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Abstract

BACKGROUND: Fractures associated with postmenopausal osteoporosis (PMO) are associated 

with pain, disability, and increased mortality. A recent, nationwide evaluation of racial difference 

in outcomes after fracture has not been performed.

OBJECTIVE: To determine if 1-year death, debility, and destitution rates differ by race.

DESIGN: Observational cohort study.

SETTING: US Medicare data from 2010 to 2016.

PARTICIPANTS: Non-Hispanic black and white women with PMO who have sustained a 

fragility fracture of interest: hip, pelvis, femur, radius, ulna, humerus, and clinical vertebral.
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MEASUREMENTS: Outcomes included 1-year: (1) mortality, identified by date of death in 

Medicare vital status information, (2) debility, identified as new placement in long-term nursing 

facilities, and (3) destitution, identified as becoming newly eligible for Medicaid.

RESULTS: Among black and white women with PMO (n = 4,523,112), we identified 399,000 

(8.8%) women who sustained a major fragility fracture. Black women had a higher prevalence of 

femur (9.0% vs 3.9%; P < .001) and hip (30.7% vs 28.0%; P < .001) fractures and lower 

prevalence of radius/ulna (14.7% vs 17.0%; P < .001) and clinical vertebral fractures (28.8% vs 

33.5%; P < .001) compared with white women. We observed racial differences in the incidence of 

1-year outcomes after fracture. After adjusting for age, black women had significantly higher risk 

of mortality 1 year after femur, hip, humerus, and radius/ulna fractures; significantly higher risk of 

debility 1 year after femur and hip fractures; and significantly higher risk of destitution for all 

fractures types.

CONCLUSIONS: In a sample of Medicare data from 2010 to 2016, black women with PMO had 

significantly higher rates of mortality, debility, and destitution after fracture than white women. 

These findings are a first step toward understanding and reducing disparities in PMO management, 

fracture prevention, and clinical outcomes after fracture.
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Osteoporosis, the most common age-related metabolic bone disease, affects more than 11 

million adults aged 50 years or older in the United States, of which, more than 8 million are 

women.1,2 An additional approximate 35 million adults have low bone mass,1,2 which, in the 

presence of other clinical risk factors, increases the risk for fractures. Hip fractures are the 

most adverse fracture type associated with osteoporosis. In the United States, a woman’s 

annual lifetime risk of hip fracture is equal to that of breast cancer, ovarian cancer, and 

uterine cancer combined.3

Studies have found that 25% of patients die within 1 year of experiencing a hip fracture,4–7 

with increases in mortality also present following vertebral and other non-vertebral fractures.
4,6–14 It has also been reported that 50% of hip fracture patients do not return to their prior 

level of functioning, 20% require extended time in skilled nursing facilities, and the medical 

expenses associated with fractures result in 10% requiring financial assistance.15

The vast majority of studies evaluating outcomes after fragility fracture have been performed 

in primarily non-Hispanic white populations. The few studies that have stratified results by 

race and ethnicity have found racial differences in outcomes, particularly mortality.16–18 

Data from these studies are relatively old and/or had regional samples, which limits the 

generalizability of findings, warranting a current national evaluation. There has also been 

limited research on racial differences in other nonmortality outcomes after fracture.

Given the significant adverse outcomes associated with fragility fractures, and the growing 

number in older persons of color, it is important to determine whether racial disparities are 

present in postfracture outcomes. Using a cohort of non-Hispanic black and white women 

with postmenopausal osteoporosis (PMO) from 2010 to 2016 US Medicare data, the goal of 
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our study was to determine if racial differences exist in the year after a fragility fracture for 

the following outcomes: death, debility, and destitution.

METHODS

Population

Our cohort of women with PMO was previously assembled as a part of the Food and Drug 

Administration 10-year, claims-based pharmacovigilance study of denosumab, 60 mg, for 

the treatment of PMO.19 Women with PMO were identified based on age of 65 years or 

older and any one of the following: osteoporosis diagnosis code, fracture history, or 

osteoporosis medication at the time of cohort entry. Women were required to have Medicare 

Parts A, B, and D for at least 12 continuous months before cohort entry, not be enrolled in a 

Medicare Advantage Plan (Part C), and not have claims related to cancer (ignoring 

nonmelanoma skin cancer) or Paget’s disease 12 months preceding cohort entry.19 For our 

evaluation, we further excluded women from other racial and ethnic groups.

