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Abstract
Bone mineral density (BMD) is a strong predictor of fracture, yet most fractures occur in women
without osteoporosis by BMD criteria. To improve fracture-risk prediction, the World Health
Organization recently developed a country-specific fracture risk index of clinical risk factors
(FRAX®) that estimates 10-year probabilities of hip and major osteoporotic fracture. Within
differing baseline BMD categories, we evaluated 6252 women age 65 and older in the Study of
Osteoporotic Fractures using FRAX 10-year probabilities of hip and major osteoporotic fracture
(hip, clinical spine, wrist, humerus) compared to incidence of fractures over 10 years of follow-up.
Overall ability of FRAX to predict fracture risk based on initial BMD T-score categories (normal,
low bone mass, and osteoporosis) was evaluated with receiver-operating-characteristic (ROC)
analyses using area-under-the-curve (AUC). Over 10 years of follow-up, 368 women incurred a
hip fracture, and 1011 a major osteoporotic fracture. Women with low bone mass represented the
majority (n=3791; 61%); they developed many hip (n=176; 48%) and major osteoporotic fractures
(n=569; 56%). Among women with normal and low bone mass, FRAX (including BMD) was an
overall better predictor of hip fracture risk (AUC = 0.78 and 0.70, respectively) than major
osteoporotic fractures (AUC = 0.64 and 0.62). Simpler models (e.g., age+prior fracture) had
similar AUCs to FRAX, including among women for whom primary prevention is sought (no
prior fracture or osteoporosis by BMD). The FRAX, and simpler models, predict 10-year risk of
incident hip and major osteoporotic fractures in older U.S. women with normal or low bone mass.
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INTRODUCTION
Although bone mineral density (BMD) is a strong predictor of fracture risk,(1,2) only a small
portion of women meet BMD criteria for osteoporosis, and thus the majority of fractures
occur in women with low bone mass (previously called osteopenia).(3) To improve fracture
prediction, the World Health Organization (WHO) has recently developed a country-specific
fracture risk index using nine clinical risk factors in addition to BMD.(4–6) The U.S.
National Osteoporosis Foundation (NOF) subsequently released guidelines recommending
treatment for women with existing hip or spine fracture, osteoporosis by BMD (T-score ≤
−2.5), or low bone mass by BMD (−2.5 < T <−1.0) with an increased risk of fracture based
on the FRAX model.(7) FRAX appears similar to age-adjusted BMD alone in overall
prediction of fracture risk in postmenopausal women.(8) However, it is unknown how well
the FRAX model predicts fractures across differing levels of BMD, particularly among
women with low bone mass—who present the greatest treatment dilemma. The aim of our
study was to evaluate how the FRAX model 10-year probabilities predicted actual fractures
observed over 10 years in a prospective U.S. cohort of women age 65 and older.

METHODS
Study Sample

In 1986–88, the Study of Osteoporotic Fractures (SOF) recruited 9704 community-dwelling
women, who were age 65 or older (>99% Non-Hispanic White) in four U.S. regions:
Baltimore County, Maryland; Minneapolis, Minnesota; Portland, Oregon; and the
Monongahela Valley near Pittsburgh, Pennsylvania.(1) Women were recruited irrespective of
BMD and fracture history; those unable to walk without assistance and those with bilateral
hip replacements were excluded. All women provided written consent, and SOF was
approved by each site’s Institutional Review Board.

About two years after the initial visit, 9339 (of 9451 surviving) SOF women returned for a
visit that included their first DXA BMD measurement in the clinic; 7963 had adequate DXA
BMD measurement. For this analysis we required women to have measurements for all of
the risk factors at the baseline in the FRAX model, as well as femoral neck BMD. Among
the 7963 women with BMD, the primary reason for missing FRAX risk factors was
unknown parental history of fracture (n=1445). Complete data to calculate FRAX data was
available on 6252 women. Women who were missing risk factors for FRAX were on
average older (72.3 vs. 71.3) and a larger proportion reported a previous history of fracture
(42% vs 34%). However, the 6252 women in the analytic cohort and those missing FRAX
risk factors had similar BMI (26.4 kg/m2) and similar femoral neck BMD (0.65 g/cm2).

