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Abstract

The optimal approach to osteoporosis screening and treatment in postmenopausal women is 

unclear. We compared 1) the United States Preventive Services Task Force (USPSTF) and 

Osteoporosis Canada osteoporosis screening strategies; and 2) the National Osteoporosis 

Foundation (NOF) and Canadian treatment strategies. We used data from the prospective Women’s 

Health Initiative Observational Study and Clinical Trials of women aged 50–79 years at baseline 

(n=117,707 followed for self-reported fractures; n = 8,134 in bone mineral density [BMD] subset). 

We determined the yield of the screening and treatment strategies in identifying women who 

experienced major osteoporotic fractures (MOF) during 10-year follow-up. Among women aged 

50–64 years, 23.1% of women were identified for BMD testing under the USPSTF strategy and 

52.3% under the Canadian strategy. For women ≥65 years, 100% were identified for testing under 

the USPSTF and Canadian strategies, 35–74% were identified for treatment under NOF, and 16–

37% were identified for treatment under CAROC (range among 5-year age subgroups). Among 

women who experienced MOF during follow-up, the USPSTF strategy identified 6.7% of women 

50–54 years-old and 49.5% of women 60–64 years-old for BMD testing (versus 54.4% and 60.6% 

for the Canadian strategy, respectively). However, specificity of the USPSTF strategy was higher 

than that of the Canadian strategy among women 50–64 years-old. Among women who 

experienced MOF during follow-up, sensitivity for identifying women as treatment candidates was 

lowest for both strategies in women aged 50–64 (NOF 10–38%; CAROC 1–15%) and maximal in 

75- to 79-year-old women (NOF 82.8%; 51.6% CAROC); specificity declined with advancing age 

and was lower with the NOF than the CAROC strategy. Among women aged 50–64 years, the 

screening and treatment strategies examined had low sensitivity for identifying those who 

subsequently experience MOF; sensitivity was higher among women ≥65 years than among 

younger women. New screening and treatment algorithms are needed.
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Introduction

Up to one out of every two postmenopausal women will experience a fragility osteoporosis-

related fracture at some point in her lifetime.(1) Low bone mineral density (BMD) is a strong 

risk factor for fragility fracture.(2) The combination of clinical risk factors and BMD provide 

higher sensitivity and specificity then either alone for the prediction of osteoporotic 

fractures.(3) The Fracture Risk Assessment Tool, FRAX, is a web-based clinical tool that 

uses individual clinical risk factors and femoral neck BMD to predict the 10-year risk of hip 

fracture and major osteoporotic fracture (MOF; clinical spine, forearm, hip or shoulder 

fracture).(4) The use of FRAX has been integrated into screening guidelines for younger 

women, and into treatment guidelines.

In the context of screening, the USPSTF osteoporosis screening guideline recommends the 

use of a formal clinical risk assessment tool among postmenopausal women aged between 
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50 and 64 years to identify candidates for receipt of BMD testing.(2) Specifically, the 

USPSTF states that “one approach is to perform bone measurement testing in 

postmenopausal women younger than age 65 years who have a 10-year FRAX risk (without 

BMD) of MOF greater than that of a 65-year-old white woman without major risk factors”-

i.e. greater than 8.4%. (Appendix Table 1a).(2) In contrast, among women aged 50–64 years, 

the Canadian strategy recommends BMD testing in women with specific clinical risk factors 

(Table 1, Appendix Table 1b).(5) Therefore, unlike USPSTF, Canada does not currently 

recommend the use of a risk assessment tool for screening decisions for younger 

postmenopausal women. Both the USPSTF and Canadian screening guidelines recommend 

BMD testing for women ≥ 65 years, regardless of their FRAX scores.