Identifying Fragility Fractures

We used a validated fracture identification algorithm20 to identify the fragility fractures most 

associated with osteoporosis, including hip, pelvis, femur, radius/ulna, humerus, and clinical 

vertebral, in women with PMO between 2010 and 2015. The fracture algorithm identifies 

incident fractures using claims meeting one of the following criteria: (1) fracture 

International Classification of Disease (ICD) diagnosis on an inpatient claim in the primary 

(first) position; (2) fracture ICD diagnosis on an inpatient claim in a nonprimary position; or 

(3) fracture discharge diagnosis on an outpatient physician evaluation and management 

(E&M) claim paired with a fracture repair code of the same fracture site as the diagnosis 

code. Incident clinical vertebral fractures can meet criteria 1, 3, or 4. Criterion 4 requires a 

fracture ICD diagnosis on an outpatient claim paired with a physician E&M code and a 

spine imaging code within 10 days.20 We utilized both ICD, Ninth Revision (ICD-9), and 

ICD, Tenth Revision (ICD-10), codes for fracture identification. Based on a validation study 

of 520 fractures that were clinically adjudicated from a large National Institutes of Health–

funded cohort study linked to Medicare claims data, our fracture episode algorithm was 

found to have positive predictive values to identify the fracture sites of interest ranging from 

90.9% to 98.6%.20

We further excluded women whose incident fracture had a trauma indicator (ICD-9 E codes; 

ICD-10 S, V-Y codes), women with multiple fractures on the same day who had trauma 

indicators on the nonincident fracture episode, women who did not have Medicare A + B + 

D − C coverage at least 12 months before the fracture episode start date, and those whose 

fracture episode start date did not allow for 1-year follow-up (ie, fracture start date and/or 

outcome date occurring on same day or fracture occurred on the last day of follow-up) 

(Figure 1).

Identifying Outcomes

The primary outcomes of this study were death, debility, and destitution. Follow-up for each 

outcome started at episode start date and ended 1 year after fracture start date or December 
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31, 2016. We used the date of death from the vital status information from the Medicare 

beneficiary summary file. The death dates reported by the Centers for Medicare and 

Medicaid Services (CMS) are linked to multiple databases, including the Medicare Common 

Working File, the Railroad Retirement Board, and the Social Security Administration, with 

99% of death dates having been validated.21

We defined debility as new placement in a long-term nursing facility. To identify debility, we 

used a modified definition of the incident long-term nursing home placement claims-based 

algorithm developed by Yun and colleagues.22 In our modified definition, the nursing 

facility claim was required to not be between the admission date and discharge date of a 

skilled nursing claim.

We defined destitution as becoming newly eligible for Medicaid. We identified Medicaid 

enrollment by the Medicaid buy-in (payment of Medicare premiums) variable or those who 

were newly eligible for Part D low-income subsidies.

For both the debility and destitution outcome, we excluded those who either had long-term 

nursing home stays or Medicaid coverage during the 12-month baseline period (long-term 

nursing home = 8.3%; Medicaid coverage = 22.1%) (Figure 1).

Statistical Analyses

We described brief demographic characteristics (age, region, Charlson comorbidity index) 

and PMO indicators of the women with fractures by race using t-test for continuous 

variables and χ2 test for categorical variables. We calculated the overall incidence of each 

outcome by race and by fracture site. Next, we calculated the age-standardized 1-year 

outcome incidence rates (IRs) per 1,000 person-years by race for each fracture site, 

standardizing the rates to the 2010 Census population aged 65 years or older. We also 

calculated a composite outcome of all three outcomes. To do so, we used the earliest date of 

any of the outcomes, censor date (eg, loss of coverage), or 365 days after fracture start date 

and the follow-up date for the composite outcome. We then used Poisson regression to test if 

racial differences existed in outcome IRs, with adjustment for age.