Measurement of Clinical Risk Factors, Including BMD
Measurement and quality control procedures were rigorous (detailed elsewhere).(1) At the
baseline examination (1986–8), height was measured by stadiometer, and weight (in light
clothing without shoes) by balance-beam scale. Women also provided information on date
of birth, personal fracture history after age 50, parental history of hip fracture, smoking
status, alcohol use, rheumatoid arthritis (RA), and glucocorticoid use. At the second visit
(1988–90), dual-energy x-ray absorptiometry (DXA) was first available, and measured by
Hologic QDR 1000 (Hologic, Bedford, Massachusetts) at the proximal femur and lumbar
spine. DXA BMD measurement standards and precision have also been previously
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detailed.(9) T-scores were calculated using the National Health and Examination Survey
(NHANES) young female age 20–29 as the reference, and were computed by WHO
criteria.(10)

Follow-up for Ascertainment of Fractures
Participants were contacted every four months by postcard (with phone follow-up for non-
responders) to ascertain incident hip and other non-spine fractures; more than 98% of these
contacts were completed. Incident non-spine fractures were physician-adjudicated from
radiology reports. Clinical spine fractures were also adjudicated, when reported. Major
osteoporotic fractures included: hip, clinical spine, wrist (distal radius or ulna), and
humerus.

WHO and FRAX 10-year Absolute Fracture Risk
The WHO 10-year absolute risk of both hip fracture and major osteoporotic fracture (hip,
clinical spine, wrist, or humerus) was calculated for each SOF participant by the WHO
Collaborating Centre for Metabolic Bone Disease using the FRAX algorithm for U.S.
Caucasian women,(6) and provided to SOF (FRAX Version 3.0 was used for final
analyses).(11,12) The FRAX 10-year probabilities are based on the following risk factors:
age, sex, body mass index (kg/m2), previous history of fracture, parental history of hip
fracture, current smoking, glucocorticoid use in the last three months, presence of RA, other
types of secondary osteoporosis, and 3 or more alcoholic beverages a day.(6) For secondary
osteoporosis, only RA was assessed in SOF. However, the U.S. FRAX model calculator
(with BMD) similarly does not consider other types of secondary causes of osteoporosis in
the FRAX calculation when BMD is known as they typically mediate their risk through
BMD.(7) FRAX 10-year probabilities were provided both with and without femoral neck
(FN) BMD. We did not evaluate use of non-hip BMD (e.g., spine), nor is this recommended
with the FRAX calculator as it has not been validated.(7)

Statistical Analyses
To compare 10-year FRAX predicted fracture risk to observed fracture risk in our cohort, we
evaluated 6252 women who had measurements for all nine risk factors as well as DXA
BMD. To allow an adequate comparison with the 10-year FRAX probabilities, we also
limited follow-up to 10 years (mean follow-up was 9.4 years, range 2.2 years–10.0 years).

We evaluated each individual woman’s FRAX predicted probability of hip and major
osteoporotic fracture compared to observed rates of hip and major osteoporotic fracture,
both with and without FN BMD T-score in the FRAX model.(5,6) We did additional analyses
that included traumatic fractures as part of observed fractures to confirm results were
consistent for all fracture types (data not shown).

