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Abstract

Summary—Research has not examined changes in bone mineral density (BMD) between men 

and women following hip fracture. The aim was to evaluate sex differences in BMD following hip 

fracture. Men experienced significant declines in BMD, while not statistically greater than women, 

underscoring the necessity for better osteoporosis care in men.

Introduction—Each year in the USA, approximately 260,000 older adults experience a hip 

fracture. Women experiencing hip fracture have excess decline in BMD in the year following 

fracture compared to expected decrements due to aging, but few studies have assessed sex 

differences in the sequelae of hip fracture. Thus, our objective was to examine sex differences in 

BMD change in the year after hip fracture.

Methods—The sample (n = 286) included persons enrolled in the Baltimore Hip Studies 7th 

cohort, a study that matched (1:1) men and women experiencing hip fracture. Weighted estimating 

equations that accounted for missing data and selective survival were used to estimate sex 

differences in 12-month total hip (TH) and femoral neck (FN) BMD changes.

Results—Men had larger average adjusted percent decline in TH and FN BMD. Adjusted 12-

month decreases at the FN showed a statistically significant decline of −4.60 % (95 % confidence 

interval [CI] −7.76 %, −0.20 %) in men and an insignificant change of-1.62 % (95 % CI −4.57 %, 
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1.32 %) in women. Yet, the difference in change between men and women was not statistically 

significant (P = 0.17). The estimated sex differences for TH BMD loss were smaller in magnitude.

Conclusions—There is evidence of significant BMD loss among men at the FN in the year after 

hip fracture. Although not statistically greater than women, these clinically significant findings 

highlight the need for improved osteoporosis care among men prior to and after hip fracture.
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Introduction

Low bone mineral density (BMD) is an important determinant of hip fracture risk among the 

approximately 260,000 men and women who experience this acute medical event in the 

USA each year [1–3]. Declines in BMD associated with aging result in greater bone 

fragility, which substantially increases the risk of hip and other fractures in older men and 

women [2, 4]. However, decrements in BMD among men may have a different role in the 

experience of osteoporotic hip fractures compared to women [5]. Comparative findings from 

the Osteoporotic Fractures in Men Study (MrOS) and the Study of Osteoporotic Fractures 

(SOF) demonstrated that men had a higher adjusted rate of sustaining a non-vertebral 

fracture for every standard deviation decrease in total hip BMD compared to women: 2.31 

(95 % confidence interval [CI] 1.90, 2.82) versus 1.74 (95 % CI 1.55, 1.95) [6]. Possible 

underlying sex differences in the pathogenesis of bone fragility or clinical care of 

osteoporosis may lead to differential changes in the consequences of decline in BMD 

between men and women over time.

Longitudinal studies of community-dwelling older adults generally show significant sex 

differences in total hip and femoral neck BMD decline between men and women. Men have 

higher BMD throughout the life course, while women experience greater BMD decrements 

that increase in magnitude over time [7–11]. Rates of BMD decline in post-menopausal 

women increase linearly with age and are predicted by prior BMD levels [12–16]. In 

contrast, BMD decrements accumulate in a non-linear manner as men age and are inversely 

associated with prior bone mineral content (BMC) [17]. These sex differences are a likely 

consequence of both menopause in women, which results in a loss of BMC and the 

development of osteoporosis, and an exponential age-related increase in bone turnover 

among older men [12, 17]. It has become more widely recognized that osteoporosis is also a 

significant problem among men, although it is frequently under-recognized and does not 

receive the same level of clinical attention, as evidenced by disproportionately lower 

treatment rates [18–20].

Of additional clinical importance are decrements in BMD that occur after hip fracture 

because they are a significant risk factor for new fractures [21]. Significant declines in BMD 

occur following hip fracture in older women, which are greatest in magnitude at the femoral 

neck; decrements have been estimated to be approximately 5 % by 12 months post-fracture 

[21, 22]. These changes following hip fracture are 12 times greater when compared to 

decrements due to normal aging occurring in community-dwelling older women (4.9 vs. 
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0.4 %, respectively) [23]. BMD changes following hip fracture are independent of body 

composition and functional status; BMD at the time of hip fracture explains 70 to 90 % of 

the variation in BMD decrements after hip fracture [21, 24]. Also, hip fracture patients with 

a higher BMD at the time of fracture have significantly faster declines compared to those 

with lower BMD [21]. These data are limited to women, and no studies we are aware of 

have examined sex differences in BMD change following hip fracture [5]. Thus, the 

objective of this study was to compare the change in total hip and femoral neck BMD 

between men and women in the year after hip fracture.