We performed a sensitivity analysis in the Medicare 5% sample, a random sample of all 

Medicare beneficiaries created by CMS for research. The 5% sample was not selected on the 

basis of osteoporosis, thus allowing us to compare the results between a general sample of 

older black and white women (who may and may not have osteoporosis) and those selected 

with PMO. We again calculated outcome incidence and age-standardized IR, and we tested 

racial differences using Poisson regression.

Last, we evaluated a metric of racial disparity using the number needed to harm principles 

from clinical trials. Calculated as [1,000/(outcome IR in black women – outcome IR in 

white women)], this metric summarizes the expected number of black and white women 

with fracture to follow for 1 year to observe one additional adverse outcome among black 

women. The smaller the number, the greater the disparity between the races in the outcomes 

after fracture.23
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We used SAS version 9.4 (SAS Institute Inc) and Stata v. 16 (Stata Corp) to conduct all 

analyses. The research was approved by the University of Alabama at Birmingham 

Institutional Review Board.

RESULTS

Of the 4,523,112 black and white women with PMO from 2000 to 2015, we identified 

422,543 (9.3%) women who sustained a fracture, of whom 409,238 (96.9%) sustained one 

of the major fragility fractures of interest. After exclusions (Figure 1), our final analytic 

sample included 399,000 women, of whom 11,168 (2.8%) were non-Hispanic black. There 

were no differences in age at PMO index date (79.3 years; P = .94); however, there was a 

larger prevalence of women in the youngest age group (65–74 years) in black women than in 

white women (24.8% vs 22.3%; P < .001) at the time of fracture. Black women were more 

likely to have an osteoporosis diagnosis or osteoporosis treatment on the PMO index date 

compared with white women. The complete descriptive characteristics of the sample are 

shown in Table 1.

The most prevalent fractures in our sample included clinical vertebral (33.4%), hip (28.1%), 

and radius/ulna (16.9%) (Table 1). Black women had a significantly higher prevalence of 

femur (9.0% vs 3.9%; P < .001) and hip (30.7% vs 28.0%; P < .001) fractures than white 

women; whereas they had a significantly lower prevalence of radius/ulna (14.2% vs 17.0%; 

P < .001) and clinical vertebral (28.8% vs 33.5%; P < .001) fractures (Table 1).

The prevalence of women who experienced death, debility, and destitution outcomes within 

1 year of their fracture was 15.5%, 4.0%, and 2.1%, respectively, with 20.3% of women 

experiencing any one of the three outcomes. Overall, we observed significant differences by 

race, with black women having significantly higher 1-year mortality (19.6% vs 15.4%; P 
< .001), destitution (2.4% vs 2.0%; P = .006), and composite outcome (24.6% vs 20.2%; P 
< .001) (Table 1). When evaluating crude outcome incidence by fracture site, compared with 

white women, black women had significantly higher incidence of death 1 year after femur, 

hip, humerus, and radius/ulna fractures (Table 2). Black women had a significantly higher 1-

year incidence of debility following femur fractures (6.6% vs 3.9%) compared with white 

women (Table 2); however, we did not observe any racial differences in 1-year debility after 

other fracture types evaluated. Black women had a significantly higher incidence of 1-year 

destitution following femur, hip, humerus, pelvis, and clinical vertebral fractures compared 

with white women (Table 2). When considering the combination of any one of the three 

outcomes, compared with white women, black women had significantly higher 1-year 

outcome incidence, ranging from 13.7% vs 10.3% for radius/ulna fractures to 33.5% vs 

26.1% for femur fractures (Table 2).

After accounting for age and standardizing to the 2010 US population aged 65 years or 

older, we observed similar trends to the crude incidence (Table 2). For example, for hip 

fracture, the age-standardized IRs per 1,000 person-years in black women were 38.6%, 

45.3%, 202.5%, and 37.3% higher for death, debility, destitution, and the composite 

outcome, respectively, than the IRs in white women (eg, death IR [95% confidence interval 

{CI}] for IRBlack = 263.5 [238.4–290.5] and for IRWhite = 290.1 [186–193.9]) (Table 2).

