1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Med. Author manuscript; available in PMC 2018 July 01.

-, HHS Public Access
«

Published in final edited form as:
Am J Med. 2017 July ; 130(7): 862.e15-862.623. d0i:10.1016/j.amjmed.2017.02.012.

Time to clinically relevant fracture risk scores in
postmenopausal women

Margaret L. Gourlay, MD, MPH2, Robert A. Overman, MPHP, Jason P. Fine, ScD¢, Carolyn J.
Crandall, MD, MSY, John Robbins, MD, MHS®, John T. Schousboe, MD, PhD', Kristine E.
Ensrud, MD, MPHZ", Erin S. LeBlanc, MD, MPH!, Margery L. Gass, MDJ, Karen C. Johnson,

MD, MPHK, Catherine R. Womack, MDK, Andrea Z. LaCroix, PhD!, and for the Women's
Health Initiative Investigators

aDepartment of Family Medicine, University of North Carolina, Chapel Hill, NC

bDivision of Pharmaceutical Outcomes and Policy, Eshelman School of Pharmacy, Chapel Hill,
NC

¢Department of Biostatistics, University of North Carolina, Chapel Hill, NC
dDepartment of Medicine, University of California, Los Angeles, Los Angeles, CA
eUniversity of California at Davis, Sacramento, CA

Division of Health Policy and Management, Minneapolis VA Health Care System, Minneapolis,
MN

9Department of Medicine, Division of Epidemiology, University of Minnesota, Minneapolis, MN
hDepartment of Medicine, Minneapolis VA Health Care System, Minneapolis, MN

iCenter for Health Research, Kaiser Permanente Northwest, Portland, Oregon

iCleveland, OH

KDepartment of Preventive Medicine and Medicine, University of Tennessee Health Science
Center, Memphis, TN

IDivision of Epidemiology, School of Medicine, University of California at San Diego, San Diego,
California

Abstract

Corresponding author and address for reprints: Margaret Gourlay, MD, MPH; Aycock Building; Manning Drive, CB #7595; UNC-
Chapel Hill; Chapel Hill, NC 27599-7595, United States; Phone: 1-984-974-4468, Fax: 1-919-966-6125;
margaret_gourlay@med.unc.edu.

Conflicts of interest/disclosures: No conflicts of interest were reported for the submitted work.
Authors' roles: All authors had access to the data and a role in writing the manuscript.
Trial registration: The Women's Health Initiative is registered as ClinicalTrials.gov number NCT00000611.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gourlay et al. Page 2

Background—-Clinical practice guidelines recommend use of fracture risk scores for screening
and pharmacologic treatment decisions. The timing of occurrence of treatment-level (according to
2014 National Osteoporosis Foundation guidelines) or screening-level (according to 2011 US
Preventive Services Task Force guidelines) fracture risk scores has not been estimated in
postmenopausal women.

Methods—We conducted a retrospective competing risk analysis of new occurrence of treatment-
level and screening-level fracture risk scores in postmenopausal women aged 50 and older, before
receipt of pharmacologic treatment and before first hip or clinical vertebral fracture.

Results—In 54,280 postmenopausal women aged 50 to 64 without a bone mineral density test,
the time for 10% to develop a treatment-level FRAX® could not be estimated accurately because
of rare incidence of treatment-level scores. In 6096 women who had FRAX scores calculated with
bone mineral density, the estimated unadjusted time to treatment-level FRAX ranged from 7.6
years (95% Cl, 6.6, 8.7) for those aged 65 to 69 to 5.1 years (95% Cl, 3.5, 7.5) for those aged 75
to 79 at baseline. Of 17,967 women aged 50 to 64 with a screening-level FRAX at baseline, 100
(0.6%) experienced a hip or clinical vertebral fracture by age 65.

Conclusions—Postmenopausal women with sub-threshold fracture risk scores at baseline were
unlikely to develop a treatment-level FRAX score between ages 50 and 64. After age 65, the
increased incidence of treatment-level fracture risk scores, osteoporosis and major osteoporotic
fracture supports more frequent consideration of FRAX and bone mineral density testing.