Materials and methods

Study data and sample

The Baltimore Hip Studies (BHS) 7th cohort is a prospective observational study designed 

to examine sex differences in the sequelae of hip fracture. Patients hospitalized for hip 

fracture were recruited from eight participating BHS network hospitals in the Baltimore 

metropolitan area. Men were continuously enrolled into the study, while recruitment of 

women was frequency matched with men on fracture timing within each hospital. Thus, the 

recruitment strategy ensured that an equal number of men and women were enrolled 

throughout the study and minimized the effect of secular changes in care and hospital 

practice differences. Participants were adults aged 65 years or older at the time of hospital 

admission for hip fracture (ICD-9 codes 820.00–820.9) who consented to enroll or had a 

proxy and provided informed consent within 15 days of being admitted. Exclusion criteria 

included pathologic fracture, not community-dwelling at the time of fracture, non-English 

speaker, being bedbound for 6 months before fracture, residence >70 mi from the hospital, 

weight >300 lb, no surgery, and hardware in the contralateral (i.e., non-fractured) hip. 

Protocols for this study were reviewed and approved by the University of Maryland 

Institutional Review Board (IRB) and the review boards of participating hospitals.

A total of 362 hip fracture patients were enrolled (180 males and 182 females). Five 

participants did not provide data at the baseline or 2-month follow-up visit, and another 18 

participants were removed as a result of an IRB-requested post-procedure audit (6 

participants were subsequently found to be ineligible because they did not meet study 

inclusion criteria and 12 participants were determined to be ineligible secondary to failures 

of the informed consent process), leaving a sample of 339 participants. A sample of 200 men 

and 200 women were planned for this study. Based on the maximum 1-year attrition (due to 

mortality and other loss to follow-up) of 50 %, effective sample sizes would be 100 

participants per group. Assuming a 0.7 within-subject correlation for BMD, effect sizes as 

small as 0.28 standard deviations could be detected with 80 % power and 5 % type 1 error 

with two-sided tests. Study visits were conducted at baseline (within 22 days of admission) 

and at 2, 6, and 12 months after admission, which included questionnaires and measures of 

body composition and functional performance. Medical charts were abstracted and monthly 

telephone calls were made during the 1-year study period. The analytic sample for this study 

included 286 participants with at least one BMD measurement (Fig. 1).
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BMD measurement

BMD was measured using dual-energy X-ray absorptiometry (DXA) at the total hip and 

femoral neck (grams per centimeter squared) of the contralateral hip. Participants had their 

BMD scans performed at one of seven study DXA facilities; four sites used Lunar Prodigy 

machines (Madison, WI, USA) and three sites used Hologic machines (Waltham, MA, 

USA). Men and women were matched within clinical sites, and thus also type of DXA 

machine. While the DXA site may have changed for a participant at later study visits, 

subsequent scans were on a machine of the same manufacturer, and men and women were 

scanned at an approximate equal proportion (1:1) on machines made by the same 

manufacturer over time (Supplementary Table SI). Standardized methods were used for 

quality control, certification of DXA operators, and scanning procedures to guarantee the 

reproducibility of results. Reproducibility measurements of every DXA machine were 

conducted separately at each clinical site and not provided by manufacturer. To account for 

any inter-site and machine differences, statistical models included a time-varying indicator 

to capture the different DXA sites and machines, an approach that has been used previously 

in the study of BMD changes in patients with osteoporosis [17]. Thus, the estimated sex 

differences were an average that represented a marginal effect across men and women who 

used the same type of scanner within the same clinical site at each time point.