As our goal was to evaluate how FRAX predicts fractures across varying levels of baseline
BMD, we stratified results based on initial FN BMD T-score by 0.5 increments as well as T-
score groups: normal (T ≥ −1.0), low bone mass (−2.5 < T <−1.0); and osteoporotic (T≤
−2.5). So that within strata comparisons (e.g., comparisons within the low bone mass group)
to FRAX would be valid, we developed our models on the full population before stratifying
by BMD. Receiver operating characteristics (ROC) curves assessed overall sensitivity and
specificity to predict observed hip and major osteoporotic fractures by the area under the
ROC Curve (AUC) statistic) using the 10-year probabilities of hip and major osteoporotic
fractures, respectively, calculated with FRAX.(5,6) Higher AUC values represent better
prediction with the models. STATA® version 9.2 was used to compare the AUC statistic
across BMD groups (StataCore, College Station, Texas). All other statistical analyses were
performed using SAS version 9.1 (SAS Institute, Cary, NC). We used χ2 tests and analysis
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of variance to test bivariate associations. A STATA algorithm by DeLong, DeLong, and
Clarke-Pearson(13) was used to test the equality of the area under the curve across the three
BMD groups. Post-hoc pair-wise comparisons using the same procedure were also
conducted. Linear trends in AUC statistics were also tested using regression analyses.
Specifically, the AUC statistic was regressed on the BMD group (normal, low bone mass,
osteoporotic). For these trend analyses, observations were weighted by the standard
deviation of the AUC statistic and BMD groups were assumed to be equally spaced. The p-
value (for trend) reported is for the slope of the regression equation.

Within each 0.5 T-score increment, we used t-tests to compare the FRAX-predicted
probability of fracture to the actual fracture proportions. We summarized these findings in
terms of predicted and observed number of fractures within each of the BMD categories by
0.5 T-score increments (Figure 2).

Although the FRAX model was developed using other data, we confirmed there was no
evidence of multi-collinearity between predictor variables used in the FRAX calculations in
all comparisons (r<0.4). All the statistical tests that we report are two-sided; the term
statistically significant implies a p-value <0.05.

Sensitivity Analyses based on Prior Fracture Status or Age at Baseline
In addition to evaluating overall probabilities in the whole cohort, we did separate analyses
among the 4097 (65.5%) women with no prior fracture history (those who did not report any
fracture since age 50 at the baseline exam). We also stratified these analyses by age at
baseline (≤75 years vs. >75 years).

Sensitivity Analyses of US FRAX Treatment Thresholds
A primary aim of our analysis was to evaluate FRAX among women with low bone mass
(“osteopenia”)—those who present a clinical conundrum about treatment benefit. The US
NOF recommends pharmacologic treatment of high-risk women with low bone mass (T-
score between −1.0 and −2.5 on either femoral neck or lumbar spine) if they have a 10-year
probability of a hip fracture ≥3% or a 10-year probability of a major osteoporotic fracture
≥20% based on the US adapted FRAX model.(7) Based on NOF criteria, we dichotomized
the 4464 women who had low bone mass (LBM) by femoral neck or spine BMD depending
on whether the NOF would recommend treatment (FRAX high risk; n=2218) or not (FRAX
low risk; n=2246).(7) We then evaluated what proportion of the high and low risk groups of
LBM women developed a fracture over 10 years. The sensitivity, specificity, positive
predictive value, and negative predictive value of NOF treatment thresholds for FRAX were
also calculated in these LBM women.(14,15)

RESULTS
The characteristics of the 6252 women, who were an average age of 71 years at the baseline
exam, are shown in Table 1, stratified by baseline BMD category. All risk factors, except
history of RA and corticosteroid use, significantly differed based on baseline BMD T-score
(Table 1). Over a total of 58,879 person-years of follow-up, 368 women suffered a hip
fracture and 1011 incurred a major osteoporotic fracture. Fracture risk increased with
decreasing BMD as would be expected (Table 1).

A model with no utility in predicting fracture would have an AUC of 0.50 (i.e., no better
than flipping a coin or chance alone); AUC was greater than 0.50 for all models (Table 2).
The FRAX model predicted hip and major osteoporotic fractures within all BMD categories,
even when baseline BMD was not part of the probability calculation (Table 2). However,
prediction with FRAX models was similar to simpler models (Table 2). In general, overall
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prediction was better (higher AUCs) for all hip fracture models (using either FRAX or
simpler models) than it was for major osteoporotic fracture.

When analyses were restricted to the 4097 women without prior fracture at the baseline
exam for all BMD categories, FRAX prediction (AUC) was similar to the whole cohort, for
both fracture types (Table 2). Thus, FRAX discriminated fracture risk, particularly for hip
fracture, among women without current evidence of osteoporosis (by BMD or history of
fracture)—women one would like to target for primary prevention.

