black (275 [4.9%] vs 5652 [9.2%]) and

more likely to experience at least 3 falls in the 12 months prior
to study baseline (397 [7.1%] vs 2424 [3.9%]) and report a his-
tory of parental hip fracture (806 [14.4%] vs 6900 [11.2%])
(P < .001 for all). The mean (SD) body mass index (BMI; calcu-

Table 1. Characteristics of Study Participants at Baseline Overall and by Major Osteoporotic Fracture Event

Baseline characteristic

Participant groupa

All
(n = 67 169)

MOF event

P valueb
No
(n = 61 575)

Yes
(n = 5594)

Age, mean (SD), y 57.8 (4.1) 57.8 (4.1) 58.6 (4.0) <.001

Self-reported race and ethnicity

Asian 1486 (2.2) 1407 (2.3) 79 (1.4)

<.001
Black 5927 (8.8) 5652 (9.2) 275 (4.9)

Hispanic 2545 (3.8) 2341 (3.8) 204 (3.6)

White 57 211 (85.2) 52 175 (84.7) 5036 (90.0)

BMI

Mean (SD) 28.0 (6.1) 28.0 (6.1) 28.2 (6.1)

<25 23 759 (35.4) 21 858 (35.5) 1901 (34.0)

.0925 to <30 22 666 (33.7) 20 732 (33.7) 1934 (34.6)

≥30 20 396 (30.4) 18 669 (30.3) 1727 (30.9)

Physical function score, mean (SD)c 85.3 (17.7) 85.6 (17.4) 81.9 (20.5) <.001

Smoking

Never 32 880 (49.0) 30 308 (49.2) 2572 (46.0)

<.001Past 28 669 (42.7) 26 228 (42.6) 2441 (43.6)

Current 4962 (7.4) 4456 (7.2) 506 (9.0)

Alcohol intake

Never 5790 (8.6) 5260 (8.5) 530 (9.5)

<.001Past 11 055 (16.5) 10 033 (16.3) 1022 (18.3)

Current (≥1 drink/mo) 49 941 (74.4) 45 940 (74.6) 4001 (71.5)

Menopausal HT used 37 476 (55.8) 34 792 (56.5) 2684 (48.0) <.001

Daily oral glucocorticoid usee 193 (0.3) 157 (0.3) 36 (0.6) <.001

Falls in the past year

0 42 652 (63.5) 39 498 (64.1) 3154 (56.4)

<.001
1 12 762 (19.0) 11 543 (18.7) 1219 (21.8)

2 5320 (7.9) 4755 (7.7) 565 (10.1)

≥3 2821 (4.2) 2424 (3.9) 397 (7.1)

History of fracture aged ≥55 y

Yes 2808 (4.2) 2356 (3.8) 452 (8.1)

<.001No 45 146 (67.2) 41 270 (67.0) 3876 (69.3)

Not applicable (aged <55 y) 16 049 (23.9) 15 044 (24.4) 1005 (18.0)

Parental history of hip fracture 7706 (11.5) 6900 (11.2) 806 (14.4) <.001

Early menopause (aged <45 y) 13 457 (20.0) 12 287 (20.0) 1170 (20.9) .009

History of rheumatoid arthritis 2478 (3.7) 2183 (3.5) 295 (5.3) <.001

History of malabsorptionf 193 (0.3) 169 (0.3) 24 (0.4) .12

History of liver disease 1523 (2.3) 1361 (2.2) 162 (2.9) .004

History of emphysema 1721 (2.6) 1503 (2.4) 218 (3.9) <.001

FRAX-estimated 10-y risk of MOF

Mean (SD), % 7.1 (4.1) 7.0 (4.0) 8.2 (4.9)

<8.4% 51 638 (76.9) 47 847 (77.7) 3791 (67.8)
<.001

≥8.4% 15 531 (23.1) 13 728 (22.3) 1803 (32.2)

OST scoreg

Mean (SD) 3.0 (3.4) 3.0 (3.4) 3.0 (3.4)

