
CHANGES IN BONE MINERAL DENSITY OVER TIME BY BODY 
MASS INDEX IN THE HEALTH ABC STUDY

Jennifer T. Lloyd, Ph.D., MA, MS1, Dawn E. Alley, Ph.D.1,2,3, Marc C. Hochberg, M.D, M.P.H.2, 
Shari R. Waldstein, Ph.D.3,4, Tamara B. Harris, M.D., M.S.5, Stephen B. Kritchevsky, Ph.D.6, 
Ann V. Schwartz, Ph.D.7, Elsa S. Strotmeyer, Ph.D., M.P.H.8, Catherine Womack, M.D.9, 
Denise L. Orwig, Ph.D.2,3, and for the Health ABC study

1Centers for Medicare and Medicaid Services, Centers for Medicare and Medicaid Innovation, 
Baltimore, Maryland 2Department of Epidemiology and Public Health, University of Maryland, 
Baltimore, Baltimore, Maryland 3Doctoral Program in Gerontology, University of Maryland, 
Baltimore & Baltimore County, Baltimore, Maryland 4Department of Psychology, University of 
Maryland, Baltimore County, Baltimore, Maryland 5Laboratory of Epidemiology and Population 
Sciences, Intramural Research Program, National Institute on Aging, Bethesda, Maryland 6Sticht 
Center on Aging, Wake Forest School of Medicine, Winston-Salem, North Carolina 7Department 
of Epidemiology and Biostatistics, University of California, San Francisco, California 8Department 
of Epidemiology, Graduate School of Public Health University of Pittsburgh, Pittsburgh, 
Pennsylvania 9University of Tennessee Health Science Center, Memphis, Tennessee

Abstract

Purpose—Cross-sectional studies have found a positive association between body mass index 

(BMI) and bone mineral density (BMD), but little is known about the longitudinal relationship in 

US older adults.

Methods—We examined average annual rate of change in BMD by baseline BMI in the Health, 

Aging, and Body Composition Study. Repeated measurement of BMD was performed with dual 

energy x-ray absorptiometry (DXA) at baseline, and years 3, 5, 6, 8, and 10. Multivariate 

generalized estimating equations were used to predict mean BMD (femoral neck, total hip, and 

whole body) by baseline BMI (excluding underweight), adjusting for covariates.

Results—The sample (N= 2,570) was 43% were overweight and 24% were obese with a mean 

baseline femoral neck BMD of 0.743 g/cm2, hip BMD of 0.888 g/cm2, and whole body BMD of 

1.09 g/cm2. Change in total hip or whole body BMD over time did not vary by BMI groups. 

However, obese older adults lost 0.003 g/cm2 of femoral neck BMD per year more compared with 
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normal weight older adults (p<0.001). Femoral neck BMD change over time did not differ 

between the overweight and normal weight BMI groups (p=0.74). In year 10, adjusted femoral 

neck BMD ranged from 0.696 g/cm2 among obese, 0.709 g/cm2 among normal weight, and 0.719 

g/cm2 among overweight older adults.

Conclusions—Findings underscore the importance of looking at the longitudinal relationship 

between body composition and bone mineral density among older adults, indicating that high body 

mass may not be protective for bone loss over time.
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INTRODUCTION

Numerous studies have found a strong, cross-sectional association between body mass index 

(BMI) and bone mineral density (BMD) [1–3], but little is known about the longitudinal 

relationship in the US population. Many studies have found obesity to be protective against 

bone loss, but the majority have been conducted in non-US populations [4–9] whose cultural 

differences in exercise and diets, as well as dramatic differences in the prevalence of obesity, 

make results difficult to generalize to US older adults. Ravn et al.[10] examined this 

association in a small, US sample of postmenopausal women in the 1990s and found higher 

BMI categories had a protective effect against bone loss compared to lower BMI categories 

for total hip and spine BMD. However, these results do not reflect dramatic increases in the 

prevalence of obesity [11,12] and the development of obesity at younger ages among more 

recent birth cohorts of older adults [13]. Additionally, most research on the association 

between BMI and bone loss has focused on underweight older adults, who are at the highest 

risk for bone loss and fracture [4]. However, underweight individuals represent a small 

proportion of the total older adult population (around 2%) [14]. Dramatic increases in the 

prevalence of overweight and obesity in the US necessitate a focus on heavier individuals, 

who make up the majority of the older adult population [15].