Keywords
bone density; fractures; menopausal; osteoporosis/epidemiology; risk assessment

Introduction

Bone mineral density testing to screen for osteoporosis (lowest bone mineral density T-score
< -2.50 at femoral neck, total hip or lumbar spine) cannot identify all postmenopausal
women who will have fractures. In an effort to identify candidates for antifracture treatment
who may not have osteoporosis by bone density criteria, a scientific group led by
investigators at University of Sheffield developed the Fracture Risk Assessment Tool
(FRAX®) to estimate the 10-year probability of hip fracture or major osteoporotic (clinical
spine, forearm, hip or proximal humerus) fracture based on individual patient models that
included selected clinical risk factors for fracture and (optional) bone mineral density at the
femoral neck.! The National Osteoporosis Foundation adapted the FRAX fracture prediction
algorithm to the US population? and performed an economic analysis to identify thresholds
of fracture risk above which it was estimated to be cost-effective to consider
pharmacotherapy in the US.3 These US thresholds were 10-year absolute risks of >3% for
hip fracture and =20% for major osteoporotic fracture in postmenopausal women and men.*

In 2011 the US Preventive Services Task Force (USPSTF) adapted the use of FRAX for
identification of candidates for dual-energy x-ray absorptiometry (DXA) bone mineral
density screening, proposing selection of postmenopausal women under age 65 if their
calculated fracture risk was equal to or greater than that of a 65-year-old white woman who
has no additional risk factors, i.e., 10-year risk of major osteoporotic fracture =29.3%
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according to the FRAX risk tool.> Although a small observational study suggested that
implementation of this strategy might decrease unnecessary testing,6 Crandall et al's large
analysis of data from the Women's Health Initiative found that the USPSTF screening
strategy was modestly better than chance and was inferior to simpler risk tools to identify
postmenopausal women aged 50 to 64 with osteoporosis by bone mineral density criteria.’
Crandall's subsequent analysis suggested that neither the USPSTF strategy nor other fracture
risk assessment tools adequately identified postmenopausal women aged 50 to 64 who went
on to have major osteoporotic fracture within 10 years.8

To estimate a time frame for occurrence of clinically relevant FRAX scores by age, we
conducted a retrospective competing risk analysis of serial FRAX scores in postmenopausal
women aged 50 and older followed for up to 18.6 years in the Women's Health Initiative
cohort. “Clinically relevant” scores were a treatment-level FRAX score to guide
pharmacologic therapy according to National Osteoporosis Foundation Guidelines,* or a
screening-level score to select postmenopausal women under age 65 who should have DXA
bone mineral density screening according to the USPSTF.> Based on two earlier studies of
postmenopausal women suggesting that the time to osteoporosis and time to fracture
decrease with increasing age,®1% we hypothesized that the time to treatment-level and
screening-level FRAX scores would also decrease with increasing age, with a more rapid
decrease after age 65.

Study participants

We studied 60,376 postmenopausal women (54,280 without and 6096 with bone mineral
density measurements) aged 50 and older without a hip or clinical vertebral fracture,
antifracture treatment or clinically relevant FRAX scores at baseline who participated in the
Women's Health Initiative Observational Study or placebo arms of the WHI Hormone
Therapy, Calcium/vitamin D and Dietary Modification Clinical Trials. We defined
“clinically relevant” as FRAX scores that warrant treatment by the 2014 National
Osteoporosis Foundation Guidelines* (10-year risk =3% for hip fracture or >20% for major
osteoporotic fracture) or warrant bone mineral density screening by the 2011 USPSTF
Osteoporosis Screening Recommendation Statement® (10-year risk =9.3% for major
osteoporotic fracture). Because the competing risk framework requires concurrent follow-up
of the primary endpoint and competing risks, the effective maximum length of follow-up for
this study was 18.6 years for participants without DXA measurements and 11.2 years for
those with DXA measurements. Details of the selection of the main cohort are shown in
Figure 1.

