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Comparison of Clinical Risk Tools for Predicting
Osteoporosis in Women Ages 50–64
Jennifer L. Pecina, MD, Lindy Romanovsky, MB, ChB, Stephen P. Merry, MD,
Kurt A. Kennel, MD, and Tom D. Thacher, MD

Objective: The objective of this study was to compare the performance of the US Preventive Services
Task Force (USPSTF) recommended WHO Fracture Risk Assessment Tool (FRAX) threshold score of
9.3% (calculated without femoral neck bone density) with the Simple Calculated Osteoporosis Risk Esti-
mate (SCORE), Osteoporosis Self-Assessment Tool (OST), and the Osteoporosis Risk Assessment Instru-
ment (ORAI) to identify osteoporosis in younger women.

Methods: We conducted a retrospective review of women ages 50 to 64 years who underwent dual-
energy radiographic absorptiometry (DXA) at our institution over a 6-month period. Scores for the
FRAX, ORAI, OST, and SCORE tools were calculated using various thresholds: FRAX >9.3%, SCORE >6,
OST <2, and ORAI >9. Sensitivity, specificity, and area under the receiver-operating characteristic
curve for detection of densitometric osteoporosis by DXA for each tool were compared.

Results: A total of 290 women were identified. Of these, 284 (97.9%) were white, and the mean �
standard deviation age was 56.6 � 3.4 years. Fifty (17.2%) had osteoporosis of the lumbar spine and/or
femoral neck on DXA. Sensitivity, specificity, and area under the receiver-operating characteristic curve
for identifying densitometric osteoporosis at the femoral neck and/or spine were 36%, 73%, and 0.55
for FRAX; 74%, 42%, and 0.58 for SCORE; 56%, 69%, and 0.63 for the OST; and 52%, 67%, and 0.60 for
the ORAI, respectively.

Conclusions: DXA screening based on the USPSTF–recommended FRAX threshold score of 9.3% has a
low sensitivity to identify densitometric osteoporosis in women ages 50 to 64. Lowering the threshold
score would increase sensitivity but would also increase the number of women sent for screening DXA.
Use of the validated SCORE tool would improve sensitivity to identify osteoporosis in this age group.
(J Am Board Fam Med 2016;29:233–239.)
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The National Osteoporosis Foundation (NOF),
US Preventive Services Task Force (USPSTF),
American Association of Clinical Endocrinologists,
American College of Obstetricians and Gynecolo-
gists, and American College of Preventive Medi-
cine all recommend that women 65 years and older

should be screened for osteoporosis.1–5 For women
ages 50 to 64 years, most guidelines recommend
assessing for clinical risk factors for osteoporosis
and considering bone mineral density (BMD) test-
ing in women at increased risk.4–6 A 2011 update to
the USPSTF screening guidelines recommended
that women younger than 65 be screened for os-
teoporosis with dual-energy radiographic absorpti-
ometry (DXA) if their 10-year risk of a major os-
teoporotic fracture (MOF) is equal to or greater
than that of a 65-year-old white woman without
additional risk factors; this was listed as a grade B
recommendation.3 To determine fracture risk, the
USPSTF suggests the use of the World Health
Organization Fracture Risk Assessment Tool
(FRAX)7 based on the rationale that it has been
extensively validated, is based on easy-to-determine
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clinical factors, and is readily available for wide-
spread use.3 Using FRAX, the 10-year MOF risk of
a 65-year-old white woman without additional risk
factors is estimated to be 9.3%.3 Thus the USP-
STF currently recommends that all women ages 50
to 64 years with a calculated FRAX 10-year MOF
risk of �9.3% be screened for osteoporosis.