<2 26 201 (39.0) 23 991 (39.0) 2210 (39.5)
.54

≥2 40 968 (61.0) 37 584 (61.0) 3384 (60.5)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared;
FRAX, Fracture Risk Assessment Tool;
HT, hormone therapy; MOF, major
osteoporotic fracture; OST,
Osteoporosis Screening Tool.
a Unless otherwise indicated, data are

expressed as No. (%) of
participants. Data were missing for
body mass index (n = 348), physical
function (n = 838), smoking
(n = 658), alcohol intake (n = 383),
falls in past year (n = 3614), history
of fracture at 55 years or older
(n = 3166), parental history of hip
fracture (n = 2683), early
menopause (n = 3651), rheumatoid
arthritis (n = 2179), malabsorption
(n = 2471), liver disease (n = 2), and
emphysema (n = 5061).

b Compares characteristic by MOF
event status using t tests for
continuous variables and χ2 tests for
categorical variables.

c Calculated using the RAND 36-item
Short-Form Health Survey Physical
Functioning construct. Scores range
from 0 to 100, with higher scores
indicating a more favorable health
state.

d Incorporates both a participant’s
self-reported use at baseline as well
as her intervention assignment in
the Women’s Health Initiative
Hormone Therapy Trial. Women
assigned to active hormone therapy
intervention were characterized as
“yes” for hormone therapy use,
while women assigned to placebo
were categorized at “no.” Women
not participating in the Hormone
Therapy Trial were assigned their
baseline self-report of hormone
therapy use (yes, no).

e Defined as at least 3 months of use
of oral daily use of 5 mg or more of
prednisone or equivalent.

f Defined as self-report of special diet
prescribed for malabsorption, celiac
sprue, ulcerative colitis, or Crohn
disease.

g Calculated as 0.2 × body weight in
kilograms − age in years.
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lated as weight in kilograms divided by height in meters
squared) was higher in Black (31.4 [6.8]) and Hispanic (29.0
[5.6]) women compared with Asian (25.3 [4.8]) and White (27.7
[5.9]) women (eTable 1 in Supplement 1). Black women were
more likely to be current smokers (702 [11.8%]) compared with
Asian (73 [4.9%]), Hispanic (176 [6.9%]), and White (4011
[7.0%]) women; Black women were also less likely to report
menopausal HT use (2324 [39.2%]) compared with Asian (880
[59.2%]), Hispanic (1283 [50.4%]), and White (32 989 [57.7%])
women. Compared with Hispanic and White women, Asian
women were more likely (1083 [72.9%]) and Black women were
less likely (1133 [19.1%]) to have an OST score less than 2 (an
OST threshold associated with higher risk of having BMD T
score of ≤−2.5).

FRAX Without BMD and OST: Discrimination of MOF by Race
The AUC values for MOF overall were low: 0.59 (95% CI,
0.59-0.60) for FRAX and 0.55 (95% CI, 0.54-0.56) for OST
(eTable 2 in Supplement 1). For discrimination of MOF, AUC
values for FRAX were 0.65 (95% CI, 0.58-0.71) for Asian,
0.55 (95% CI, 0.52-0.59) for Black, 0.61 (95% CI, 0.56-0.65)
for Hispanic, and 0.59 (95% CI, 0.58-0.59) for White
women. The AUC values for OST were 0.62 (95% CI, 0.56-
0.69) for Asian, 0.53 (95% CI, 0.50-0.57) for Black, 0.58
(95% CI, 0.54-0.62) for Hispanic, and 0.55 (95% CI, 0.54-
0.56) for White women. The AUC curves for MOF were
lower (closer to the reference line that corresponded to AUC
of 0.50) for OST than those for FRAX. However, P values for
comparisons of AUCs for FRAX vs OST within each racial
and ethnic group were not statistically significant, except
that among White participants, among whom the AUC was
significantly higher for FRAX (0.59 [95% CI, 0.58-0.59])
than for OST (0.55 [95% CI, 0.54-0.56]; P < .001) (Figure 2).
The sensitivity analysis excluding clinical spine fractures
showed similar AUC values (eTable 3 in Supplement 1).