Wright et al. Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2021 March 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To formally test the racial disparity, we used age-adjusted Poisson regression models. Figure 

2 displays the IR ratio and the 95% CI by fracture type and outcome. We observed 

significant racial differences in all outcomes for both femur and hip fractures. For example, 

for hip fracture, compared with white women, black women had a significant (P < .001) 

24%, 22%, 2.5-fold, and 22% higher age-adjusted risk of death, debility, destitution, and the 

composite outcome, respectively, 1 year following fracture (Figure 2). Black women also 

had significantly higher risk of death, destitution, and the composite outcome in both 

humerus and radius/ulna fractures (Figure 2). In pelvis fractures, black women had a lower 

age-adjusted risk of debility (0.72; 95% CI = 0.54–0.96), but had a 2.1-fold higher risk of 

destitution (2.09; 95% CI = 1.67–2.62) (Figure 2). For clinical vertebral fractures, black 

women had a 2.3-fold higher risk in 1-year destitution than white women (2.33; 95% CI = 

2.09–2.61), with no observed differences in the IRs of the other outcomes of interest (Figure 

2).

Sensitivity Analysis in 5% Sample

Using the same inclusion and exclusion with the exception of requiring PMO (no 

osteoporosis diagnosis codes, medications, or fractures), we identified 55,438 women with 

fragility fractures from the CMS 5% sample, of whom 2,162 (3.9%) were black. Similar to 

the PMO results, a larger proportion of black women with fractures were in the 65 to 74 

years age group, and there was a higher prevalence of femur and hip fractures and a lower 

prevalence of radius/ulna and clinical vertebral fractures than in white women. Although 

point estimates differed, the racial differences in outcomes were similar. Black women in the 

5% sample, compared with white women, had on average 62.9%, 19.9%, 186.4%, and 

54.0% higher age-standardized 1-year death, debility, destitution, and composite IRs per 

1,000 person-years, respectively, for all fractures combined. Likewise, using Poisson 

regression, we observed that black women had significantly 32%, 2.4-fold, and 24% higher 

risk of death, destitution, and composite when compared with white women for all fractures 

combined (data not shown).

Racial Disparity

The racial disparity metric or number needed to harm varied by outcome and fracture site 

(Table 3). For every 14 hip fractures occurring in black and white women with PMO, one 

additional black woman died; whereas 74 clinical vertebral fractures are needed for one 

additional death to be experienced in black women (Table 3). Likewise, for every 11 hip 

fractures in black and white women, one additional black woman experienced any one of the 

three outcomes. The disparity in outcomes is greater for more adverse fracture types, like 

femur and hip, and the disparity is greater for more severe outcomes (eg, death).

DISCUSSION

In this analysis of a national sample of US Medicare data comprising all non-Hispanic black 

and white women with PMO, we found that between 2010 and 2015, approximately 9% of 

women sustained one of the six fragility fractures of interest. The black women in our 

sample had a larger prevalence of femur and hip fractures and a lower prevalence of radius/

ulna and clinical vertebral fractures compared with white women. Data on prevalence of 
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fractures by race and ethnicity are limited, but a study utilizing 1986 to 1990 data from the 

Medicare 5% sample found that compared to white women, black women had lower rates of 

many fragility fractures, including 75% lower rates of proximal humerus, 70% lower rates of 

distal radius/ulna, 69% lower rates of pelvic, and 62% lower rates of hip fracture; whereas 

there were no significant differences in rates of femur fractures.24 Similar to the previous 

study, we found lower prevalence of radius/ulna fractures in black women, but unlike this 

study, we found higher prevalence of hip and femur fractures in black women. Although 

both studies utilized Medicare data, the previous study utilized the 5% sample, whereas our 

study utilized women with PMO, who may have an inherent higher fracture risk given the 

osteoporosis status.

Our primary objective was to evaluate racial differences in the three postfracture outcomes: 

death, debility, and destitution. Overall, we found that black women with PMO had 

significantly higher incidence of death compared with white women with PMO. The same 

was true when observed by fracture site, clearly indicating a racial disparity in 1-year 

mortality after fracture. We did not observe a racial difference in the overall incidence in 1-

year debility. However, we observed differences in debility incidence by fracture site in 

black compared with white women with PMO, which was limited to the most adverse 

fracture types (eg, femur and hip). We observed significant racial differences in the overall 

incidence of destitution after fracture overall as well as by fracture site. The risk of 

destitution in black women with PMO was twice to three times higher than white women 

with PMO. Although it is well documented that black women have a lower prevalence of 

osteoporosis1,25 and incidence of hip fractures,26 our findings show that compared with 

white women with PMO, black women with PMO who fracture have significantly worse 

clinical outcomes after hip and several other types of fragility fractures.