FRAX was developed as a fracture risk assess-
ment tool to guide treatment decisions rather than
as an osteoporosis risk assessment tool; however,
current USPSTF guidelines regarding women in
the 50- to 64-year-old age group promote use of
FRAX to assess the need for BMD screening (ie,
the guidelines promote the use of FRAX as an
osteoporosis screening tool rather than as a fracture
risk assessment tool, as originally intended). Previ-
ous investigations suggest that the USPSTF FRAX
threshold score of an MOF of �9.3% to perform
DXA in this age group has a low sensitivity for
detecting densitometric osteoporosis.8,9 Clinical
prediction rules that were created and validated to
assess the likelihood of osteoporosis include the
Osteoporosis Risk Assessment Instrument (ORAI),
Osteoporosis Self-Assessment Tool (OST), and the
Simple Calculated Osteoporosis Risk Estimation
(SCORE).10–12 The purpose of our study is to
evaluate the ability of these 4 clinical prediction

rules to identify women with osteoporosis among a
cohort of women ages 50 to 64 years, and to com-
pare the sensitivity and specificity of the current
USPSTF FRAX score threshold of an MOF of
9.3% with the validated ORAI, OST, and SCORE
clinical prediction rules for osteoporosis detection.

Methods
We retrospectively identified all women ages 50 to
64 years empaneled with a primary care provider at
the Mayo Clinic in Rochester, Minnesota, who
underwent DXA of the hip and/or lumbar spine
over a 6-month period. Demographic and relevant
clinical data were collected from the medical re-
cords to determine risk profiles with the FRAX,
ORAI, OST, and SCORE tools. Subjects were ex-
cluded if they were previously treated with any of
the following medications that could alter BMD:
bisphosphonates, calcitonin, selective estrogen re-
ceptor modulators, or parathyroid hormone ana-
logs. Women with a history of or current estrogen
use, or a history of fragility fractures, were not
excluded because these are risk factors included in
2 of the tools. The specific clinical risk factors for
each clinical prediction tool are shown in Table 1.

Scores for the FRAX, ORAI, OST, and SCORE
tools were calculated and the sensitivity, specificity,

Table 1. Clinical Risk Factors Used to Calculate the Fracture Risk Assessment Tool,13 Simple Calculated
Osteoporosis Risk Estimation,12 Osteoporosis Self-Assessment Tool,11 and the Osteoporosis Risk Assessment
Instrument10

Clinical Risk Factors by Tool

FRAX SCORE OST ORAI

Age Age Weight Age
Sex Weight Age Weight
Body mass index Race Current estrogen

use
History of fracture Fracture history
History of parental hip

fracture
Rheumatoid

arthritis
Current smoking Estrogen use
Glucocorticoid use
Rheumatoid arthritis
Alcohol use
Disease history associated with

secondary osteoporosis
Suggested threshold for bone density

screening
�9.3%* �6 �2 �9

*10-Year major osteoporotic fracture risk.
FRAX, Fracture Risk Assessment Tool; SCORE, Simple Calculated Osteoporosis Risk Estimation; OST, Osteoporosis Self-
Assessment Tool; ORAI, Osteoporosis Risk Assessment Instrument.
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area under the receiver-operating characteristic
curve, positive predictive value, and negative pre-
dictive value to detect densitometric osteoporosis
(by DXA) were calculated using JMP Pro 9.0.1
(SAS Institute, Cary, NC) and were compared for
each screening tool. Because the USPSTF guide-
lines recommend using FRAX to identify women to
be screened for osteoporosis, the FRAX calculation
was performed without using any bone density
measurements. Osteoporosis was defined as a BMD
T-score of ��2.5 at either the femoral neck
and/or the lumbar spine (average of �2 vertebrae).

This study was approved by the Mayo Clinic
institutional review board.

Results
A total of 290 women were identified as eligible for
evaluation. Of these, 284 (97.9%) were white, and
the mean � standard deviation age was 56.6 � 3.4
years. A total of 180 (62%) had a body mass index
�25.0. The majority of women had no history of a
fragility fracture. Nineteen (6.6%) were identified
as having osteoporosis of the femoral neck, 41
(15.1%) had osteoporosis of the lumbar spine, and
50 (17.2%) were identified as having osteoporosis
at either the femoral neck, the lumbar spine, or
both. Characteristics of the study population are
shown in Table 2.