An additional 39,568 women had screening-level (17,967 without bone mineral density) or
treatment-level (20,362 without and 1239 with bone mineral density) FRAX scores at
baseline. Although these individuals were not eligible for the primary analysis, their fracture
incidence was estimated.
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The study protocol and consent forms for the WHI study were approved by the institutional
review boards for all participating institutions. The analysis protocol was reviewed and
approved by the Institutional Review Board of the University of North Carolina.

FRAX fracture risk scores

The FRAX calculation includes age, body mass index, history of previous low-trauma
fracture, parent who fractured hip, current smoking, history of oral glucocorticoid use,
rheumatoid arthritis, secondary cause of osteoporosis, alcohol use of 3 or more units per day
according to the algorithm developed by the University of Sheffield.! The FRAX version 3.8
multi-patient desktop application from the International Osteoporosis Foundation was used
to calculate 10-year risks of major osteoporotic and hip fracture, with and without bone
mineral density, in January 2014. All calculations were made using the US version of FRAX
for self-reported race; for patients categorized as “other race” or with missing self-reported
race, FRAX calculations for Caucasians were used. When applicable, femoral neck T-score
based on young white female norms was used in FRAX-with-BMD calculations.!!

Assessment of bone mineral density, fracture and medications

Outcomes

Women enrolled at the WHI Tucson/Phoenix, Pittsburgh and Birmingham clinical centers
had DXA bone density scans at the hip and anteroposterior—lateral spine to measure femoral
neck, total hip and lumbar spine bone mineral density using the Hologic DXA program.
Standard protocols for positioning and analysis were used by technicians trained and
certified by the DXA manufacturer and by the WHI DXA coordination center at the
University of California at San Francisco.12 An ongoing quality assurance program
monitored spine and hip phantom scans, reviewed a random sample and flagged problematic
scans. Hardware and software changes were tracked with in vitro and in vivo cross-
calibrations and by scans of calibration phantoms across instruments and clinical sites.

Self-reported fractures were verified by review of radiology, magnetic resonance imaging, or
operative reports by centrally trained physician adjudicators at the 3 WHI clinic sites that
measured bone mineral density. For fracture sites other than hip, local clinic physician-
adjudicated fractures were used. Final adjudication of hip fractures was performed centrally
by blinded WHI physician adjudicators. The agreement between central and local
adjudication for hip fracture was 94%.

Use of Food and Drug Administration—approved agents for the treatment of osteoporosis
(bisphosphonates including alendronate, risedronate or zoledronate; calcitonin; raloxifene;
parathyroid hormone) was assessed in the WHI Observational Study and WHI Extension
Hormone Use Update medication follow-up surveys. Use of denosumab (FDA-approved for
osteoporosis treatment in 2011) was not assessed.

Outcome metrics were based on Lee and Zelen's threshold method of defining an “optimal”
screening interval as the testing interval that identifies a predetermined fraction of the
expected number of cases in the screened population.13-14 By consensus decision, the
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clinician-investigator authors chose 10% as an acceptable threshold for asymptomatic risk
scores that suggest higher fracture risk.

Accordingly, the primary outcome for our analysis was the time for 10% of women in seven
age groups (50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80 and older) to develop a treatment-
level FRAX score (estimated 10-year risk =20% for major osteoporotic fracture or =3% for
hip fracture) prior to initiation of a Food and Drug Administration—approved antifracture
treatment, sustaining a first hip or clinical vertebral fracture or dying. The secondary
outcome was the estimated time for 10% of women aged 50 to 64 to develop a screening-
level FRAX score (estimated 10-year risk =9.3% for major osteoporotic fracture) prior to
initiation of antifracture treatment, sustaining a hip or clinical vertebral fracture or dying.
Because the purpose of the USPSTF's screening-level FRAX score is to select
postmenopausal women under age 65 who should be considered for DXA bone mineral
density testing, screening scores were always calculated without bone mineral density.

Osteoporosis was defined by World Health Organization (WHO) diagnostic criteria as a
bone mineral density T-score of —2.50 or below at the lumbar spine, femoral neck or total
hip, calculated using the National Health and Nutrition Examination Study I1l bone mineral
density norms for non-Hispanic white women aged 20-29.11.15.16 \While an expanded
definition of osteoporosis has been proposed elsewhere,1” we used osteoporosis by WHO
bone mineral density criteria to allow differentiation between the competing risk of
osteoporosis and a treatment-level FRAX score among the subset of WHI participants who
underwent bone mineral density testing.