To our knowledge, there has only been one study evaluating the three outcomes we 

described. In their analysis of the Medicare 5% sample, Tajeu and colleagues at our 

institution used propensity score matched hip fracture patients to women without hip 

fractures.15 They identified death, debility, and destitution in 28.6%, 20.1%, and 6.6% of hip 

fracture patients, respectively, but did not evaluate racial differences in the outcomes.15 Prior 

studies evaluating racial differences in mortality rates have concentrated on hip fractures, 

with higher mortality rates observed in black women, ranging from 33% in a study using 

1984 to 1987 Medicare data17 to 13% in an analysis of all New York State hip fractures.16 

Although our study controlled only for age, whereas other studies have adjusted for potential 

cofounders other than age, our results with respect to hip fracture mortality are in line with 

previous studies. The goal of this study was to describe the clinical experience of black and 

white women with fractures; thus, other confounders were not considered at this time. Our 

study is the first to evaluate racial differences in other fracture outcomes (debility and 

destitution) and, to our knowledge, there are no studies evaluating racial differences in 

mortality outcomes for other fracture types, specifically focusing on black and white 

populations.

A major strength of our study was the use of a cohort that captures all women with PMO in 

Medicare; however, this comes with some limitations. These women had to meet coverage 

requirements and not be enrolled in a Medicare Advantage Plan. Medicare Advantage Plans 
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are not required to submit individual claims, thus making outcome and exposure 

ascertainment more difficult. Although excluding these individuals is common practice in 

Medicare-based studies, it does limit the generalizability of findings. Although the use of the 

PMO cohort is a strength, women with PMO may have higher overall fracture incidence, 

again limiting our generalizability. To evaluate our findings in a more generalizable cohort 

of Medicare beneficiaries, we conducted a sensitivity analysis in the Medicare 5% sample. 

The women in the 5% sample analysis did not have to meet the PMO criteria, and although 

point estimates were different, we observed similar increases in each of the outcomes among 

black women in the 5% sample as we did in the women with PMO. For both the debility and 

destitution analyses, we excluded women with evidence of long-term nursing home and 

Medicaid coverage in the baseline period, resulting in a reduction in sample size, again 

limiting generalizability of our study. Although excluding women with a history of long-

term nursing home stays reduced our sample size, it provided an unbiased estimate of new 

debility. Excluding women with Medicaid coverage in the baseline had a more significant 

impact on our sample size, particularly our black population. According to CMS, nearly 

40% of those with dual Medicare-Medicaid coverage are persons of color.27 The exclusion 

of dual eligible women could have implications of healthcare utilization, medication 

coverage, and facility quality metrics; however, this was not the goal of our study. One of 

our goals was to evaluate how a fracture impacts finances in older women, and our findings 

clearly show that a fracture is associated with detrimental financial effects on black women 

at greater rates than white women. Last, although our study also utilized a highly valid 

algorithm to identify fractures, our algorithm was designed to have higher specificity than 

sensitivity, potentially missing real fractures that were neither hospitalized nor repaired.

CONCLUSIONS

To our knowledge, this is the first comprehensive evaluation of fracture events and novel 

outcomes after fracture by race. Our study shows that black women with PMO experience 

worse outcomes after fragility fractures than their white counterparts. Future studies are 

needed to explain why these disparities exist, with ultimate goals of developing interventions 

and/or programs to mitigate and reduce disparities in fracture outcomes.
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Figure 1. 
Identification of white and black postmenopausal osteoporosis (PMO) with fractures by 

outcome.
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Figure 2. 
Incidence rate ratio of postfracture outcomes by fracture type in black women compared to 

white women with postmenopausal osteoporosis. To the right of the line of unity (1), a 

higher incidence rate of postfracture outcomes in black women compared with white 

women; to the left of the line, a lower incidence rate of postfracture outcomes in black 

women compared with white women. If the confidence interval (CI) crosses the line the 

unity, then no difference in risk is observed between black and white women.
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