The distribution of FRAX scores in the group is
shown in Figure 1. The majority of women had a
FRAX score between 2.6% to 10%, and 81 women
(27.9%) had a FRAX score �9.3%. Of the 209
women who had a FRAX score �9.3%, 32 (15.3%)
had densitometric osteoporosis. Of the 50 women
with densitometric osteoporosis on DXA, 18 (36%)
had a FRAX score �9.3%.

Sensitivity, specificity, and area under the re-
ceiver-operating characteristic curve for identifying
densitometric osteoporosis at the femoral neck
and/or spine for the various prediction tools at
recommended thresholds are shown in Table 3. To
obtain a sensitivity of approximately 90% (which
was the approximate sensitivity used to choose
threshold cutoff values in the development of the
OST, ORAI, and SCORE osteoporosis prediction
tools)10–12 requires decreasing the FRAX threshold
to 4.7%. To obtain sensitivities of approximately
90% requires lowering the threshold for ORAI and
SCORE and increasing the threshold value for
OST (Table 4). Our data further suggest that a

FRAX threshold of 6.8% would optimize the trade-
off between sensitivity (66%) and specificity (52%).
The numbers of women who would be sent for
screening using each tool based on the recom-
mended thresholds and thresholds that give sensi-
tivities of approximately 90% are shown in Tables
3 and 4, respectively. For FRAX, 243 (84%), 149
(51%), and 81 women (28%) would be referred for
DXA at thresholds of 4.7%, 6.8%, and 9.3%, re-
spectively.

Discussion
The OST, SCORE, and ORAI tools were all de-
veloped to identify the risk of osteoporosis in
women to help guide the decision of whether to
screen for osteoporosis, whereas FRAX was devel-
oped to determine the risk of osteoporotic fractures
and guide treatment decisions.10–12,14 Despite this
important distinction, the 2011 USPSTF recom-
mendations promote FRAX as an osteoporosis risk

Table 2. Characteristics of 290 Women Who
Underwent Dual-Energy Radiographic Angiography

Characteristics No. (%)

Age (years)
50–54 96 (33.1)
55–59 119 (41.0)
60–64 75 (25.9)

Ethnicity
White 284 (97.9)
Asian 4 (1.4)
Hispanic 1 (0.3)
Black 1 (0.3)
Other

Body mass index (kg/m2)
�18.5 2 (0.7)
18.5–24.9 108 (37.2)
25.0–29.9 99 (34.1)
�30.0 81 (27.9)

Estrogen use
Ever use 92 (31.7)
Current use 21 (7.2)

Previous fractures (n)
0 262 (90.3)
1 25 (8.6)
�2 3 (1.0)

History of rheumatoid arthritis 17 (5.9)
Osteoporosis

Femoral neck 19 (6.6)
Lumbar spine 41 (14.1)
Lumbar spine and/or femoral neck 50 (17.2)
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assessment tool to decide which women under age
65 years should be screened for osteoporosis using
DXA.3 In our study, however, this strategy was not
very sensitive, detecting only about one third of
women with densitometric osteoporosis.

In our study population the SCORE tool, at the
recommended threshold of �6, had significantly
greater sensitivity for detecting osteoporosis in
women 50 to 64 years old than the current USP-
STF recommended FRAX threshold of 9.3%. Sim-
ilarly, in a study of women ages 50 to 64 years,
Crandall et al8 found that both OST and SCORE
(ORAI was not evaluated) had higher sensitivity to
detect osteoporosis at the femoral neck than the
current FRAX threshold of 9.3%. However, they
did not evaluate the sensitivities and specificities of
the various tools to identify osteoporosis at the
lumbar spine. The investigators noted that the cur-
rently recommended USPSTF FRAX threshold of
9.3% for screening only identified about one third

of women in this age group with osteoporosis at the
femoral neck,8 which is similar to our finding for
identifying osteoporosis at the femoral neck and/or
lumbar spine.