Predictor variables

Demographic, anthropometric, behavioral, and clinical predictor variables measured at study 

baseline were selected a priori based on variables that were associated with BMD change 

among women in SOF and men in MrOS [25, 26]. Demographic, anthropometric, and 

behavioral measures included sex, age (years), race (white or non-white), height (meters), 

weight (kilograms), smoking (never, past, or current), and alcohol consumption (none, 

minimal, or moderate). Clinical characteristics were comorbidity assessed via the Charlson 

Comorbidity Index, depressive symptoms measured with the Center for Epidemiological 

Studies Depression Scale, and functional disability using Instrumental Activities of Daily 

Living (IADL) data obtained from a modified version of the Older Americans Resources and 

Services Instrument [27–29]. Concomitant medications that differed between men and 

women that could influence BMD change were bone-active drugs, glucocorticoids, hormone 

therapy, and calcium supplements. Medication use was assessed via patient-reported survey 

questions evaluating various types of treatments and coded as never, past, and current. Bone-

active drugs included etidronate, alendronate, risedronate, ibandronate, teriparatide, 

calcitonin, zoledronic acid, and pamidronate. Glucocorticoid medications were prednisone, 

cortisone, hydrocortisone, dexamethasone, or other steroids. Hormone therapy was assessed 

using a single item asking about the use of estrogen (pill, vaginal cream, suppository, or 

patch) in women and testosterone (injection, patch, and gel) among men and was 

subsequently dichotomized into binary categories of Bever” and Bnever” due to small cell 

sizes. Calcium supplements were measured as the daily (“everyday” or “almost everyday”) 

consumption of Caltrate, Citracal, Os-Cal, or Tums.
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Statistical analysis

To compare baseline characteristics of patients with BMD data between men and women, 

chi-square tests were used for categorical covariates and t tests or Wilcoxon rank-sum tests 

for continuous variables, and Wilcoxon rank tests for continuous measures with skewed 

distributions. These comparisons were also conducted separately among all cohort 

participants to determine if there were similar distributional trends in covariate measures by 

sex in the full study cohort. To account for missing baseline covariate data, missing outcome 

data, and truncation due to death in statistical models, an inverse probability of observation 

weighting approach was utilized in the primary analyses [30–32]. Further information about 

the construction of the missing data weights is provided in Appendix.

Weighted generalized estimating equations (WEEs) with an independence working 

correlation matrix were fit, where the weight was the inverse probability of observation 

given predictors of missing data. These models were used to estimate the association 

between sex and changes in total hip and femoral neck BMD, while accounting for potential 

selection bias from missing data. Time was modeled as categorical indicators, and the 

primary parameter of interest was the sex by time interaction testing whether the rate of 

BMD change from baseline differed between men and women at each time point. WEEs 

were used to calculate sex-specific baseline BMD values and the corresponding absolute and 

percent BMD changes during follow-up with 95 % confidence intervals (CIs). In adjusted 

models, covariates included every confounder selected a priori and measured at baseline and 

DXA site that was modeled as a time-varying covariate. Adjusted sex-specific baseline 

BMD values were calculated holding all covariate values at their sample mean.

Two sensitivity analyses were also conducted to test the robustness of the findings. First, 

standardized BMD (sBMD) values were calculated using measurement site-specific (e.g., 

femoral neck) conversion formulas as an additional method of accounting for any residual 

bias introduced by the different DXA machines [33]. The primary analyses were replicated 

using total hip and femoral neck sBMD values. Second, individual-level percent BMD 

change was used in unadjusted generalized estimating equations as the dependent variable, 

such that each patient served as his/her own control, and thus controlling for patient’s 

baseline BMD.

Results

Sample characteristics

The analytic sample was predominantly white (Table 1). Men were taller, heavier, and more 

likely to have more comorbidities and functional limitations than women. In addition, men 

had a higher frequency of smoking and alcohol consumption compared to women. Women 

had significantly higher rates of medication use at study enrollment, including bone-active 

drugs, glucocorticoids, hormone therapy, and calcium supplements. The most common 

bone-active drugs that men and women reported ever to have taken were bisphosphonates, 

particularly alendronate (Supplementary Table S2). Men generally had significantly higher 

total hip and femoral neck BMD at baseline, and measured BMD values were higher for 

patients scanned with a Lunar machine (Supplementary Table S1). However, the differences 
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in BMD between men and women were similar regardless of machine type. Baseline total 

hip and femoral neck sBMD were higher for patients scanned with a Hologic machine, and 

the between-machine difference was lower; however, the observed sex differences were 

identical to the primary results and independent of machine manufacturer. Men were also 

significantly more likely to be lost to follow-up than women after 1 year due to death (20.57 

vs. 6.21 %, respectively).