In the context of treatment, the National Osteoporosis Foundation (NOF) approach uses 

FRAX to guide treatment decisions, but only in the women who have BMD T-scores 

between −1 and −2.5 (Table 2). Specifically, for women aged ≥50 years with BMD T-score 

between −1 and −2.5, the NOF guidelines recommend pharmacotherapy if 10-year FRAX-

predicted risk is ≥3% for hip fracture or ≥20% for MOF.(1) In contrast, for women over age 

50 years who meet guidelines for BMD testing, the Osteoporosis Canada approach endorses 

a simplified semiquantitative tool derived from FRAX known as Canadian Association of 

Radiologists and Osteoporosis Canada (CAROC) as the preferred national risk assessment 

system.(6) CAROC uses age, femoral neck BMD, a history of prior fragility fracture, and a 

history of prolonged glucocorticoid use to stratify women into three zones of MOF risk 

within 10 years: low (< 10%), moderate (10%–20%) and high (> 20%).(5) Women in the 

high-risk CAROC category, those with prior fractures indicating high risk (hip fracture, 

vertebral fracture, or more than one fragility fracture) and certain women at moderate risk 

for MOF (depending on certain clinical characteristics), should be considered for 

pharmacotherapy. Women in the low risk category should not usually be considered for 

pharmacotherapy.

Given the high prevalence of osteoporosis among postmenopausal women and the recent 

plateau in the decline in hip fracture rates in the U.S.(7,8), it is relevant to examine 

alternatives to current U.S. osteoporosis screening and treatment strategies. To our 

knowledge, these screening strategies (USPSTF and Canadian) and treatment strategies 

(NOF and Canadian) have never been compared in detail in a large prospective cohort of 

U.S. postmenopausal women. The goals of this project were to compare the proportions of 

women identified for BMD testing under the USPSTF and Canadian screening strategies, 

the proportions of women identified for treatment under the NOF and Canadian strategies, 

and the sensitivity and specificity of the screening and treatment strategies in identifying 

women who subsequently experienced osteoporotic fractures during follow-up.

Methods

The Women’s Health Initiative (WHI) Study Participants

Between 1993 and 1998, the WHI enrolled 161,808 postmenopausal women aged 50–79 

years at 40 Clinical Centers throughout the United States. The WHI study methods have 

been previously described.(9) Participants were free from serious cardiac, pulmonary, renal, 

and hepatic conditions and had at least three years’ life expectancy. The WHI Clinical trials 
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evaluated three distinct interventions: a low-fat eating pattern, hormone therapy (HT), and 

calcium and vitamin D supplementation. The Women’s Health Initiative Observational 

Study examined the predictors and natural course of important causes of morbidity and 

mortality in postmenopausal women. To compare the U.S. and Canadian screening 

strategies, we examined data from all participants of the WHI Clinical Trials and 

Observational Studies.

To assess treatment strategies, which requires knowledge of BMD values, we used 

information from a subset of the WHI participants who participated in the WHI Bone 

Density Substudy. In the WHI Bone Density Substudy, participants at three of the 40 WHI 

clinical centers (Tucson/Phoenix, Arizona; Pittsburgh, Pennsylvania; and Birmingham, 

Alabama; n = 10,833) underwent hip and anteroposterior lumbar spine dual-energy x-ray 

absorptiometry on a Hologic QDR2000 or 4500 W machine (Hologic) at the time of 

enrollment. Standard protocols were used for positioning and analysis. Quality assurance 

procedures included cross-clinic hip and spine phantom scans, further evaluation of scans 

with specific problems, and review of a random sample of all scans.(10) Of these, 8,134 

participants provided at least 10 years of follow-up, information required for the NOF 

algorithm, and were not taking exclusionary medications.

Of the 161,808 participants of the WHI Observational Study (WHI-OS) and WHI Clinical 

Trials (WHI-CT), we excluded data from 1) participants using osteoporosis medications 

(bisphosphonates, calcitonin, parathyroid hormone, selective estrogen receptor modulators) 

or somatostatin agents at baseline (n = 3,660) and 2) participants providing fewer than 10 

years of exposure time (without experiencing a fracture event)(n = 40,441)(Supplemental 

Figure 1). The final study sample consisted of 117,707 women for comparison of the 

screening strategies and 8,134 (the subset of women for whom BMD information was 

available, see below) for comparison of the treatment strategies. We did not exclude 

participants who were HT users, but we accounted for HT use in sensitivity analyses.

Information regarding demographic information, osteoporosis risk factors, fracture prior to 

WHI enrollment, medical history, reproductive history, and medication use was collected on 

baseline self-assessment questionnaires. Weight and height were measured at baseline using 

standardized protocols.(9) Each institution obtained human subjects committee approval. All 

participants provided written informed consent.