The recommendation to screen women between
50 and 64 years of age if their FRAX 10-year
predicted risk of an MOF is �9.3% may seem
intuitive given that this risk is equivalent to that of
a 65-year-old white woman with no other risk fac-
tors for fracture and for whom essentially all guide-
lines would recommend screening. However, if the
goal of osteoporosis risk assessment is to identify
densitometric osteoporosis, it seems that more lib-
eral threshold values may be needed to achieve
similar sensitivities for osteoporosis detection in
younger women compared with older women. In a
study comparing a population similar to ours (all
white women aged 45 to 64 years old with a mean
age of 56 years) with women �65 years old, the
authors also found that to achieve the same sensi-

Figure 1. Distribution of the estimated 10-year major osteoporotic fracture risk (MOF) among 290 women, based
on the World Health Organization Fracture Risk Assessment Tool (FRAX; calculated without femoral neck bone
density).
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Table 3. Performance for each tool at recommended thresholds to detect densitometric osteoporosis and number
of women who would be sent for screening

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) AUC
Patients Who Would Be Sent

for Screening, n (%)

ORAI �9 52 (37–66) 67 (61–73) 25 (17–34) 87 (81–91) 0.60 104 (36)
OST �2 56 (41–69) 69 (63–75) 27 (19–37) 88 (82–92) 0.63 101 (35)
SCORE �6 74 (59–84) 42 (36–49) 21 (15–28) 88 (81–93) 0.58 174 (60)
FRAX �9.3% 36 (23–50) 73 (67–79) 22 (14–33) 84 (78–89) 0.55 81 (28)

AUC, area under the receiver operating characteristic curve; CI, confidence interval; FRAX, Fracture Risk Assessment Tool; NPV,
negative predictive value; ORAI, Osteoporosis Risk Assessment Instrument; OST, Osteoporosis Self-Assessment Tool; PPV, positive
predictive value; SCORE, Simple Calculated Osteoporosis Risk Estimation.
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tivity (approximately 90%) for osteoporosis detec-
tion, the threshold scores to screen with the OST,
ORAI, and SCORE all needed to be liberalized for
the younger age cohort compared with the cohort
of women aged �65 years.15 This finding is sup-
ported by our study. Though the populations used
to develop ORAI, OST, and SCORE included
women younger than age 65 years, the average age
cited (ranging from 61.3 to 63.5 years) was older
than the average age (56.6 years) of our study pop-
ulation, which might provide additional support for
the finding that younger women require different
assessment threshold scores than women �65 years
to achieve similar sensitivities for osteoporosis clin-
ical prediction tools.11,12,16

Achieving a sensitivity of 90% (the approximate
sensitivity used to choose threshold values for
OST, ORAI, and SCORE when they were devel-
oped)10–12 requires decreasing the FRAX MOF
threshold for screening to 4.7%, which would de-
crease the specificity to 17.5%. Using a FRAX
threshold of 4.7% would result in 84% of women
in this age group being sent for DXA, whereas the
use of SCORE with a threshold �6 (the threshold
recommended for screening) would give a reason-
ably high sensitivity of 74% and result in 60% of
women being recommended for screening.

One benefit of the use of FRAX to guide osteo-
porosis assessment, as listed in the USPSTF rec-
ommendation statement, is that it “relies on easily
obtainable clinical information, such as age, body
mass index (BMI), parental fracture history, and
tobacco and alcohol use; its development was sup-
ported by a broad international collaboration and
extensively validated in 2 large US cohorts; and it is
freely accessible to clinicians and the public.”3

However, SCORE is available as an online calcu-

lator,17 and it also involves easily obtainable clinical
information. In fact, SCORE requires the entry of
less clinical information (6 clinical risk factors com-
pared with 11 in FRAX, excluding femoral neck
density). In addition, SCORE was developed spe-
cifically to assess osteoporosis risk prediction,
whereas FRAX was developed for fracture risk pre-
diction.