When hip fracture risk was further evaluated among women without prior history of
fracture, FRAX models with BMD predicted 10-year probability best among women age
65–75 years at baseline (vs. >75 years old; Table 3). Simpler models (e.g., age+BMD)
similarly predicted best in younger women.

FRAX Prediction across T-Score BMD increments
Clinically, it is helpful to know not only overall prediction (AUC), but also whether the error
is an over- or under-estimation. To better illustrate how the rates of fracture predicted by the
FRAX model with BMD compared to actual rates, we evaluated this by 0.5 increments of T-
score FN BMD (Figure 1). Hip fracture prediction when using 10-year hip fracture
probabilities was very close to actual fracture rates across most BMD increments (Figure 1),
consistent with higher AUC values for hip fracture (Table 2). In contrast, FRAX over-
predicted major osteoporotic fractures in women with normal and low bone mass when
using 10-year major osteoporotic probabilities (Figure 1).

FRAX Prediction Based on NOF Treatment Guidelines
There were 4464 women (71% of the 6252) who had low bone mass by femornal neck or
spine BMD. Based on the FRAX US model version 3.0, nearly half of these 4464 women
with low bone mass would be considered high-risk by NOF, and recommended for treatment
(Figure 2). Importantly, during the 10 years of follow-up after the SOF baseline exam in
1986–88, osteoporosis treatment was less common and less available (e.g., only ~1% used
alendronate prior to the year 10 exam), and thus it is a more ideal population to compare
fracture risk to predicted. Interestingly, <10% of LBM women classified as “high-risk” by
NOF(7) suffered a hip fracture, and <25% of the high risk (treatment recommended) incurred
a major osteoporotic fracture (Figure 2). For those with a history of prior fracture, the
proportion recommended for treatment was higher, as well as the percent that developed a
fracture (Figure 2, Table 2). The NOF treatment threshold (high-risk) for women with low
bone mass was reasonably sensitive at identifying a high proportion of women who would
develop fracture (most true positives with few false negatives) but was not very specific in
excluding false positives and thus had a low specificity among women with low bone mass
(Table 4). Moreover, the positive predictive value of this NOF threshold was very poor
(Table 4) for women with low bone mass because of the very high false positive rate.

DISCUSSION
In this large prospective cohort study of 6252 community-dwelling women age 65 and older,
we found that the FRAX model predicted incident hip and major osteoporotic fractures
among women with normal and low bone mass, not just those with frank osteoporosis.
Overall prediction in each BMD category (normal, low, or osteoporotic) was similar using
either FRAX model (clinical risk factors alone or combined with BMD) for all fracture
types.

FRAX predicted hip fractures better in women with normal and low bone mass than it did
for women with frank osteoporosis by BMD criteria. These results don’t contradict prior
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data that BMD is a strong risk factor for fracture (hazards ratios are based on sensitivity, not
specificity). Moreover, one would hope that a clinical risk model would perform best with
overall prediction of sensitivity and specificity (AUC) of fracture risk among those
identified as low risk by BMD. Similarly, one would hope a risk model would be useful in
women who have not yet manifested fragile bones (by experiencing a fracture after age 50).
Indeed, our results suggest that the FRAX model, and assessing additional risk factors,
offers particular utility in stratifying fracture risk among women with normal and low bone
mass. Importantly, this improved prediction for women with normal and low bone mass was
present even among women who had yet to experience a fracture since age 50 (Table 2).

Because BMD (the gold standard) is an excellent discriminator of fracture risk, it is not
surprising that hip fractures occurred rarely in women with normal BMD (n=14). However,
the majority of hip fractures occurred in women without osteoporosis by BMD (n=190), and
the addition of clinical risk factors improved fracture prediction in these women. This
improved hip fracture prediction occurred even among women who had not “declared” their
fragile bone status with a prior fracture.