Ascertainment of Incident Fractures

Fractures were self-reported by participants on annual (WHI-OS) and semi-annual (WHI-

CT) questionnaires. Participants were asked: “Has a doctor told you for the first time that 

you have a new broken, crushed, or fractured bone? Which bone did you break?” Response 

choices included: hip, upper leg (not hip), pelvis, knee (patella), lower leg or ankle, foot (not 

toe), spine or back (vertebra), lower arm or wrist, hand (not finger), elbow, and upper arm or 

shoulder.

All hip fractures were subsequently medical record-confirmed by study physicians; other 

fractures were self-reported. We defined major osteoporotic fracture as clinical spine, hip, 

lower arm/wrist, or upper arm fracture.
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Calculation of 10-year predicted absolute risk of fracture using FRAX

The FRAX-predicted 10-year absolute risk of MOF (with and without BMD information) 

and hip fractures (with BMD information) were calculated for each participant by the World 

Health Organization (WHO) Collaborating Centre for Metabolic Bone Disease, using the 

race-specific FRAX tool (U.S. FRAX version 3.0).(11–13)

Assessment of Candidates for BMD testing

Information regarding osteoporosis risk factors (FRAX risk factors and risk factors included 

in the Canadian screening guideline [Table 1]) was obtained from baseline self-assessment 

questionnaires.

As recommended by the USPSTF and Canadian guidelines, all women ≥ 65 years were 

considered candidates for BMD testing. As suggested by the USPSTF screening strategy, 

women aged 50–64 years with FRAX-predicted 10-year MOF risk ≥ 8.4% (using FRAX 

without BMD) were classified as candidates for BMD testing.(2) For the Canadian screening 

strategy, women aged 50– 64 years were classified as candidates for BMD testing if they had 

any of the clinical risk factors listed in Table 1.(5) Supplemental Tables 1a and 1b provide a 

detailed description of risk factor variables in the screening strategies. In the WHI study, 

because of the questionnaire wording, we could only ascertain current glucocorticoid use at 

baseline rather than use in the past year as stated in the Canadian strategy. Questionnaires 

asked about self-reported previous fractures since the age of 55, whereas the Canadian 

strategy ascertains fragility fracture after age 40.

Assessment of Treatment Candidates

For the Canadian strategy, we referenced the CAROC risk table that classifies MOF risk into 

low-, moderate-, and high-risk categories according to age and femoral neck BMD T-score 

category (Supplemental Table 2a).(5) The presence of a prior fragility fracture after age 40 or 

recent prolonged use of systemic glucocorticoids increases fracture risk into the next highest 

category independent of BMD. Those with a prior hip fracture, vertebral fracture, or more 

than one fragility fracture are considered to be in the high risk category, regardless of BMD 

or the presence or absence of other risk factors.(5) All women with high fracture risk were 

classified as treatment candidates. Women with moderate fracture risk were classified as 

treatment candidates if they had additional clinical risk factors (Table 2).

For the NOF strategy, participants were classified as pharmacotherapy candidates if they met 

one of the following criteria: 1) BMD T-score ≤ −2.5 at the lumbar spine, femoral neck, or 

total hip, or 2) a combination of a BMD T-score between −1 and −2.5 at the lumbar spine, 

femoral neck, or total hip and a 10-year FRAX-predicted risk ≥3% for hip fracture or ≥20% 

for MOF.(1) A detailed description of risk factor variables in the treatment strategies is 

presented in Supplemental Tables 2b and 2c.

Statistical Analysis

For the USPSTF and the Canadian screening strategies, we calculated the proportion of 

women who were classified as candidates for BMD testing at baseline. Similarly, we 

calculated the proportion of women who would have been classified as osteoporosis 
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pharmacotherapy candidates under the NOF and the Canadian treatment strategies. Next, in 

our primary analyses, we determined the yield of each strategy in identifying women for 

whom BMD testing and consideration of drug therapy may be appropriate. Specifically, 

among the women who experienced incident MOF during the 10-year follow-up period, we 

calculated the sensitivity, specificity, and positive predictive value (PPV) of the two 

strategies for the identification of screening and treatment candidates. Sensitivity of the 

screening strategies was calculated as the number of women with incident MOF who 

qualified for BMD testing divided by the total number of women with incident MOF. 