Statistical analysis

In women without clinically relevant FRAX scores at baseline, competing risk analyses were
conducted to estimate the cumulative incidence functions for each age group for the time to
development of a treatment-level or screening-level FRAX score before hip or clinical
vertebral fracture, treatment initiation or death, and the corresponding intervals for 10% of
participants to make the transition to a treatment-level or screening-level FRAX score. The
competing risks were initiation of an antifracture agent, incident hip or clinical vertebral
fracture and death. The time origin was the first study visit including adequate
measurements to calculate a FRAX score, with follow-up continuing until the study
examination preceding death or drop-out. Parametric regression models!8 were fit to the
cumulative incidence of fracture using naive maximum likelihood analysis. The 10% time
intervals and associated confidence intervals were based on the competing risks quantile
methodology!® as implemented for parametric models by Lee and Fine.20 Covariate
adjustments were not performed because the most important potential covariates were
components of the FRAX risk score.

In women with treatment-level or screening-level FRAX scores at baseline, the time to
clinically relevant FRAX score could not be estimated before study entry. Instead, we
tabulated hip or clinical vertebral fracture incidence by end of follow-up in these
participants.

All analyses were performed using Statistical Analysis Software (SAS) 9.4.21
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Results

Characteristics of the main analytical cohort

Baseline characteristics of the 60,376 participants in the main cohort are shown in Table 1.
The mean baseline FRAX-without-bone-mineral-density (FRAX-without-BMD) scores
were below the treatment threshold, i.e. 10-year risks of 10.2% for major osteoporotic
fracture and 1.75% for hip fracture for women aged 65 and older and lower mean scores for
women aged 50 to 64. No participant reported use of raloxifene or parathyroid hormone
during follow-up.

Women aged 50 to 64 without clinically relevant FRAX scores at baseline

Estimated time to treatment-level FRAX-without-BMD score—Time to treatment-
level FRAX-without-BMD could not be estimated accurately in women aged 50 to 64 but
was likely longer than 18.6 years because it was an extrapolation beyond the maximum
follow-up time.

Estimated time to treatment-level FRAX-with-BMD score—The estimated times for
10% of women aged 50 to 64 without osteoporosis or hip or clinical vertebral fracture to
develop a treatment-level FRAX-with-BMD was likely longer than 11.2 years because rare
endpoint events led to extremely extrapolated values with confidence intervals that excluded
11.2 years.

Estimated time to screening-level FRAX-without-BMD score—Time to screening-
level FRAX-without-BMD could not be estimated accurately in women aged 50 to 54, but
was likely longer than 18.6 years because it was an extrapolation beyond the maximum
length of follow-up. The estimated time to a screening-level FRAX was 15.9 years (95% Cl,
14.8, 17.0) for women aged 55 to 59 and 6.3 years (95% Cl, 5.9, 6.7) for women aged 60 to
64 (Table 2).

Women aged 65 and older without clinically relevant FRAX scores at baseline

Estimated time to treatment-level FRAX-without-BMD score—The estimated time
to a treatment-level FRAX-without-BMD score was 5.4 years (95% Cl, 5.1, 5.7) for women
age 65 to 69, 2.9 years (95% Cl, 2.6, 3.3) for those age 70 to 74 and 3.7 (95% Cl, 2.4, 5.5)
for those aged 75 to 79 (Table 2).

Estimated time to treatment-level FRAX-with-BMD score—The unadjusted
estimated time for 10% of women to develop a treatment-level FRAX-with-BMD score
ranged from 7.6 years (95% Cl, 6.6, 8.7) for those aged 65-69 to 5.1 years (95% Cl, 3.5, 7.5)
for those aged 75 to 79, and could not be estimated for the 1 participant aged 80 or older
(Table 3).

