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Abstract

Background/Objectives—W eightloss is common in old age, but it is unclear how patterns of 

change associate with change in lean mass and physical function. The aim of the study was to 

examine BMI trajectories with change in lean mass and physical function.

Design—Prospective cohort study.

Setting—Health, Aging and Body Composition Study.

Participants—Black and white men (n=482) and women (n=516) aged 73.1±2.7 years and 

initially free of disability.
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Measurements—BMI trajectories( annually measured weight and baseline height) were 

determined using a group-based trajectory model. Appendicular lean mass, gait speed, grip 

strength and isometric knee extension strength were assessed at baseline and after 9 years, and 

relative changes were calculated. Multivariable linear regression (regression coefficient (95% CI)) 

was used to determine associations between trajectories with relative change in lean mass and 

physical function.

Results—We identified four BMI trajectories for both men and women . While all demonstrated 

a decline in BMI, the rate of decline differed by trajectory . Relative to the trajectory 1 (BMI 22.9 

kg/m2), men in trajectory 4 (BMI 33.9 kg/m2)declined more in gait speed (−10.50%( −15.74; 

−5.26)) and leg strength( −8.37% (−15.31; −1.42)). Relative to women in trajectory 1 (BMI 20.5 

kg/m2), women in trajectory 4 (BMI 34.9 kg/m2) had greater losses in lean mass in the arms 

(−3.24%( −6.18; −0.30)). No other associations were observed.

Conclusion—Older adults in BMI trajector y 4 have greater declines in lean mass and physical 

function, however, gender differences were observed. Our results show the importance of 

preventing obesity.
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INTRODUCTION

Aging is associated with changes in body composition [1]and deterioration of physical 

function [2]. Weight changes may be related to impaired physical function. One study 

showed a failure to conserve lean mass with weight loss [3]. Approximately one-third of 

weight loss reflects a loss of lean mass [4, 5], therefore, greater weight loss may accelerate 

loss of skeletal muscle and subsequent physical function.

It is unclear whether different patterns of weight loss relate to changes in body composition 

or physical function. Previous studies investigating changes in weight in relation to function 

have defined weight change groups by cut points, or used mixed effect models which may 

be prone to misclassification. An advantage of group-based trajectory modeling is that it is 

data driven; it identifies distinctive clusters of individual trajectories that follow similar 

developmental trajectories [6–8]. Using trajectories as determinants could be informative , 

since the rate of weight loss is taken into account rather than one’s initial weight.

To date, no large cohort study has used a trajectory modelling approach to describe weight 

trajectories (expressed as BMI) overtime in community -dwelling older adults. The purpose 

of this study was to examine BMI trajectories over a 9 year period in initially well-

functioning older men and women using group-based trajectory modeling. Additionally, we 

investigated the relationship between BMI trajectories with contemporaneous changes in 

lean mass and physical function. We hypothesized that men and women who lose weight at 

a faster rate will lose relatively more lean mass and physical function compared to 

participants who lose weight at the lowest rate.
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METHODS

Study population

The Health, Aging, and Body Composition (Health ABC) Study is a prospective 

longitudinal study of 3,075 community-dwelling initially well-functioning black and white 

men and women initially aged 70–79 as previously published [9]. Participants were recruited 

from a random sample of white Medicare beneficiaries and all age-eligible black residents 

from the Memphis, TN, and Pittsburgh, PA areas . Participants were eligible if they reported 

no difficulty in walking a quarter of mile, walking up 10 steps without resting or performing 

mobility-related activities of daily living. Exclusion criteria were a history of active cancer 

treatment in the prior 3 years, planned to move out of the study area in the next 3 years, or 

current participation in a lifestyle intervention. Baseline data was collected between April 

1997 and June 1998. Clinic visits were repeated annually for 10 years, with the exception of 

years 7 and 9. The study was approved by the institutional review boards of the study sites 

and the coordinating center ;written informed consent was obtained from all participants. 

For our analyses, only participants with 3 measures of BMI over the 9-year period(n= 2755), 

and with baseline and Year 10 measurements of lean mass and physical function were 

included (n=1019). Of those, we excluded participants with missing data on covariates 

(n=21), resulting in a final sample of 99 8. Excluded participants were older, more likely to 

be black, less educated, more likely to be former or current smokers, less physically active, 

had more comorbidities, and lower baseline gait speed, grip and leg strength. BMI was 

higher among excluded women but did not differ between included and excluded men (P 

<0.05 for all).

Assessment of body composition

BMI was calculated from body weight measured annually with a standard balance beam 

scale and body height was measured at year 1 using a Harpenden stadiometer (Holtain Ltd, 

Crosswell, UK). Total lean mass(excluding bone mineral content) was determined at 

baseline and at year 10 from total body scans using fan-beam dual energy X-ray 

absorptiometry (Hologic QDR 4500A; Hologic, Bedford, MA). Appendicular lean mass was 

calculated as the sum of lean mass of arms and legs (kg). The validity and reproducibility of 

the dual energy X -ray absorptiometry scanner have been reported previously [10, 11].