Total hip BMD

Unadjusted results showed a static decrement among women that changed little during 

follow-up (Table 2). Estimates ranged from −0.38 % (95 % CI −3.20, 2.45) at 2 months to 

−0.32 % (95 % CI 4.16, 3.53) at 12 months. Men had non-linear changes in total hip BMD 

that were smaller from baseline to 2 and 6 months, but larger by 12 months: −2.35 % (95 % 

CI −5.72, 1.03). The unadjusted model indicated that men had larger estimated long-term 

total hip BMD decreases, but this difference, when compared to the observed change in 

women, was not statistically significant (P = 0.39). Sensitivity analyses using unadjusted 

percent change as the outcome variable to control for baseline differences in BMD between 

men and women yielded similar results (data not shown). After adjustment for covariates 

(Table 2), estimates of percent total hip BMD change in men indicated a progressively 

greater cumulative decline from 2 to 12 months: −0.99 % (95 % CI −3.18, 1.18) to −2.44 % 

(95 % CI −5.61, 0.74). Adjusted results showed a non-linear pattern of decline among 

women that peaked at 6 months (−1.38; 95 % CI −3.71, 0.94) and was attenuated by 12 

months (−0.88 %; 95 % CI −3.77, 2.01). There was a decreasing rate of decline in men and a 

non-linear pattern of change among women (Fig. 2), but the global test of the sex by time 

interaction was not statistically significant (P = 0.90). Sensitivity analysis results evaluating 

total hip sBMD were identical to the primary findings (Supplementary Table S3).

Femoral neck BMD

Similar to the total hip results, unadjusted estimations of percent femoral neck BMD decline 

among men displayed smaller changes at 2 and 6 months but a statistically significant 

decrease of −4.00 % (95 % CI −7.81, −0.20) at 12 months Table 3). However, this decrement 

was not significantly different (P = 0.12) than the estimated 12-month change among women 

of 0.31 % (95 % CI −3.88, 4.49). Results from sensitivity analyses using unadjusted percent 

change as the outcome variable did not differ compared to findings from the primary 

outcome model (data not shown). Adjustment resulted in estimated changes that showed a 

gradual increase in femoral neck BMD decrements over time, and the magnitude of these 

changes also was generally larger in both men and women (Table 3). Model-based estimates 

of femoral neck BMD percent decline at 2 and 12 months were −0.50 % (95 % CI −2.65, 

1.66) to −4.60 % (95 % CI −7.76, −1.43) in men and −0.98 % (95 % CI −3.00, 1.04) to 

−1.61 % (95 % CI −4.57, 1.32) in women. Again, 12-month femoral neck estimates showed 

a significant decline among men (P = 0.003) and statistically insignificant change among 

women (P = 0.25). Also, the rate of femoral neck BMD decline among men continually 

increased, while in women, the prospective decrements decreased over time (Fig. 3). 

However, neither difference in change at 12 months (P = 0.17) or the global test of the sex 

by time interaction (P = 0.36) was statistically significant. Findings from sensitivity analyses 

using femoral neck sBMD did not differ from the primary results (Supplementary Table S4).
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Discussion

This study examined differences in BMD change between men and women that occur 

following hip fracture. The results showed that women experienced statistically insignificant 

declines in total hip and femoral neck BMD, which are smaller in magnitude compared to 

estimates from previous BHS cohorts [21–24]. Although not statistically different from 

women, men had greater cumulative BMD decrements at both the total hip and femoral neck 

that were more than double the magnitude of the estimated declines among women. Studies 

of normal aging in community-dwelling older adults indicate that women experience 

significantly greater BMD decline than men; however, our results suggest a different pattern 

of sex differences in the loss of BMD after hip fracture [7–11].

The results demonstrated minimal, insignificant annual declines among women in total hip 

and femoral neck BMD (0.9 and 1.6 %, respectively). Previous BHS research has estimated 

BMD loss at the intertrochanteric region and femoral neck in women to be approximately 2 

and 5 % in the year following hip fracture, respectively [21–24]. Clinical care for women 

with osteoporosis and osteoporotic fractures has improved, evidenced by decreasing US hip 

fracture rates that are expected to decline by 3.5 % by 2030, as well as physician practice 

guidelines that recommend aggressive pharmacological intervention to manage osteoporosis 

in Caucasian women [1, 34]. Further, higher BMC is associated with greater BMD decline 

and increases linearly with advancing age after menopause, but this loss is eventually 

attenuated in older age when total BMD has decreased considerably [12–16]. Smaller BMD 

decrements among women in BHS-7 may also be a consequence of general cohort 

differences compared to individuals who fractured when earlier BHS studies were 

conducted. More specifically, differences in early life exposure, osteoporosis care prior to 

and after hip fracture, or other factors such as greater life expectancy and increased age at 

the time of fracture, when women have lower BMC, could have resulted in slower rates of 

bone turnover and less BMD decline.