Calibration of FRAX and OST by Race and Ethnicity
for Estimation of MOF
In the overall sample, the calibration (ie, the ratio of ob-
served to predicted MOF) ranged from 0.95 (in the lowest quan-
tile of predicted risk) to 1.06 (in the fourth quantile of pre-
dicted risk) for FRAX and from 0.94 (in the third quantile of
predicted risk) to 1.08 (in the lowest quantile of predicted risk)
for OST (eTable 4 in Supplement 1 and Figure 3). The calibra-
tion slopes were similar among Asian, Hispanic, and White
women for OST (range, 0.87-0.92) and for FRAX (range, 1.00-
1.12), but the calibration slope was higher in Black women for
OST (1.31) and FRAX (1.26), due to less agreement between ob-
served and estimated fracture risk in the upper quintile of pre-
dicted risk. Specifically, FRAX and OST underestimated frac-
tures among high-risk Black women.

FRAX Without BMD and OST: Discrimination of Femoral
Neck BMD T Score of −2.5 or Less by Race and Ethnicity
Overall, the AUC values for identifying a femoral neck BMD T
score of −2.5 or less were 0.72 (95% CI, 0.68-0.75) for FRAX
and 0.83 (95% CI, 0.80-0.85) for OST (Table 2). Only 1 Asian
woman had a femoral neck BMD T score of −2.5 or less, so we

report results only for Black, Hispanic, and White women. The
AUC values for FRAX were similar in the racial and ethnic
groups: 0.74 (95% CI, 0.61-0.87) for Black women, 0.74 (95%
CI, 0.60-0.88) for Hispanic women, and 0.72 (95% CI, 0.68-
0.75) for White women. In each of the racial and ethnic groups,
AUC values were higher for OST than for FRAX, ranging from
0.79 (95% CI, 0.65-0.93) to 0.85 (95% CI, 0.74-0.96) for OST
(for OST vs FRAX, P < .001 for White women and P > .05 for
Black and Hispanic women). A similar pattern was apparent
for having a BMD T score of −2.5 or less at any of 3 BMD sites
(femoral neck, total hip, lumbar spine).

Secondary Analysis: Results Among Women not Using HT
or Osteoporosis Medication
We performed a sensitivity analysis limited to women report-
ing no current or previous HT use at baseline and who were not
assigned to the active HT arm in the HT trials, and another sen-
sitivity analysis censoring data of women who initiated osteo-
porosis medication at any time during study follow-up. Results
of these sensitivity analyses were very similar to those of the pri-
mary analyses (eTables 5 and 6 in Supplement 1).

Discussion
The inclusion of race and ethnicity in clinical risk prediction
algorithms is the focus of increasing attention.16,17 The 2011
International Society for Clinical Densitometry Official Posi-
tions stated that “separate FRAX models are available for US
Asians, Black[s], and Hispanics because hip and MOF rates
are lower [in] these ethnic groups than in US Whites.”18 (The
current statement does not address this specific topic.19) In
this study of 67 169 postmenopausal women aged 50 to 64
years at baseline, when examined within each of the racial
and ethnic groups specified by the FRAX risk prediction tool
(Asian, Black, Hispanic, and White women), FRAX and OST
each performed poorly in discriminating between women
who did and did not experience MOF (AUC values ranging
from 0.55 to 0.65). In contrast to our results regarding MOF,
the ability of FRAX and OST to discriminate between
women who do and do not have a femoral neck BMD T score
in the treatment range (≤−2.5) was higher, with AUC values
ranging from 0.72 to 0.74 for FRAX and 0.79 to 0.85 for OST,
and similar among Black, Hispanic, and White women. Low
prevalence of a femoral neck BMD T score of −2.5 or less
among Asian women precluded reliable assessment of
AUC values for a BMD T score of −2.5 or less in Asian partici-
pants. FRAX and OST were well calibrated for MOF among
Asian, Hispanic, and White women, but not Black women;
they underestimated the actual observed risk of MOF
among high-risk Black women. Results were similar in sen-
sitivity analyses excluding data from women who initiated
osteoporosis medication therapy during follow-up. We can-
not compare the current results regarding discrimination of
FRAX and OST for MOF with those of previously published
studies because, to our knowledge, studies that examined
FRAX in US study cohorts did not evaluate discrimination of
FRAX for MOF according to race and ethnicity.20-26
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Calibration values quantify how well FRAX estimates of
10-year fracture probability match the actual observed
10-year cumulative probability of that fracture outcome. A sys-
tematic review performed for the USPSTF3,27 identified no pub-
lished studies that provided results of calibration for the US
version of FRAX in the US population. However, we note that
a study of the Manitoba Bone Mineral Density Program regis-
try data identified significant ethnic differences in perfor-
mance (ie, calibration) of the Canadian FRAX tool, with frac-
ture probability overestimated among Asian and Black
women.28 Further studies regarding calibration of risk assess-
ment methods across race and ethnicity are needed.