The objective of this study was to examine change in BMD of the femoral neck, total hip, 

and whole body over time (10 years) by baseline BMI categories among a recent cohort of 

US older adults. Using data from the Health, Aging, and Body Composition Study (Health 

ABC), this analysis was able to control for an extensive set of potential confounding 

variables associated with bone loss and obesity.

METHODS

Study sample

The Health ABC study follows a healthy cohort of 3,075 White and Black well-functioning 

men and women (age 70–79 at enrollment in 1997–1998) from two US field centers 

(Pittsburgh, PA and Memphis, TN). Participants in designated zip codes near the two field 

centers were recruited using a random sample of White Medicare beneficiaries and all age-

eligible Black community residents. Only individuals who were disability and cancer free at 

baseline were eligible to be enrolled in the study.
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Participants were screened and determined eligible during a phone interview in 1997. A 

home interview was conducted before the clinic visit where questionnaire data were 

obtained on self-reported demographic information, health status, weight history, physical 

function and activity, work and volunteer activities, appetite and eating behavior, smoking 

and alcohol use, sleep habits, bodily pain, chronic conditions, cancer history (prior to the 

past three years as they would be ineligible to participate in the study), osteoporosis and 

falls, medical conditions, health care, and social support. Clinic visits were then scheduled 

and included performance measures, fasting blood sample, bone density scan (DXA), 

measured height and weight, cognition tests, as well as an inventory of medications being 

taken by the participant. Participants visited the clinic yearly for similar testing and 

answered questions about items that may have changed since the last visit. A home visit, 

telephone interview, or a proxy interview may have been conducted if the participant was not 

able to come into the clinic or was not able to be interviewed.

Ten years of longitudinal follow-up data are available for the baseline sample. The final 

analytic sample not missing on baseline study variables was N=2,570. Variables with large 

amounts of missing data included percent weight change from age 50 to baseline (n=105), 

total fat free and total fat mass (n=106), performance measures (n=95), and prevalence of 

cardiovascular disease (n=56) and stroke (n=29).

Body mass index

BMI categories were calculated by measured height and weight at baseline (weight in 

kilograms divided by height in meters squared). BMI categories included normal weight as 

the reference (18.5 to 24.9), overweight (25.0 to 29.9), and obese (≥ 30.0). Underweight 

individuals were excluded from all analyses (n=25) as the relationship between this BMI 

category and bone loss is well understood [4] and they represented a small proportion of the 

total older adult population (<2%) [14]. Baseline BMI was used as the independent variable, 

instead of changes in BMI over time, for two reasons. First, this study population was either 

overweight or obese for most of their older adult lives (evident in % weight change since age 

50 in Table 1). Therefore, this study was able to examine the constant, biomechanical 

loading of these higher body mass categories that were present as the majority of the sample 

aged. Second, because risk of hip fracture greatly increases after age 80, it is useful to 

measure body mass prior to age 80 to understand the impact it has had over time on bone 

mass and therefore risk of fracture [16]. With the baseline age of Health ABC reflecting the 

70–79 age period, the sample represents an ideal snapshot of the impact of heavier body 

mass on bone loss around the time that risk of fracture is most relevant for older adults. 

Lastly, although weight change (particularly weight loss) is an important factor associated 

with bone loss [17,18], descriptive and regression analyses found annual changes in weight 

over the study period were small in this population. Therefore, this study examined the 

impact of baseline body mass categories on bone loss over time.

Femoral neck, total hip, and whole body bone mineral density

The outcome variables include repeated measures of femoral neck, total hip, and whole body 

BMD. Femoral neck and total hip BMD were measured at baseline and at years 3, 5, 8, and 

10. Whole body BMD was measured annually from baseline to year 5 and again at years 8 
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and 10. BMD was obtained from dual energy x-ray absorptiometry (DXA) measurements 

and measured in units of g/cm2. A number of participants were missing follow-up data for 

femoral neck, total hip, and whole body DXA (386 people [14.0 %] were missing DXA data 

in year 3 and 1355 [49.3%] were missing in year 10).