Women with clinically relevant FRAX scores at baseline

An additional 39,568 women (not included in the tables) were not eligible for the main
analysis because they had a treatment-level or screening-level FRAX score at baseline.
Fracture incidence results for these women are presented by age group immediately below:
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Women aged 50 to 64—O0Of the 255 women aged 50 to 64 with treatment-level FRAX
scores at baseline, 26 (10.2%) had a hip or clinical vertebral fracture by end of study follow-
up. Of the 17,967 women aged 50 to 64 with screening-level FRAX scores at baseline, 100
(0.6%) experienced a hip or clinical vertebral fracture by age 65; their estimated time for
10% to develop a treatment-level FRAX score was 19.4 years (95% ClI 17.3, 21.7) for those
aged 55 to 59, and 6.1 years (95% CI 5.7, 6.6) for those aged 60 to 64. (This time could not
be calculated for those aged 50 to 54 due to rare incidence of the endpoint.)

Women aged 65 and older—Among the 21,346 women aged 65 and older with
treatment-level FRAX-with-BMD scores at baseline, 1517 (7.1%) had a hip or clinical
vertebral fracture during follow-up.

Discussion

We conducted a competing risk analysis of new occurrence of clinically relevant FRAX
scores in postmenopausal women aged 50 and older. The estimated time for 10% of women
to develop treatment-level FRAX fracture risk scores before osteoporosis or major
osteoporotic fracture was shorter when scores were calculated without bone mineral density
compared to with bone mineral density. Using FRAX-without-BMD for conservative time
estimates, approximately 10% of women 65 and older developed a treatment-level FRAX
within 3 to 5 years. Consistent with past studies, screening-level FRAX scores in
postmenopausal women aged 50 to 64 had low predictive ability due in large part to very
low rates of incident treatment-level risk scores within this age group.

Treatment-level FRAX scores in women aged 65 and older

We used a 10% fracture threshold to allow comparison to previously published estimates of
time to osteoporosis in women over age 65 with serial DXA bone mineral density testing.10
Among women aged 65 and older, the 3-to-5-year estimate of time to treatment-level FRAX
is similar to the bone mineral density screening intervals of 5 years or less for women with
bone mineral density T-scores < -1.50 in the previous study.1? These findings might offer a
rationale for concurrent use of DXA screening and FRAX scoring to maximize identification
of female treatment candidates aged 65 and older.

Screening-level FRAX scores in postmenopausal women aged 50 to 64

Previous studies suggested that the screening-level FRAX threshold recommended by the
US Preventive Services Task Force has low sensitivity to detect osteoporosis in
postmenopausal women aged 50 to 64.7:22 Accordingly, we found that postmenopausal
women aged 50 to 64 who developed a screening-level FRAX were unlikely to have a hip or
clinical vertebral fracture before age 65. Like past studies,”+® our results do not support
routine use of FRAX to identify candidates for screening in postmenopausal women aged 50
to 64.

FRAX has been incorporated into subspecialty and clinical practice guidelines with
recommended use in conjunction with bone mineral density testing.234 In 2011, the US
Preventive Services Task Force (USPSTF) recommended use of the screening-level FRAX
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score in postmenopausal women under age 65 but did not endorse the use of treatment-level
FRAX scores in the absence of randomized controlled trial data regarding this treatment
strategy.> We did not find data regarding US clinicians' familiarity with and use of FRAX;
however a 2013 mailed survey in Belgium suggested that one-third of general practitioners
who were assessed knew of the FRAX tool but less than 20% used it in their daily clinical
practice.2* The lack of RCT data to test the ability of FRAX-guided treatment to reduce
fracture events is a potentially correctable barrier to promoting broader awareness and
consideration of use of the FRAX tool in primary care practice settings.