Our results have clinical implications. First, clinicians
should be aware that among younger postmenopausal women,

neither FRAX nor OST distinguishes between those who do and
do not subsequently experience MOF. Second, the poor dis-
crimination of FRAX observed in this age group suggests that
it is difficult to identify which women will experience future
MOF. In contrast, our results suggest that it is reasonable for
clinicians to use OST to identify young postmenopausal women
who are potential candidates for osteoporosis drug therapy
(those with a BMD T score of ≤−2.5). In contrast to the MOF
results, the AUC values for BMD T scores of −2.5 or less were
higher. The OST values (AUC range, 0.79-0.85) had excellent
ability to distinguish between women who do and do not have
a femoral neck BMD T score of −2.5 or less among Black, His-
panic, and White women. Our results have implications for
shared decision-making with patients because young post-

Figure 2. Receiver Operating Characteristic Curves for Major Osteoporotic Fractures During 10 Years of Follow-up
Among Women Aged 50 to 64 Years at Baseline by Race and Ethnicity
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indicates area under the receiver operating characteristic curve.
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menopausal women should be informed about the subopti-
mal performance of race- and ethnicity-specific US fracture risk
calculators for fracture risk estimation.

The current results suggest that the USPSTF guidelines re-
garding osteoporosis screening in this age group should be re-
assessed. The finding that OST has excellent discrimination
(without incorporating race and ethnicity information) and was
superior to FRAX for identifying younger postmenopausal
women with a BMD T score of −2.5 or less in the 4 racial and
ethnic groups examined will inform future clinical guide-
lines. The USPSTF guidelines mention FRAX (which includes
Asian, Black, Hispanic, and White race and ethnicity catego-
ries) and the Simple Calculated Osteoporosis Risk Estimation
Score ([SCORE], which includes an item regarding non-Black
race) as 2 of the 5 risk assessment tools. Consequently, the USP-
STF’s approach is essentially recommending race- and ethnic-
ity-specific tools as an appropriate approach for selecting can-
didates for osteoporosis screening among younger
postmenopausal women.1 The remaining 3 tools mentioned
by the USPSTF (OST, Osteoporosis Index of Risk [OSIRIS], and
Osteoporosis Risk Assessment Instrument [ORAI]) do not in-
clude race as a risk factor. OST does not contain race and eth-

nicity information and is simpler to use (simpler calculation),
but nonetheless both FRAX and OST have poor ability to dis-
tinguish between women who do and do not experience MOF
within each of the 4 racial and ethnic groups. Our results sug-
gest that even if MOF rates are lower among younger post-
menopausal Asian, Black, and Hispanic women compared with
rates in White women, the separate FRAX models for US Asian,
Black, and Hispanic women perform poorly for discriminat-
ing between younger postmenopausal women who do and do
not experience incident MOF.