Specificity of the screening strategies was calculated as the number of women without 

incident MOF who did not qualify for BMD testing divided by the total number of women 

without incident MOF. Similar formulas were used for the treatment strategies.

We made the a priori decision to stratify the sensitivity and specificity of the two strategies 

for the identification of candidates for BMD testing, and treatment candidates, by race/

ethnicity and 5-year age group, using chi-square tests to compare the proportions of women 

identified for BMD testing or treatment within age strata. We also decided a priori to 

separately examine the sensitivity and specificity of the screening and treatment strategies in 

the subset of women with BMD T-score ≤ −2.5.

In a sensitivity analysis, we repeated the above-described analyses after excluding data from 

participants who reported initiating osteoporosis medication any time during study follow-

up. In additional sensitivity analyses, we stratified our results according to baseline use vs. 

non-use of HT. We defined HT users as those who self-reported HT use at baseline or were 

assigned to receive HT in the WHI Hormone Therapy Trial.

All statistical analyses were performed using SAS for Windows Version 9.4 (SAS Institute 

Inc., Cary, NC). P values < 0.05 were regarded as statistically significant.

Results

At baseline, mean (standard deviation [SD]) participant age was 62.7 (7.1) years, body mass 

index was 27.8 (5.8) kg/m2, 86.0% of the 117,707 participants were white, 31.5% had fallen 

at least once in the year prior to baseline, and 8.6% of participants reported a fracture prior 

to the baseline WHI study visit (Table 3).

The proportion of women identified for BMD testing by the screening strategies

Among women aged 50–64, the USPSTF strategy identified 23.2% (16,136/69,687) and the 

Canadian strategy identified 52.5% (36,586 / 69,687) for BMD testing. Both the NOF and 

Canadian strategies identified 100% of women aged ≥65 years for BMD testing (because 

both strategies advocate BMD testing in all women aged ≥65 years).

Performance of screening strategies in women with incident MOF

Among women aged 50–64 years who experienced MOF during the 10-year follow-up 

period, the USPSTF screening strategy would have identified 7% of women 50–54 years-

old, and 50% of women 60–64 years-old, for BMD testing at baseline (Table 4).
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In contrast, among women who experienced MOF during follow-up, the Canadian screening 

strategy would have identified 54% of women 50–54 years-old, and 61% of women 60–64 

years-old, for BMD testing at baseline. For each age subgroup (50–54 years and 60–64 

years), the Canadian strategy identified significantly more women who experienced MOF 

during follow-up than the USPSTF strategy (chi-square p-value <0.001 for both age groups). 

Conversely, among women 50–64 years-old who experienced MOF during follow-up, the 

specificity of the USPSTF strategy for identifying BMD testing candidates was consistently 

higher than that of the Canadian strategy. The PPV of both screening strategies was low, 

16% for USPSTF and 14% for the Canadian strategy, and was lowest in the women aged 

50–54 years.

In the younger women with BMD T-score ≤ −2.5, the Canadian screening strategy would 

have identified a much larger proportion for BMD testing than would the USPSTF strategy 

(Supplemental Table 3). For example, among women aged 50–54 years, the sensitivity was 

5% for the USPSTF strategy and 67% for the Canadian strategy for identifying women with 

T-score ≤ −2.5 as BMD testing candidates (chi-square P value <0.001). Among women aged 

50–64 years with a BMD T-score ≤ −2.5, 23% of women were identified for BMD testing 

under the USPSTF strategy, whereas a higher proportion (52%) were identified for BMD 

testing under the Canadian strategy.

Among women ≥ 65 years with a BMD T-score ≤ −2.5, 100% of women were identified for 

BMD testing under both strategies- both strategies advocate routine BMD testing in this age 

group. As a result, for women aged ≥ 65 years, specificity was 0% for both strategies.

Identification of women with incident MOF as treatment candidates

Among women aged 50–64 years, the NOF treatment strategy identified a larger proportion 

of women for drug treatment to prevent fractures (16%) than did the Canadian treatment 

strategy (3%) (chi-square P value <0.001). Among women aged 65 years and over, the NOF 

strategy also identified a larger proportion of women for drug treatment to prevent fractures 

45% than did the Canadian strategy (21.3%) (chi-square P value <0.001).