Our study had several limitations. Because FRAX is validated for use in untreated patients
only,2% and because patients who are treated or who already have osteoporosis or fragility
fracture no longer meet the epidemiological definition of screened individuals,2® women
with past antifracture treatment, existing osteoporosis or hip or clinical vertebral fracture
were not eligible for the main analysis. We used US FRAX score thresholds; the results are
not generalizable to countries that use different score thresholds for treatment or screening
decisions. We could not calculate time estimates for women under age 55 because of their
rare incidence of clinically relevant FRAX scores; however the extreme extrapolations in
this group suggest that their time estimates would be longer than the maximum follow-up
time of 18.6 years (without bone mineral density) or 11.2 years (with bone mineral density)
in this study. The time estimates are means within age strata and do not reflect every woman
within the stratum, e.g., women with scores close to the cut point for screening-level or
treatment-level FRAX would have a shorter time to clinically relevant scores than women
with lower scores. FRAX scores were calculated using FRAX version 3.8. Since then in
versions 3.9 and 3.10 (current), models were added for 5 additional countries, but the US
version has remained the same. Strengths of the analysis include the large size of the cohort,
the long follow-up period including women with and without bone mineral density
measurements, use of time-to-event analysis to study the timing of a screening test, and
consideration of longitudinal FRAX scores instead of baseline scores only.

Conclusions

In conclusion, our results suggest that 10% of women aged 65 and older without treatment-
level FRAX scores at baseline may develop a treatment-level FRAX score within 3to 5
years. Although screening-level FRAX scores were common among postmenopausal women
aged 50 to 64, rare incidence of hip and clinical spine fractures before age 65 suggests that
routine FRAX scoring would be low-yield in this age range. A randomized trial of routine
use of FRAX scoring versus usual care could help clarify whether FRAX-guided therapy
can reduce fracture in postmenopausal women without osteoporosis by bone mineral density
criteria.
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Clinical Significance

Ten percent of women aged =65 developed a treatment-level FRAX by 3 to 5
years withoutbone density measurements, and 5 to 7 years with bone density
measurements.

Screening-level FRAX had low predictive ability in postmenopausal women
aged 50 to 64.

FRAX scores calculated without bone density were higher-risk than FRAX
scores calculatedwith bone density.
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161,808 postmenopausal women were screened for participation in the Women’s Health Initiative Clinical Trials (CT) or in
the Observational Study (OS)

41,640 were excluded
- 41,617 participated in the CT intervention arms
23 had age <50 at study screening

120,168 (74.27%) were aged 50 and older at baseline and participated in placebo arms of the CT or in the OS

217 were excluded
217 had an insufficient amount of risk factor data for a

FRAX calculation

111556 (68.9%) had at least one study
examination at which a FRAX fracture risk
score could be calculated but no examinations

with BMD

57,276 were excluded

1034 had hip fracture before baseline

1918 had a clnical spine fracture
before baseline

344 took calcitonin before baseline

2049 took bisphosphonate before
baseline

33 took raloxifene, teriparatide or
denosumab befofe baselin

11678 had onjy one examination with
non-missing FRAX score and did not
subsequently deyelop osteoporosis or
major osteoporofjc fracture, start
antifracture treatient or die before end
of follow-up

1891 <50 years of age

20362 had altreatment-level FRAX

A

8395 (5.2%) had

at least one study

examination at which a FRAX fracture risk
score with BMD could be calculated

2,229 were excluded
67 had hip fractur:
146 had a clinical

before baseline
19 took calcitonin
74 took bisphospl

baseline
0 took raloxifene,
denosumab before by
578 had only one
non-missing FRAX s
subsequently develo
major osteoporotic fr:
antifracture treatmen|
of follow-up
176 <50 years of
1239 had a treatn

e before baseline
lspine fracture

before baseline
onate before

eriparatidear .
aseline
lexamination with
ore and did not
osteoporosis or
acture, start

or die before end

age
lent-level FRAX

score at baseling score at baseline

17967 had ofly a screening-level
FRAX score at baseline

54,280 (33.5%) had a FRAX
score without BMD at two or
more examinations or one
exam prior to a competing risk
event, after baseline exclusions

6,096 (3.7%) had a FRAX score
with BMD at two or more
examinations or one exam prior
to a competing risk event, after
baseline exclusions

Figure 1. Study population for primary analyses of time to treatment-level or screening-level
FRAX risk score