Ensrud and others have recently published that FRAX prediction is similar to simpler
models for prediction of overall non-spine and spine fracture rates.(8,16–19) One could
reasonably argue from our results that BMD (if known) or prior fracture after age 50 (if
occurred) are very good (and simple) predictors of fracture risk, including among women
with low bone mass. However, our results also suggest that in women for which true
primary prevention is sought (i.e., normal or low bone mass and no history of prior fracture),
FRAX can offer utility in predicting risk—especially for hip fracture.

We now have excellent evidence that treatment for women who meet BMD criteria for
osteoporosis can reduce future fracture risk.(20–23) The data for treatment benefit in women
with low bone mass is less compelling, particularly with prevention of non-spine
fractures.(20, 22, 24–26) Because women with low bone mass (osteopenia) represent the
majority of all postmenopausal women, treating nearly all women to prevent future fractures
is cost prohibitive with limited resources and also unnecessarily increases adverse effects in
women who are unlikely to receive individual benefit.

Thus, the concept of the FRAX model is desirable to better stratify fracture risk and
potential benefit with treatment in women without osteoporosis. Our findings provide
insight into how FRAX probabilities (and simpler models) relate to observed risk, especially
among women with low bone mass that is not yet osteoporotic. Moreover, our results
suggest FRAX can be helpful to stratify risk among women who have not yet experienced a
fracture—the target group for primary prevention. Additional evidence about how treatment
based on FRAX risk stratification will reduce fracture risk is still needed.

With current NOF guidelines, the majority of postmenopausal women with low bone mass
are now recommended for treatment based on the FRAX model probabilities.(7,27,28) Since
the publication of Donaldson and colleagues’ report on the high proportion of U.S. women
meeting NOF treatment thresholds,(27) the US version of FRAX was updated (version 3.0)
to improve overestimation of fracture.(12) Our results that current NOF treatment thresholds
(based on FRAX) still identify a large proportion of women with low bone mass as high risk
who will not fracture (false positives), more research is needed on how to improve screening
women with low bone mass who would benefit from primary prevention (and thus avoid
unnecessarily treating a large proportion of women).

Our study has several important strengths. It is a large prospective study of 6252
community-dwelling older women, with rigorous quality control of BMD and other
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measurements. In addition, retention of survivors is excellent, including fracture
ascertainment over the 10 years of follow-up.

Our study also has some potential limitations. All FRAX risk factors were measured at
baseline, except baseline BMD which was not available until about 2 years after baseline.
However, this is unlikely to provide a bias given our prior evidence on the stability of one
measurement of BMD longitudinally as a predictor.(2) Also, our results are in
postmenopausal U.S. women age 65 or older, and may not be generalizable to other groups,
particularly younger women, who are transitioning through the menopause.

The FRAX models provide a paradigm shift in fracture prevention, as it encourages
providers (and patients) to think in terms of absolute fracture risk, as there is no compelling
rationale for treating people with low absolute risks of fracture. An important limitation of
FRAX is that the evidence of treatment efficacy has come from populations with
osteoporosis by BMD criteria.(20–23) Therefore, until treatments are shown to be efficacious
in women without osteoporotic BMD, the utility of identifying high fracture risk in women
without osteoporosis should still be viewed with caution. Our results that FRAX predicts
fractures within all BMD categories, including women with normal bone mass and without
prior fracture provides the first step. Treatment trials are also needed, to demonstrate that
fractures will be prevented among women identified by FRAX to be high risk but without
osteoporotic BMD.