Potential confounders

A number of baseline variables that are associated with both BMI and bone loss were 

included in regression models to see if they accounted for the association between baseline 

BMI and change in BMD. Demographic variables such as age, sex, and race are controlled 

for in regressions models. Education (less than high school, high school graduate, post-

secondary [reference]) was included in the analyses as a proxy for socioeconomic status. 

Health status indicators included physical performance measures based on the Short 

Physical Performance Battery (SPPB, range 0–4), chronic conditions identified using 

previously established algorithms based on self-report, clinical data, and medications 

(diabetes, cardiovascular disease, hypertension, cancer, stroke), self-reported health status 

(good or fair/poor [reference]), depression measured by the Center for Epidemiologic 

Studies Depression Scale (CESD, range 0–100), and cognition based on the Modified Mini-

Mental State examination (3MS, range 0–20). Factors related to both obesity and bone loss 

included bone-active medication use (bisphosphonates and steroids), physical activity (kcal/

week walking and exercise), vitamin D and calcium supplement use, percent weight change 

from age 50, smoking status, and frequent alcohol use. A dummy variable indicating 

Memphis Health ABC site (Pittsburgh reference) was also included in the regression 

analysis to account for residual differences across study sites.

Statistical Analyses

Descriptive statistics were used to compare study characteristics at baseline by BMI 

categories. Tests of significance utilized chi-square tests and generalized linear regressions 

for dichotomous and continuous variables, respectively. Generalized estimating equations 

(GEE) were used to examine the association between baseline BMI categories and repeated 

measures of BMD [femoral neck, total hip, and whole body]. Models predicted BMD by 

obesity and overweight (normal weight reference), time, interaction terms for obesity and 

time and overweight and time (to determine the direction of the association and slope 

between BMI categories and BMD) in an unadjusted model as well as a model adjusted for 

covariates listed in Table 1.

Sensitivity analyses were also conducted to examine whether significant associations 

between baseline BMI and repeated measures of BMD could be accounted for by 

demographic (gender, race [white or black (reference)], and age) or body composition 

differences in the rate of BMD decline. Adjusted per year change in BMD by baseline BMI 

categories is presented by gender as interaction terms between gender and BMI category 

were significant in predicting change in femoral neck BMD over time. Sensitivity analyses 

examined annual changes in weight (kg) over the study period as well as control for baseline 

body composition (total fat mass [gm] and total fat free mass [gm)]) to see if these 

adjustments changed the main study findings. Lastly, sensitivity analyses removed 

individuals who had diabetes, bone-active medication use, and substance use (alcohol and 
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smoking) at baseline to investigate if subgroups already prone to bone loss at baseline could 

be accounting for the bone loss overtime in certain body mass groups.

RESULTS

The sample included 2,570 subjects of whom 43% were overweight and 24% were obese 

[Table 1]. The sample had a mean baseline femoral neck BMD of 0.743 g/cm2 (SD=0.142), 

a mean total hip BMD of 0.888 g/cm2 (SD=0.169), and a mean whole body BMD of 1.09 

g/cm2 (SD=0.141). There were no significant differences in missing femoral neck or total 

hip BMD by BMI category. However, there were significant differences in missing whole 

body BMD by BMI category in year 3 and 8, with the overweight participants having a 

higher proportion of missing whole body DXAs than normal or obese participants.

Obese older adults had the highest mean femoral neck (p<0.001), total hip (p<0.001), and 

whole body BMD (p<0.001) at baseline compared to overweight and normal weight older 

adults [Table 1]. Obese older adults were more likely to be younger, female, black, less 

educated, gained more weight since age 50, had more fat free and fat mass, and were more 

likely to have diabetes or hypertension. Obese older adults were less likely to use 

bisphosphonates or vitamin D or calcium supplements; less likely to have good health, 

functional performance, cognition; and less likely to currently smoke or drink frequently.