Of the 111,556 women who did not have a DXA bone density test, 57,276 were excluded,
including those who had a past hip or clinical vertebral fracture or antifracture treatment
(bisphosphonate or calcitonin) at their first study examination, or who did not have adequate
data for a FRAX score calculation at two or more examinations, or one FRAX score and
subsequent development of a competing risk. In the cohort of 54,280 women with adequate
data for a FRAX-without-BMD score prior to censoring, two transitions were studied:
transition to treatment-level FRAX score (10-year estimated risk of major osteoporotic
fracture 220% or of hip fracture 23%), and transition to screening-level FRAX score (10-
year estimated risk of major osteoporotic fracture =9.3%). By a similar exclusion process,
6096 eligible participants who had at least one bone mineral density test were identified and
were studied for transition to treatment-level FRAX-with-BMD score. The 39,568 women
excluded for screening-level or treatment-level FRAX scores at baseline could not
participate in the main analysis, but their incidence of hip and clinical vertebral fracture was
examined.
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Baseline characteristics and follow-up time of the women studied to determine time to
clinically relevant fracture risk score

Characteristics at baseline

Did Not Have BMD Test

Had BMD Test

All participants (n=60,376)

(n=54,280) (n=6096)"

Mean age at baseline, mean + SD, y 60.52 + 6.33 61.55+6.73 60.63 + 6.38
BMI **kg/mz, mean + SD 28.62 +6.30 28.34 +5.98 28.60 + 6.27

25 17107 + 31.52 1969 + 32.30 19076 + 31.60

225 37173 + 68.48 4127 + 67.70 41300 + 68.40
Race no./ total no. (%)

White (non-Hispanic) 41868/54159 (77.31%) 4644/6087 (76.29%) 46512/60246 (77.20%)

African American 6857/54159 (12.66%) 953/6087 (15.66%) 7810/60246 (12.96%)

Asian 2152/54159 (3.97%) 24/6087 (0.39%) 2176/60246 (3.61%)

Hispanic 2664/54159 (4.92%) 437/6087 (7.18%) 3101/60246 (5.15%)

Other 618/54159 (1.14%) 29/6087 (0.48%) 647/60246 (1.07%)
Years of education no./ total no. (%)

Less than high school 2815/53830 (5.23%) 559/6048 (9.24%) 3374/59878 (5.63%)

High school/some college 28575/53830 (53.08%) 3558/6048 (58.83%) 32133/59878 (53.66%)

College/some graduate school 12289/53830 (22.83%) 1048/6048 (17.33%) 13337/59878 (22.27%)

Completed graduate school 10151/53830 (18.86%) 883/6048 (14.60%) 11034/59878 (18.43%)
Previous fracture after age 55 no./ total no. (%)

Yes 1168/39365 (2.97%) 411/4343 (9.46%) 1579/43708 (3.61%)

No 38197/39365 (97.03%) 3932/4343 (90.54%) 42129/43708 (96.39%)
Estrogen use no./ total no. (%)

Yes 7285/54244 (13.43%) 891/6067 (14.69%) 8176/60311 (13.56%)

Past 23571/54244 (43.45%) 2521/6067 (41.55%) 26092/60311 (43.26%)

Never 23388/54244 (43.12%) 2655/6067 (43.76%) 26043/60311 (43.18%)
Current smoker no./ total no. (%)

Current 3504/53733 (6.52%) 461/6012 (7.67%) 3965/59745 (6.64%)

Past 23014/53733 (42.83%) 2296/6012 (38.19%) 25310/59745 (42.36%)

Never 27215/53733 (50.65%) 3255/6012 (54.14%) 30470/59745 (51.00%)
Alcohol consumption (drinks per week) no./ total no. (%)

0 drinks per week 5799/53917 (10.76%) 1003/6045 (16.59%) 6802/59962 (11.34%)

<1 drinks per week 17976/53917 (33.34%) 1962/6045 (32.46%) 19938/59962 (33.25%)

1 to 6 drinks per week 13846/53917 (25.68%) 1245/6045 (20.60%) 15091/59962 (25.17%)

>7 drinks per week 6190/53917 (11.48%) 499/6045 (8.25%) 6689/59962 (11.16%)

Past drinker 10106/53917 (18.74%) 1336/6045 (22.10%) 11442/59962 (19.08%)

History of parent with hip fracture, no. (%)