Strengths and Limitations
Strengths of our study include the prospective 10-year fol-
low-up in a large racially and ethnically diverse group of
younger postmenopausal women. A potential limitation of our
study is that data regarding nonhip fractures were based on
self-report. The validity of information regarding self-
reported fractures is good in the WHI; the validity for the self-
reported MOF category at the exact anatomical site was 80%
and was higher for hip fractures (78%), forearm fractures (81%),
and humerus fractures (82%) than for clinical spine fractures
(51%).29 Also, despite including 1486 participants who self-

Figure 3. Observed and Expected Major Osteoporotic Fracture of Estimated Fracture Risk Among Women Aged 50 to 64 Years
at Baseline by Race and Ethnicity
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identified as Asian, there were few incident fracture events
among Asian women, corresponding with the known lower
fracture incidence in Asian women compared with Black,
Hispanic, and White women. Similarly, we had few Asian
women with a BMD T score of −2.5 or less. Therefore, our re-
sults regarding calibration among Asian women may require
confirmation in future studies. Measurements of BMD were
available at 3 of the 40 clinical centers. We note that FRAX was
originally designed to estimate fracture risk, while OST was de-
signed to detect BMD-defined osteoporosis, but we com-
pared these tools because they are recommended by USPSTF
guidelines for screening decisions in this age group, making
the comparison highly clinically relevant.

Conclusions

This cohort study found that within each of the racial and
ethnic categories specified by the FRAX risk assessment
tool, the US version of FRAX and OST for risk assessment
both had suboptimal performance with poor to fair dis-
crimination for MOF among younger postmenopausal
women. The US version of FRAX should not be routinely
used to make screening decisions in younger postmeno-
pausal women. Future investigations should improve exist-
ing tools or create new approaches to osteoporosis risk
assessment for this age group.
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Table 2. AUC Values for FRAX and OST Estimated Risk of BMD T Score of −2.5 or Less in the BMD Subset (N = 4607)a

Outcome Race and ethnicity No. of participants No. of events

AUC (95% CI)b

FRAX OST
Femoral neck T score ≤−2.5 All 4607 235 0.72 (0.68-0.75) 0.83 (0.80-0.85)

Black 628 14 0.74 (0.61-0.87) 0.85 (0.74-0.96)

Hispanic 320 14 0.74 (0.60-0.88) 0.79 (0.65-0.93)

White 3642 206 0.72 (0.68-0.75) 0.82 (0.80-0.85)

Any BMD site T score ≤−2.5c All 4607 653 0.64 (0.62-0.66) 0.74 (0.72-0.76)

Black 628 130 0.68 (0.63-0.73) 0.76 (0.71-0.81)

Hispanic 320 37 0.68 (0.59-0.76) 0.76 (0.68-0.84)

White 3642 484 0.68 (0.65-0.70) 0.75 (0.73-0.78)

Abbreviations: AUC, area under the receiver operating characteristic curve;
BMD, bone mineral density; FRAX, Fracture Risk Assessment Tool; OST,
Osteoporosis Screening Tool.
a All models are adjusted for current hormone therapy use (yes or no) and the

Calcium plus Vitamin D Trial intervention assignment (active, placebo, or not
randomized). Because only 1 Asian participant had a femoral neck BMD T score
of −2.5 or less, we do not display results for Asian participants.

b Femoral neck AUC comparisons by race and ethnicity are as follows. For FRAX,
P > .99 for Black vs Hispanic women, P = .77 for Black vs White women, and
P = .79 for Hispanic vs White women. For OST, P = .50 for Black vs Hispanic
women, P = .60 for Black vs White women, and P = .67 for Hispanic vs White
women. For comparison of FRAX AUC vs OST AUC at the femoral neck within

each racial and ethnic group, P < .001 for all participants, P = .22 for Black
women, P = .61 for Hispanic women, and P < .001 for White women. Any BMD
site AUC comparisons by race and ethnicity are as follows. For FRAX, P = .96
for Black vs Hispanic women, P = .86 for Black vs White women, and P = .96
for Hispanic vs White women. For OST, P = .96 for Hispanic vs White women,
P = .74 for Black vs White women, and P = .88 for Hispanic vs White women.
For comparisons of FRAX AUC vs OST AUC at any BMD site within each racial
and ethnic group, P < .001 for all participants, P = .03 for Black women, P = .19
for Hispanic women, and P < .001 for White women. P values were calculated
using a χ2 statistic on 1 df testing the difference between each paired group.

c Includes femoral neck, total hip, or lumbar spine.
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