Table 2 displays the unadjusted and adjusted baseline BMD (femoral neck, hip, and whole 

body) by BMI category from multivariable analyses utilizing GEEs. Overweight and obese 

older adults had 0.07 and 0.14, respectively, higher femoral neck BMD at baseline. Normal 

weight older adults lost femoral neck BMD at a rate of −0.0032 per year (overweight older 

adults lost femoral neck BMD at a similar rate). However, there was a significant obesity 

and time interaction with obese older adults losing 0.003g/cm2 of femoral neck BMD per 

year more compared with normal weight older adults (p<0.001) for a total excess loss of 

0.03 g/cm2 over the study period. Femoral neck BMD change over time did not differ 

between the overweight and normal weight BMI groups (p=0.75). There were no significant 

differences in total hip and whole body BMD over time by BMI group.

In year 10, obese older adults had a mean femoral neck BMD of 0.696 g/cm2 (SE=0.008), 

overweight older adults had a mean of 0.709 g/cm2 (SE=0.007), and normal weight older 

adults had a mean femoral neck BMD of 0.719 g/cm2 (SE=0.005) [Figure 1]. This equates to 

a 3% annual loss in femoral neck BMD for overweight and normal weight older adults and a 

7% loss for obese older adults. However, mean BMD values for the obese (p=0.28) and 

overweight (p=0.27) groups were not statistically different than the normal weight group at 

year 10.

A number of sensitivity analyses were conducted to see if study results remained after 

accounting for demographic factors. For femoral neck BMD, significant interactions with 

time were observed for sex (p=0.045) and race (p=0.009), but not age. However, the addition 

of these interaction terms did not account for the significant obesity and time interaction. 

Similarly, for total hip BMD, the interaction term for race and time (p=0.014) was 

significant while the interaction between gender and time was approaching significance 
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(p=0.071). For whole body BMD, there were no significant interactions between time and 

demographic factors (age, gender, or race).

Adjusted per year change in femoral neck BMD by BMI category is presented in Table 3 to 

display differences in gender and race and to further explore the significant loss in femoral 

neck BMD found among obese older adults. It appears that overweight and obese men lose 

slightly more femoral neck BMD annually compared to overweight and obese women, 

respectively. Additionally, Black older adults who are normal weight or obese lose more 

femoral neck BMD than their White BMI category counterparts.

Sensitivity analyses also examined weight change over time as well as additional body 

composition variables as confounders. Annual weight change (kg) over the study period 

(mean= −1.28) was significantly associated with change in femoral neck BMD over time (p= 

0.003), but controlling for weight change did not change the significant obesity and time 

interaction. There were also no differences in study results when body composition (baseline 

fat mass and fat free mass [continuous variables, gm units]) variables were added to the 

adjusted models. Lastly, there were no differences in study results showing that obese older 

adults, compared to normal weight older adults, lost more femoral neck BMD over time 

when individuals with diabetes, bone-active medication use, and substance use at baseline 

were removed from the analytic sample (N=1,239;the obesity and time interaction was still 

0.003, p=0,02),

DISCUSSION

In summary, this study found significant differences in femoral neck BMD over time by 

BMI group but did not find differences in total hip or whole body BMD over time. These 

results were robust even when annual changes in weight over the study period and body 

composition variables were included in the regression model. There were significant gender 

and racial interactions with time in predicting femoral neck BMD, but these interactions did 

not account for the finding that obese older adults lose more BMD over time.

Study results varied by BMD site with significant BMI category differences over time found 

in the femoral neck site but not the total hip. Significant results in the femoral neck region 

could be due to the higher composition of cortical bone compared to the hip region, which 

has more trabecular bone [17,19]. Obesity is associated with higher levels of trabecular bone 

and lower levels of volumetric BMD due to adipose tissue [19]. Another likely cause is the 

expansion of the bone diameter with aging, causing a larger bone with thinner walls and less 

bone density in the femoral neck [17].

Similar to the current study, Holecki et al. [5] found femoral neck bone loss among obese 

postmenopausal women. However, these results are inconsistent with other studies that have 

found higher body mass to be protective against bone loss [4–9,10]. More research in this 

area is needed, particularly given the shifting demographics within the US aging population 

that is simultaneously becoming obese at younger ages and is living longer in overweight 

and obese status [13].
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It is important to understand these findings in the context of clinical outcomes. For example, 

femoral neck BMD levels for all BMI categories in year 10 were below common thresholds 

for low BMD [0.79 g/cm2 for men and 0.74 g/cm2 for women] [20]. Additionally, obese 

older adults had a larger total percentage change over the study period in femoral neck BMD 

than normal and overweight adults (7% loss for obese versus a 3% loss for normal weight 

and overweight older adults). These results are comparable to other studies that have found 

about a 0.5–1% annual change in femoral neck BMD among older adults, which equates to a 

5–10% loss in femoral neck BMD over a 10 year period [21,22].