Among all women aged ≥ 50 years who experienced MOF during the 10-year follow-up 

period, the NOF strategy had a higher sensitivity for identifying them as treatment 

candidates at baseline, but the sensitivity was low for both strategies (NOF 50%; Canadian 

25%)(Table 5). Specificity was higher for the Canadian strategy than for the NOF strategy.

Among 406 women aged 50–64 years who subsequently experienced incident MOF, the 

NOF strategy identified 119 (29%), and the Canadian strategy identified 35 (9%) women for 

treatment. The sensitivity of the treatment strategies increased with age to a maximum of 

83% for the NOF strategy and 52% for the CAROC-based strategy among women aged ≥ 65 

years. Conversely, specificity of both strategies decreased with age.

Of the women aged 50–64 who had BMD T-score between −1 and −2.5, 3% (76/2439) met 

the NOF criteria for treatment according to FRAX-predicted fracture risk thresholds (≥3% 

hip fracture risk and/or ≥20% MOF risk).
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Sensitivity analyses: Race/ethnicity and HT use

In a sensitivity analysis, the sensitivity of each of the strategies for identifying high-risk 

screening and treatment candidates (i.e., women who experienced MOF during study follow-

up, women with BMD T-score ≤−2.5) was lower in users than in non-users of HT at baseline 

(Supplemental Table 4). The lower sensitivity of the screening strategies in HT users than in 

HT nonusers occurred largely because HT use was confounded by age, i.e. HT users were 

younger than nonusers of HT. Stratification by age subgroup removed the differences in 

sensitivity of the screening strategies between HT users and nonusers (Supplemental Table 

5).

The pattern of lower sensitivity for the USPSTF strategy than for the Canadian strategy for 

identifying high-risk groups of women to receive BMD testing at baseline was present for 

both HT users and non-users. In addition, the pattern of higher sensitivity of the NOF 

strategy than the Canadian strategy in identifying high-risk women as being treatment 

candidates was present for both users and non-users of HT at baseline.

Figure 1 illustrates the ability of the two strategies to identify for initial BMD testing the 

women aged 50–64 years who subsequently experienced incident MOF during the 10-year 

follow-up period, stratified by race/ethnicity. Among women aged 50–64 years, the 

sensitivity was low for all racial/ethnic groups. The sensitivity of the USPSTF screening 

strategy was higher (and specificity was lower) for white women than for women in other 

racial/ethnic groups. In contrast, there were no evident differences in sensitivity or 

specificity of the Canadian screening strategy across racial/ethnic categories.

For identifying women who experienced incident MOF during the 10-year follow-up period 

as treatment candidates, although the sensitivity of both strategies was low, the sensitivity of 

the NOF strategy was lower in Hispanic women than for white or African American women; 

in contrast, the sensitivity of the Canadian strategy was lower in African American women 

than in white or Hispanic women, in both the younger (Supplemental Figure 2a) and older 

(Supplemental Figure 2b) age groups.

Discussion

This study examined two screening and two treatment strategies for osteoporosis in a large 

prospective cohort of postmenopausal women. The careful assessment of current screening 

and treatment guidelines is particularly important given the recent plateau in the decline in 

hip fracture rates in the U.S.(8) Among women aged 50–64 years, the USPSTF osteoporosis 

screening strategy identified a much lower proportion of women for BMD testing than did 

the Canadian strategy. Of the women aged 50–64 years who actually experienced incident 

MOF during the 10-year study follow-up, the Canadian strategy identified a higher 

proportion for BMD testing than the USPSTF strategy but this greater sensitivity was 

accompanied by lower specificity. For the identification of treatment candidates among 

women aged 50–64 years, neither strategy performed well, but the NOF strategy identified a 

higher proportion for treatment among the women who subsequently experienced incident 

MOF than did the Canadian strategy. However, the higher sensitivity of the NOF strategy 
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was balanced by its poorer specificity. The strategies performed more favorably in women 

aged ≥ 65 years.