In summary, among older U.S. women we found that the FRAX model predicted hip and
major osteoporotic fractures within all BMD categories, including women with normal and
low bone mass. Simpler models provided similar risk stratification (e.g., age+BMD) among
women with low bone mass. For the large proportion of postmenopausal women for whom
osteoporosis primary prevention is sought (normal or low bone mass without prior fracture),
more research is still needed on how to reduce the false positive rate (and unnecessary
treatment) with FRAX (or other screening tests), while retaining our ability to identify
women at high risk of fracture.
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Figure 1.
FRAX predicted 10-year hip probabilities with FN BMD are compared to observed fracture
across baseline BMD increments. Observed fractures are plotted as total number of fractures
for each BMD T-score group, and BMD distribution of the population is indicated on each
graph. FRAX hip probabilities were used to predict hip fracture; major osteoporotic
probabilities were used to predict major osteoporotic fractures. Major osteoporotic fractures
were defined as hip, clinical spine, wrist and humerus.(6) *p<0.05 by paired t-tests of
predicted vs. observed fractures in each respective 0.5 BMD T-score increment.
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Figure 2.
Proportion of women with low bone mass (n=4464) at baseline exam that would meet
current National Osteoporosis (NOF) treatment thresholds (high-risk; n=2218) or not (low-
risk; n=2246), with further stratification on whether fracture occurred in 10 years of follow-
up. NOF high-risk is low bone mass (T score between −1.0 and −2.5 by femoral neck or
spine BMD) and 10 year FRAX (including BMD) probability of fracture of ≥3% for hip and
≥20% for major osteoporotic fracture (MOF).(7) Proportions are illustrated for the whole
cohort (n=4,464), as well as by a prior history of fracture (n=1505) or no prior fracture
history (n=2,959).
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Table 1

Characteristics of the SOF Cohort at Baseline, and Over 10 Years of Follow-up

Risk Factors Used in FRAX Model: Normala (n=1154) Low Bone Massa (n=3791) Osteoporotica (n=1307) p

Age (years) 69.6 (4.0) 71.1 (4.8) 73.6 (5.9) <.001

Sex – Female 100% 100% 100% —

BMI, kg/m2 29.0 (5.2) 26.5 (4.3) 24.1 (3.6) <.001

Rheumatoid Arthritis – Ever 67 (5.8) 258 (6.8) 104 (8.0) .11

Steroid Use – Ever 146 (12.7) 432 (11.4) 163 (12.5) .38

Smoking – Current 90 (7.8) 347 (9.2) 146 (11.2) .01

Alcohol Use – >=3 Drinks/day 46 (4.0) 109 (2.9) 29 (2.2) .03

Fracture of Any Bone After Age 50 253 (21.9) 1251 (33.0) 651 (49.8) <.001

History of Parental Hip Fracture 132 (11.4) 557 (14.7) 236 (18.1) <.001

Femoral Neck BMD – T-score −0.32 (0.66) −1.79 (0.41) −2.90 (0.33) —

Other Variables and Outcomes:

Femoral Neck BMD, g/cm2 0.82 (0.08) 0.64 (0.05) 0.51 (0.04)

Total Hip BMD, g/cm2 0.93 (0.10) 0.76 (0.08) 0.61 (0.08)

Years Follow-up 9.6 (1.3) 9.5 (1.4) 9.1 (1.8)

Hip Fractures - Observed 14 (1.2) 176 (4.7) 178 (14.3) <.001

Hip Fractures – Predicted b 11 (0.9) 153 (4.0) 170 (13.0)

Major Osteoporotic Fractures - Observed 71 (6.3) 569 (15.7) 371 (30.0) <.001

Major Osteoporotic Fractures – Predicted c, d 115 (10.0) 615 (16.2) 376 (28.8)

Data are presented as mean (SD) or n (%).

a
Based on initial femoral neck T-score

b
Using FRAX hip fracture probability with BMD

c
Using FRAX major osteoporotic fracture probability with BMD

d
Major osteoporotic fractures include hip, clinical spine, wrist and humerus(6)
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Table 2

Prediction of Fracture, Stratified by Baseline BMD

Normal
N=1154

Low Bone Mass
N=3791

Osteoporotic
N=1307 p-valuec

WHO Models: AUC (95% CI) AUC (95% CI) AUC (95% CI)