Men experienced greater decline at the total hip and a statistically significant decrease in 

femoral neck BMD at 12 months. Data from older Baltimore area men in the Men’s 

Osteoporosis Study suggest that men experience annual declines of 2.1 and 0.8 % at the 

femoral neck and total hip, respectively [35]. Our findings suggest that declines in BMD in 

the year after fracture among men are more than double the magnitude of normal 

decrements associated with aging. Men were significantly less likely to be using bone-active 

drugs, hormone therapy, and calcium supplements, and the lack of awareness about 

osteoporosis in men may explain, in part, the greater estimated BMD declines compared to 

women, although these differences in change were not statistically significant [18, 19]. 

However, research also indicates that among men, higher BMC is associated with smaller 

longitudinal BMD decrements, but the loss of total BMC during aging results in an age-

related acceleration of BMD decline later in life [17]. Greater bone turnover in men is 

associated with greater hip bone loss, and thus, in addition to the under-screening and 

treatment of osteoporosis after hip fracture, larger BMD decrements may be related to 

accelerated declines that increase as men advance into older age [17, 36, 37].
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Two potential mechanisms that may account for any sex differences in BMD decline after 

hip fracture are disparities in clinical care for osteoporosis and/or differential changes in 

bone turnover between men and women. Men are 10–20 times more likely to be under-

treated with bisphosphonates and also have a lower likelihood of being referred for DXA 

scan and initiating osteoporosis treatment after hip fracture [18, 36]. Therefore, poorer 

clinical care in men could result in greater BMD decrements, while women receiving 

disproportionately better osteoporosis management may have more favorable outcomes. 

Bone loss in women starts earlier in life after menopause due to the acceleration of 

endocortical reabsorption and deceleration in periosteal apposition, while men have an age-

related acceleration of bone loss later in life because of increased endocortical reabsorption 

that is not offset by stable periosteal apposition [38, 39]. Sex differences in BMD changes 

after hip fracture may also be related to this acceleration of bone loss that increases as men 

advance into older age combined with the attenuation in decline that occurs among women 

because of prior decrements in BMD that start after menopause. If men experience greater 

declines in BMD after hip fracture, there may be a higher risk for subsequent osteoporotic 

fractures that are potentially a consequence of modifiable factors.

There are several limitations of this study. First, the sample size may have precluded our 

ability to detect statistically significant differences in BMD trajectories between men and 

women. This issue may have been exacerbated by the variance inflation from inverse 

probability weighting to account for missing data and selective survival [40]. Second, the 

cohort was primarily comprised of white men and women recruited from the Baltimore 

metropolitan area, and therefore, the results from this study may lack generalizability to 

more ethnically and regionally diverse hip fracture samples. Medication use was also based 

on self-reported questionnaires, which does not capture information on compliance or 

adherence. Last, there is the potential for confounding by unmeasured factors not included in 

the analysis.

The potential sources of bias, however, are mitigated through the study strengths. Although 

the sample is small, it is one of the largest cohorts of both men and women hip fracture 

patients to examine post-hip fracture BMD changes. Furthermore, extensive clinical and 

patient-reported measures were available to control for a variety of potential confounders. 

The study also used novel methods to rigorously handle missing data and selective survival. 

This research is the first to assess sex differences in BMD following hip fracture, which is 

important because of the well-documented patterns in BMD change between men and 

women in the general population and its integral role in hip fracture risk and recovery.

Conclusion

Our findings indicate that men experience significant BMD decline during the year 

following hip fracture, particularly at the femoral neck. Although these decrements are not 

statistically significantly greater than those of women, these potentially clinically significant 

findings highlight the need for additional research assessing sex differences in the sequelae 

of hip fracture, as well as an increased awareness regarding the presence and treatment of 

osteoporosis among men before and after sustaining a hip fracture [5, 19]. Future research 

should examine differences in bone-active drug use and bone turnover between men and 
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women after hip fracture to further elucidate how sex differentially impacts hip fracture 

recovery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Male hip study follow-up DXA diagram
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Fig. 2. 
Predicted total hip BMD by sex
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Fig. 3. 
Predicted femoral neck BMD by sex
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