To our knowledge, no previously published studies in the U.S. have compared the potential 

implications of applying the U.S. and Canadian osteoporosis screening and treatment 

guidelines in a large cohort of U.S. young postmenopausal women. Although it did not 

compare Canadian and U.S. screening or treatment strategies, one Canadian study did 

examine potential implications of using CAROC versus FRAX in relation to numbers of 

persons at high-risk for fracture who would be candidates for treatment.(14) In the large 

Canadian Manitoba Registry Cohort of men and women aged 50 and older (mean follow-up 

of 9.8 years for incident fractures), FRAX and CAROC were used to classify 10-year major 

osteoporotic fracture risk into categories (<10%, 10–20%, and >20%) in persons referred for 

osteoporosis screening.(14) In that study, moving from CAROC to FRAX resulted in a 

significant improvement in risk classification, i.e. in fracture risk prediction.(14) Although 

the Manitoba study did not report results for the subgroup of women aged 50–64 separately, 

the improvement in risk classification in moving from CAROC to FRAX was evident among 

women and among all persons <65 years old.(14) The same report also examined the 

potential treatment implications of using FRAX instead of CAROC. On the assumption that 

only persons at high risk would be treated, the use of FRAX versus CAROC would result in 

statistically significant improvement in the net reclassification index (i.e. more accurate 

identification of potential treatment candidates).(14) The Manitoba study focused on MOF 

probability and did not apply all NOF criteria.

One likely factor that contributes to the observed low positive predictive value of the 

screening and treatment strategies among women aged 50–64 years in this study is the low 

absolute incidence of fracture among women aged 50–64 years. Positive predictive value 

decreases as absolute fracture incidence decreases. Future studies should test whether 

measurement of trabecular bone score (TBS), a texture measure derived from the lumbar 

spine DXA image which has been associated with fracture risk independently of BMD in 

several cohorts, may be beneficial in refining the selection of treatment candidates in this 

age group.(15)

Our findings have the potential to challenge clinical paradigms and inform clinical 

guidelines in the field of osteoporosis. The sensitivity of the screening strategies to identify 

women aged 50–64 years who experienced MOF during the follow-up was low for both the 

USPSTF and the Canadian screening strategies. Sensitivity was especially low among 

women between 50 and 54 years-old (7% for USPSTF, 54% for the Canadian strategy), 

although low sensitivity was counterbalanced by high specificity (96% for USPSTF, 49% for 

Canadian strategy). Also, both screening strategies had low sensitivity to identify women 

aged 50–64 years-old who had BMD T-scores ≤ −2.5.

In the current study, our results differed across racial/ethnic groups. Among women aged 

50–64 years, the sensitivity of the USPSTF screening strategy in identifying for BMD 

testing the women who subsequently experienced MOF during the 10-year follow-up period 

was higher, and specificity was lower, for white women than for women in other racial/

ethnic groups. The sensitivity of the treatment strategies for identifying women who 
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experienced MOF during follow-up also varied by race/ethnicity, with lower sensitivity in 

Hispanic women for the NOF strategy and lower sensitivity in African American women for 

the CAROC treatment strategy.

Current screening strategies for young postmenopausal women do not separately consider 

HT users, but the lower sensitivity of the screening strategies in HT users than in HT 

nonusers in the current study indicates that such consideration may be warranted. Although 

the prevalence of HT use is lower now than at the time WHI was initiated, our results 

suggest that screening strategies for younger postmenopausal women need reevaluation. The 

lower sensitivity of the screening strategies in HT users than in HT nonusers occurred 

largely because HT use was confounded by age. That is, HT users were younger than 

nonusers of HT. Stratification by age subgroup removed the differences in sensitivity of the 

screening strategies between HT users and nonusers.

Although we found that the USPSTF and Canadian strategies had low sensitivity for 

identifying for BMD testing the women who would subsequently experience MOF, there are 

other currently-available models that predict who has BMD T-score ≤−2.5 or who will 

fracture. Besides FRAX, the Osteoporosis Self-Assessment Tool (OST) is another tool 

recommended for osteoporosis risk assessment by the USPSTF guideline.(2) In our prior 

study, OST score <2 identified 80% of women aged 50–64 years who had femoral neck 

BMD T-score −2.5.(12) Therefore, the use of OST may be a reasonable strategy for 

identification of young postmenopausal women with BMD T-score in the osteoporotic 

range.

Our study has several strengths, including the large number of study participants, the 

collection of detailed information regarding osteoporosis risk factors, information regarding 

the anatomical location of fractures, the objective measurements of height and weight, and 

the prospective study design providing incident fracture data over 10 years of follow-up.