Our study has several limitations, including the
retrospective design and the fact that the study
population consisted of women already selected for
osteoporosis screening by their provider. However,
even in this preselected population (in whom there
presumably was some risk factor that prompted the
provider to order DXA), the sensitivity of the
USPTF-recommended FRAX threshold of 9.3%
was low. Another potential limitation is that our
study population was primarily white, but this ra-
cial group has the highest risk for osteoporosis and
thus would be expected to have a higher prevalence
of osteoporosis compared with other groups. Last,
our study defined the presence of osteoporosis
based solely on densitometric criteria. Therefore
the detection rate at any given FRAX threshold
does not necessarily reflect the detection rate for all
cases of osteoporosis and situations where NOF
guidelines would recommend treatment (eg,
women with a history of a hip or vertebral fracture,
or osteopenia with a FRAX predicted 10-year prob-
ability of an MOF �20%, and/or predicted 10-year
hip fracture probability �3%) in our population.

The goal of osteoporosis screening is to iden-
tify women with a T-score ��2.5 so that therapy
can be considered with the ultimate goal of de-
creasing the incidence of fractures. While basing
the threshold for treatment for women without a
history of fragility fracture at the fracture prob-

Table 4. Performance, Threshold Values, and Number of Women Who Would Be Sent for Screening with
Thresholds That Give Sensitivities Near 90% for Each Tool

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV 95% CI) AUC
Women Who Would Be Sent

for Screening, n (%)

ORAI �5 94 (82–98) 19 (15–25) 19 (15–25) 94 (82–98) 0.57 240 (83)
OST �6 90 (77–96) 25 (20–32) 20 (15–26) 92 (82–97) 0.58 224 (77)
SCORE �4 88 (75–95) 28 (22–34) 20 (15–26) 92 (82–97) 0.58 217 (75)
FRAX �4.7% 90 (77–96) 17 (13–23) 18 (13–24) 89 (76–96) 0.54 243 (84)
FRAX �6.8% 66 (51–78) 51 (45–58) 22 (16–30) 88 (81–93) 0.59 149 (51)

AUC, area under the receiver operating characteristic curve; CI, confidence interval; FRAX, Fracture Risk Assessment Tool; NPV,
negative predictive value; ORAI, Osteoporosis Risk Assessment Instrument; OST, Osteoporosis Self-Assessment Tool; PPV, positive
predictive value; SCORE, Simple Calculated Osteoporosis Risk Estimation.

doi: 10.3122/jabfm.2016.02.150237 Clinical Risk Tools for Predicting Osteoporosis 237

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2016.02.150237 on 8 M

arch 2016. D
ow

nloaded from
 

http://www.jabfm.org/


ability (by FRAX) that is equal to that of age-
matched women who have had a fragility fracture
has been proposed as an alternative approach to
preventing fractures,18 –20 current NOF guide-
lines recommend treatment based on DXA bone
density results (osteoporosis or osteopenia plus
estimated 10-year hip and MOF risks, as de-
scribed above) or a history of hip or vertebral
fracture. Thus, with current NOF treatment
guidelines, the primary value of osteoporosis as-
sessment tools is to identify women who are
likely to have densitometric osteoporosis and
qualify for treatment. In younger postmeno-
pausal women, bisphosphonates have been shown
to increase bone density and decrease biochemi-
cal bone turnover markers.21,22 These surrogate
markers provide indirect support for bisphospho-
nate’s ability to decrease fracture risk in this age
group.23,24 While we are not aware of a trial that
has evaluated the fracture prevention efficacy of
bisphosphonates specifically in younger post-
menopausal women, the Fracture Intervention
Trial included women ages 55 to 65 years, and a
subgroup analysis revealed that alendronate is
effective for fracture risk reduction in this
younger age group.25,26

Conclusion
Applying the USPTF-recommended FRAX MOF
threshold of 9.3% to assist in selecting younger
women for bone density testing would fail to iden-
tify a large proportion of women ages 50 to 64 years
who have osteoporosis, and the opportunity for
fracture prevention would be missed. Lowering the
FRAX MOF threshold score that would prompt
DXA screening to 4.7% would increase the sensi-
tivity to detect and diagnose osteoporosis in women
in this age group, though it would also increase the
number of women recommended for screening.
Use of SCORE at the recommended threshold of
�6 is an alternative strategy that requires less clin-
ical information and could be used to improve the
sensitivity of detecting osteoporosis in this younger
age group.

The authors thank Stephanie Quigg and Julie Maxson for assis-
tance with data collection.
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