Hip Fracture n=14 n=176 n=178

 Whole Cohort

  FRAX with BMDa 0.78 (0.67, 0.90)e 0.70 (0.66, 0.73)e 0.62 (0.58, 0.66) 0.004d

  FRAX without BMDa 0.79 (0.70, 0.88)e 0.66 (0.61, 0.70)f 0.63 (0.59, 0.67) 0.006

  Age+Prior Fracture 0.78 (0.69, 0.87)e 0.66 (0.62, 0.70)f 0.65 (0.61, 0.70) 0.04

  Age+BMD 0.71 (0.58, 0.83)f 0.70 (0.66, 0.74) 0.65 (0.61, 0.70) 0.22

  Age alone 0.69 (0.55, 0.83) 0.65 (0.61, 0.69) f 0.64 (0.60, 0.69) 0.82

 No Prior Fracture

  FRAX with BMD 0.74 (0.47, 1.00) 0.71 (0.66, 0.76) e 0.62 (0.55, 0.68) 0.07

  FRAX without BMD 0.82 (0.71, 0.94)e 0.64 (0.59, 0.70) f 0.63 (0.57, 0.70) 0.009

Major Osteoporotic Fractureb n=71 n=569 n=371

 Whole Cohort

  FRAX with BMDa 0.64 (0.57, 0.70) 0.62 (0.59, 0.64) 0.61 (0.58, 0.64) 0.75

  FRAX without BMDa 0.62 (0.56, 0.69) 0.59 (0.56, 0.61)f 0.61 (0.57, 0.64) 0.48

  Age+Prior Fracture 0.61 (0.54, 0.68) 0.60 (0.58, 0.63) 0.60 (0.57, 0.64) 0.99

  Age+BMD 0.58 (0.50, 0.65) 0.63 (0.61, 0.65) 0.61 (0.57, 0.64) 0.26

  Age alone 0.52 (0.45, 0.60) f 0.57 (0.55, 0.60) f 0.57 (0.54, 0.61) 0.44

 No Prior Fracture

  FRAX with BMD 0.60 (0.52, 0.69) 0.61 (0.57, 0.64) 0.59 (0.54, 0.64) 0.93

  FRAX without BMD 0.60 (0.52, 0.69) 0.55 (0.52, 0.59)f 0.59 (0.54, 0.65) 0.32

N=6252 subjects for whole cohort and 4097 subjects reporting no prior fracture after age 50; model n’s vary by fracture type due to missing values
(for fracture type). FRAX models use calculated FRAX hip and major osteoporotic fracture probabilities compared to actual fractures. All models
with BMD use femoral neck BMD.

a
FRAX hip and major osteoporotic probabilities are used for corresponding fracture outcomes.

b
Major osteoporotic fractures include hip, clinical spine, wrist and humerus.(6)

c
p value for overall χ2comparison across BMD categories

d
p<0.05 for trend across BMD groups

e
p<0.05 compared to osteoporotic group (pair-wise comparison)

f
p<0.05 compared to FRAX with BMD model (pair-wise comparison within BMD category)

J Bone Miner Res. Author manuscript; available in PMC 2013 April 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hillier et al. Page 14

Table 3

FRAX Prediction of Hip Fracture among 4097 Women Without a History of Prior Fracture

Normal/LBM (n=3441) Osteoporotic (n=656) p-value

Models if no Prior Fracture History: AUC (95% CI) AUC (95% CI)

 Hip Fracture n 105 76

 Age <=75

  FRAX with BMD 0.75 (0.69, 0.80) 0.60 (0.51, 0.70) 0.01

  FRAX without BMD 0.62 (0.56, 0.69) 0.60 (0.51, 0.70) 0.75

  Age+BMD 0.73 (0.68, 0.79) 0.59 (0.50, 0.69) 0.01

  Age alone 0.63 (0.57, 0.69) 0.58 (0.48, 0.67) 0.34

 Age >75

  FRAX with BMD 0.66 (0.58, 0.73) 0.51 (0.41, 0.60) 0.02

  FRAX without BMD 0.62 (0.53, 0.71) 0.49 (0.39, 0.59) 0.06

  Age+BMD 0.69 (0.61, 0.77) 0.62 (0.52, 0.71) 0.22

  Age alone 0.51 (0.41, 0.62) 0.52 (0.42, 0.63) 0.89

N=4097 women without a prior history of fracture. Although the age distribution for the whole cohort was approximately evenly split for age <=75
vs. age >75, for women without a history of fracture there were 3,427 women age <75 and 670 women who were age >75 at baseline. All BMD
models use femoral neck BMD.
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