Our study has limitations. Although the study cohort was well-characterized with regard to 

osteoporosis risk factors, certain information included in the Canadian screening and 

CAROC-based risk-assessment algorithms was not collected in the WHI. For example, for 

women aged 50–64 years, the Canadian guideline suggests screening of women with 

fragility fracture after age 40 years. However, the WHI data only allowed us to ascertain 

whether fractures prior to baseline occurred < age 55 years or ≥ age 55 years, and the WHI 

questionnaire items did not differentiate between fragility and non-fragility fractures. 

Sixteen percent of participants reported fracture (excluding finger and toe fracture) prior to 

age 55 on their baseline questionnaires. It is difficult to predict the potential influence of the 

lack of information on fracture between ages 40 and 55 years on our results, but this may 

have caused our results regarding the sensitivity of the Canadian screening strategy to be 

falsely lowered. Also, the use of glucocorticoids by WHI participants was only captured if 

the participants reported currently taking glucocorticoids at the baseline visit, whereas the 

Canadian guideline considers prolonged current or previous (at least 3 months during the 

previous year) use of glucocorticoid therapy (daily prednisone-equivalent dose 7.5 mg or 

greater) as a risk factor. WHI did not collect information regarding hyperparathyroidism, 

type I diabetes, osteogenesis imperfecta, uncontrolled hyperthyroidism, or Cushing’s 
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disease. We believe that these limitations were not likely to have substantial influence on our 

results because the overall prevalence of these conditions would be low. Finally, future 

studies are needed to address the dilemma that initiation of antiresorptive therapy in women 

aged 50–64 years may result in duration-dependent adverse effects (e.g. atypical femoral 

fractures) that may lead clinicians to recommend discontinuation of pharmacotherapy as 

these women reach older age, when they are at especially higher risk of fracture.

In conclusion, current osteoporosis screening and treatment guidelines (USPSTF, NOF, 

Canadian) have low sensitivity in identifying younger postmenopausal women who 

subsequently experience MOF. The Canadian screening strategy has a higher sensitivity (but 

lower specificity) than the USPSTF screening strategy for identifying for BMD testing the 

women who will subsequently experience MOF. In contrast, the U.S. NOF treatment 

strategy has a higher sensitivity (but lower specificity) than the Canadian treatment strategy 

for identifying for therapy the women will subsequently experience MOF. Our findings 

highlight the difficulty in developing validated osteoporosis screening and treatment 

strategies that show acceptable performance in women age 50–64 years. New screening and 

treatment algorithms are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Identification of women aged 50–64 years who experienced major osteoporotic fractures 

during study follow-up: Sensitivity and specificity of screening strategies by race/ethnicity. 

USPSTF = United States Preventive Service Task Force; PPV = positive predictive value
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Table 1.

Criteria for Identifying Women for Bone Mineral Density Testing Under Each Screening Strategy*

Age group USPSTF strategy Canadian strategy

50–64 years FRAX-predicted risk of 
major osteoporosis fracture 
≥8.4% (using FRAX 
without bone density 
information)

Based on presence of one or more clinical risk factor:

•
fragility fracture after age 40

†

• Prolonged glucocorticoid use (≥3 months in prior year of prednisone equivalent 
dose ≥7.5 mg daily)

• Parental hip fracture

• Aromatase inhibitor use

•
Vertebral fracture

‡

• High alcohol intake (≥3 units/day)

• Current smoking

• Low body weight (<60 kg)

•
Major weight loss (>10% of weight at age 25)

§

• Other disorders strongly associated with osteoporosis**

≥65 years Routine screening Routine screening

*
USPSTF denotes United States Preventive Services Task Force; FRAX denotes Fracture Risk Assessment Tool. Strategies are applicable to 

women without prior fragility fracture.

†
Any self-reported fracture ≥55 years of age

‡
≥55 years of age

§
We did not have information regarding participant weight at age 25, so we substituted information regarding >10% weight loss of weight since 

age 35 years

**
Disorders include rheumatoid arthritis (self-reported), premature menopause (≤45 years-old), using a special diet for gastrointestinal disorders 

(malabsorption, celiac sprue, ulcerative colitis, or Crohn’s disease), liver disease, emphysema, or chronic bronchitis
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Table 2.