It remains unclear why femoral neck bone loss varies by obesity status in older adults. 

Obesity is associated with chronic inflammation, which is associated with the development 

and progression of osteoarthritis [15] and with bone loss. Changes in important bone-related 

health conditions over time that were not accounted for in study analyses (only controlled 

for baseline health status) may be the driving mechanism underlying the dramatic bone loss. 

Therefore, dramatic bone loss among obese older adults may in fact be due to post-baseline 

changes in levels of fat mass [23–25], physical activity [26–28], bone-active medication [29] 

and vitamin use [30–32], and the severity of diabetes [33]. Future research will need to 

consider these factors as recent studies have found obesity to be associated with risk of 

fracture [34].

This study had a number of strengths that have not been available in prior research. These 

include the large sample size, extensive set of covariates to control for confounding, the 

longitudinal study design that provided 10 years of follow-up data, as well as an examination 

of this association in a recent US cohort. There are also important limitations to study 

findings that should be noted. It is challenging to isolate the physiological effect of excess 

body fat from the effects of associated sequelae in an observational cohort study like Health 

ABC. This study attempted to control for many of these factors, such as other chronic 

conditions, bone-related medication use, and behavioral characteristics such as physical 

activity and substance abuse. However, these factors were only measured at baseline and 

therefore changes in these factors over the study period could have contributed to the decline 

in femoral neck BMD observed among obese older adults, particularly as these factors are 

also highly correlated with obesity. The study sample draws from a healthy cohort of older 

adults that were disability free at baseline (age 70–79). Study results may not be 

generalizable to the entire US older adult population. However, Health ABC inclusion 

criteria are comparable to large population-based studies such as the Longitudinal Study on 

Aging [LSOA] [35]. The study did not examine change in BMI over time as it relates to 

bone loss, although sensitivity analyses examined weight change over time. Fluctuations in 

body weight can greatly impact bone loss [36,37], however the majority of older adults in 

Health ABC maintained stable weight over time, and only experience small declines after 

age 70 [38,39]. Lastly, there may have been important differences in those individuals lost to 

follow-up or missing on study covariates that could have biased study results, especially if 

missing individuals were sicker than observed participants.

In conclusion, study findings suggest that obese older adults lose more femoral neck BMD 

over time compared with normal weight older adults. These results are surprising given that 

many cross-sectional studies, including in this cohort, have found a protective association 
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between obesity and osteoporosis. Study findings underscore the importance of looking at 

the longitudinal relationship between obesity and bone loss among older adults given 

increasing prevalence and duration of obesity among older adults.
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Figure 1. 
Predicted Mean Femoral Neck Bone Mineral Density by Body Mass Index Category Over 

Time N=2,570†

† Adjusted for age, sex, race, education, percent weight change from age 50, diabetes, 

cardiovascular disease, hypertension, cancer, stroke, vitamin D and calcium supplement 

intake, bone-active medications, self-reported health status, physical activity, short physical 

performance battery, cognition, depression, current smoker, frequent alcohol use, and Health 

ABC site.
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Table 3

Adjusted Per Year Change in Femoral Neck BMD by Baseline BMI Category, Gender, and Race, n=2,570†

BMI Category Gender Race

Women Men White Black

Normal −0.003 −0.003 −0.002 −0.005

Overweight −0.002 −0.003 −0.003 −0.003

Obese −0.005 −0.006 −0.005 −0.006

†
BMD= Bone mineral density (g/cm2), BMI=Body mass index (kg/m2); Adjusted for age, sex, race, education, percent weight change from age 

50, diabetes, cardiovascular disease, hypertension, cancer, stroke, vitamin D and calcium supplement intake, bone-active medications, self-reported 
health status, physical activity, short physical performance battery, cognition, depression, current smoker, frequent alcohol use, and Health ABC 
site.
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