Yes

4874 (8.98%)

1077 (17.67%)

5951 (9.86%)

No

49406 (91.02%)

5019 (82.33%)

54425 (90.14%)
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Characteristics at baseline

Did Not Have BMD Test

Had BMD Test

All participants (n=60,376)

(n=54,280) (n=6096)"
Rheumatoid arthritis no./ total no. (%)
Yes 2463 (4.54%) 309 (5.07%) 2772 (4.59%)
No 51817 (95.46%) 5787 (94.93%) 57604 (95.41%)
Current Oral glucocorticoid use, no. (%)
Yes 388 (0.71%) 54 (0.89%) 442 (0.73%)
No 53892 (99.29%) 6042 (99.11%) 59934 (99.27%)
Menopause duration mean + SD, y 7 12.89 +8.40 15.36 + 8.93 13.13 £ 8.48
Baseline FRAX 10-year fracture risk scores, mean + SD #
Major Osteoporotic Fracture 7.24 £3.27 7.98 +4.02 -
Age 50-64 at baseline 5.76 + 2.02 7.29 +4.00 -
Age =65 at baseline 10.23+3.26 9.28 +3.73 -
Hip fracture 091+0.75 0.71+£0.71 -
Age 50-64 at baseline 0.49+0.31 0.49 £ 0.55 -
Age =65 at baseline 1.75+0.67 1.12+0.79 -
Follow-up time, y
Mean + SD 1291 +3.84 13.16 £ 4.13 12.94 + 3.87
Minimum 1 day 7 days 1 day
Maximum 18.64 18.53 18.64

*
: Femoral neck, total hip and lumbar spine bone mineral density (BMD) was measured

Aok

: For 108 subjects, BMI was recorded after first bone mineral density test

f: Based on 47248 responses, 4981 responses and 52229 responses. “Major osteoporotic fracture” includes clinical spine, forearm, hip or proximal

humerus fracture.
7

: FRAX scores without BMD and with BMD for the respective groups without clinically relevant FRAX scores at baseline
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Table 2
Time to clinically relevant FRAX fracture risk scores in WHI participants without BMD
test
Baselirg;eigljz)ranges N for stratum Time for 10% of participants to have the event (years), accounting for competing risks™
Screening-level fracture risk score without Treatment-level fracture risk score
BMDT without BMD*
50 to 54 12027 -- -
55 to 59 12881 15.87 (14.80, 17.03) -
60 to 64 11340 6.29 (5.91, 6.70) -
65 to 69 13842 N/A 5.43 (5.14,5.73)
70to 74 3892 N/A 2.94 (2.64,3.27)
751079 298 N/A 3.67 (2.44,5.53)
=80 0 N/A -

*
competing risks: treatment, first hip or clinical vertebral fracture or death. Estimates greater than the maximum length of follow-up (18.6 years)
with 95% Cls excluding the maximum are not presented.

f(for baseline age 50 to 64 only) screening-level FRAX score of 10-year risk 29.3% for major osteoporotic fracture (hip, clinical spine, proximal
humerus, or wrist), calculated without BMD

’ttreatment—level FRAX score of 10-year risk 220% for major osteoporotic fracture or 23% for hip fracture (whichever is first) calculated without
BMD
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Table 3

Time to clinically relevant FRAX fracture risk scores in WHI participants with at least
one BMD test

Baseline age ranges (years)

N for stratum

Time for 10% of participants to develop treatment-level fracture risk score with BMD,
accounting for competing risks™

50 to 54 1128 -

55 to 59 1341 -

60 to 64 1497 -

65 to 69 1312 7.60 (6.64, 8.70)

70t0 74 664 6.94 (5.70, 8.44)

75t0 79 153 5.13 (3.53, 7.46)
>80 1 -

*
treatment-level FRAX score of 10-year risk 220% for major osteoporotic fracture or =3% for hip fracture calculated with BMD. Estimates greater
than the maximum length of follow-up (11.2 years) with 95% Cls excluding the maximum are not presented.

Competing risks: osteoporosis by BMD criteria, treatment, first hip or clinical vertebral fracture or death.
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