Criteria for Identifying Women for Treatment under Each Strategy*

NOF strategy CAROC-based Canadian strategy
†

At least one of the following”

• Prior hip fracture

• Prior vertebral fracture

• BMD T-score ≤−2.5 at the femoral neck, 
total hip, or lumbar spine by dual-energy 
X-ray absorptiometry

• BMD T-score between −1 and −2.5 in 
addition to having 10-year FRAX-
predicted fracture risk of:

– ≥3% for hip fracture and/or

– ≥20% for major osteoporotic 

fracture
‡

At least one of the following:

• High 10-year predicted major osteoporotic fracture risk (>20%) 
based on age and femoral neck BMD T-score (CAROC risk tables)

• Prior fragility fracture of hip

• Prior fragility fracture of spine

• More than one fragility fracture (excluding head/neck, hands/feet, 
ankle)

• Moderate 10-year predicted major osteoporotic fracture risk (10%
−20%) based on age and femoral neck BMD T-score (CAROC risk 
tables) plus at least one additional factor:

– Previous wrist fracture if T-score ≤−2.5

– Lumbar spine T-score much lower than femoral neck T-

score
§

– Aromatase inhibitor therapy

– Long-term or repeated glucocorticoid use other than the 
“high risk” pattern noted in screening strategy (see 
Table 1)

– ≥2 falls in past 12 months

– Other disorders strongly associated with osteoporosis, 

rapid bone loss, or fractures**

*
NOF denotes National Osteoporosis Foundation; CAROC denotes Canadian Association of Radiologists and Osteoporosis Canada; BMD denotes 

bone mineral density; FRAX denotes fracture risk assessment tool

†
Fragility fracture after age 40 or recent prolonged glucocorticoid use increases the CAROC-based risk by one category (i.e. from low to moderate 

or moderate to high risk).

‡
Major osteoporotic fracture includes clinical spine, forearm, hip or humerus fracture

§
We operationalized this by using ≥1.0 SD discrepancy.

**
See the disorders listed in Table 1.
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Table 3.

Baseline Characteristics of both the Overall and BMD samples*

Baseline Characteristic Overall Sample (n=117707) BMD Subset (n=8134)

n % n %

Age, years

 50–54 16699 14.2 1287 15.8

 55–59 24898 21.2 1687 20.7

 60–64 28090 23.9 1831 22.5

 65–69 25534 21.7 1774 21.8

 70–74 16289 13.8 1149 14.1

 75–79 6197 5.3 406 5.0

Race/Ethnicity

 Black 8659 7.4 922 11.3

 Hispanic 3531 3.0 447 5.5

 White 101174 86.0 6617 81.4

 Other / unknown 4343 3.7 148 1.8

Body mass index, kg/m2

 < 25 41688 35.4 2678 32.9

 25 - < 30 41046 34.9 2898 35.6

 ≥ 30 33967 28.9 2514 30.9

Smoking, current

 Yes 7263 6.2 575 7.1

Alcohol Use, current (≥1 drink/month)

 Yes 85534 72.7 5192 63.8

Hormone Therapy Use
†

 Yes 58316 49.5 3801 46.7

≥1 Fall in the Past Year

 Yes 14177 31.5 2416 29.7

Parental History of Hip Fracture

 Yes 15171 12.9 986 12.1

Early menopause (<45 years)

 Yes 24127 20.5 1930 23.7

Low lumbar spine BMD T-score relative to femoral neck T-score
‡

 Yes 1094 0.9 1094 13.4

Major weight loss (>10% of weight at age 25)

 Yes 1421 1.2 91 1.1

History of fracture ≥ age 55

 Yes 10090 8.6 647 8.0

History of rheumatoid arthritis
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Baseline Characteristic Overall Sample (n=117707) BMD Subset (n=8134)

n % n %

 Yes 5100 4.3 366 4.5

History of malabsorption

 Yes 376 0.3 24 0.3

History of liver disease

 Yes 2790 2.4 224 2.8

History of chronic obstructive pulmonary disease

 Yes 3575 3.0 239 2.9

Glucocorticoid Use

 Yes 792 0.7 57 0.7

*
BMD denotes bone mineral density

†
Self-reported at baseline or assignment to active hormone therapy group in the Women’s Health Initiative Hormone Therapy Trials

‡
Lumbar spine T-score at least 1SD lower than femoral neck T-score
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