Assessment of physical function

Physical function was assessed at baseline and Year 10 from gait speed, grip strength and 

leg strength. Usual 20 meter gait speed (m/s) was determined during the first lap of the 400 

meter Long Distance Corridor Walk [12]. Participants were allowed to use walking aids 

during the test, such as canes or walkers, if needed. Grip strength (dominant hand (kg)) was 

assessed using a Jamar dynamometer (Sammons Preston Rolyan, Bolingbrook, IL) [13]. The 

maximum strength of two trials was analyzed. Leg strength was based on knee extension 

strength, which was measured concentrically at 60 degrees/second on an isokinetic 

dynamometer (Kin-Com dynamometer, 125 AP; Chattanooga, TN). The right leg was tested 

unless there was a contraindication such as joint replacement or knee pain (n=10 at baseline, 

n= 52 at Year 10). The maximum muscle torque (Newton meters (Nm)) was selected from 

the three reproducible and acceptable trials from a maximum of six.
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Covariates

Demographic characteristics (age, sex, race, study site and education), smoking status 

(never, current, or former) and physical activity (kilocalories/kg/week) of all self-reported 

activity in the week prior to baseline [14]were ascertained by an interviewer -administered 

questionnaire at baseline. Prevalent hypertension, diabetes, cardiovascular 

disease(percutaneous transluminal coronary angioplasty, angina, myocardial infarction, 

bypass surgery, stroke, TIA, cerebral vascular accident), heart failure, edema and cancer 

were determined from self-report, medication use, and clinical assessments which were 

similar to the Cardiovascular Health Study [15].

Statistical analysis

Because of differences with regard to body composition [16]and physical performance [17], 

analyses were stratified by sex. Trajectories were estimated with a group-based trajectory 

modeling [18, 19]using proc traj for STATA. The trajectories were derived by modeling 

BMI as a function over time, (participants’ age at each follow-up measurement). The best 

fitting model was based on the Bayesian Information Criterion and the presence of a 

minimum of 5% of participants per trajectory to ensure stable estimates per trajectory[ 6, 8]. 

After the number of trajectories was defined, non-significant quadratic and cubic terms were 

removed, but linear parameters stayed in the model, regardless of significance. Posterior 

probabilities of group membership were estimated to assess the adequacy of the selected 

model [6]. Specifically, higher probability values indicate higher likelihood that an 

individual’s trajectory pattern fits within the broader trajectory group. The posterior 

probability of allocating each participant into the BMI trajectory groups was greater than 

0.97, indicating a good fit of the models. A Wald test was performed to determine whether 

slopes of trajectories were significantly different.

Linear regression analyses were conducted to examine trends across trajectories for 

continuous variables. For categorical variables, chi-square tests were performed . The 

absolute and relative changes (%) between Year 1 and Year 10 of BMI , lean mass and 

physical function were calculated. Multivariable linear regression analyses were used to 

determine the association of BMI trajectories with relative change in lean mass and physical 

function. Unstandardized regression coefficients (B) and 95% confidence intervals (CI) were 

reported for each BMI trajectory after adjustment for covariates. Model 1 was adjusted for 

age, race, study site and education. Model 2 was additionally adjusted for smoking status, 

physical activity, hypertension, diabetes, cardiovascular disease, heart failure, edema, and 

cancer. Trajectory 1 (participants with the lowest mean BMI over time) was considered the 

reference group. Because adjustment for hospitalization did not attenuate associations in 

both men and women, it was not included in the model. All P-values are two-tailed 

(α=0.05). Data were analyzed with STATA version 12.1.

RESULTS

We identified four BMI trajectories for 482 men and 516 women. Baseline demographics, 

lifestyle factors and comorbidities are presented per trajectory in table 1. All trajectories 

among men followed a quadratic relationship (Figure 1). The absolute change over the 9 
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year period (mean±SD) in BMI among men was −0.85±1.94, −1.02±1.92, −0.79±2.46, and 

−0.15±2.48 for trajectory 1, 2, 3 and 4, respectively. However, the slopes were not 

significantly different between trajectories groups (P=0.260). Among women, the lowest 

three trajectories followed a linear relationship, while trajectory 4 followed a quadratic 

relationship (Figure 1). Change in BMI was −1.00±1.67, −1.31±2.22, −0.81±2.44, and 

−1.75±3.27 for BMI trajectory 1, 2, 3 and 4. The slopes of trajectories were significantly 

different between groups (P=0.031).

Table 2 depicts absolute and relative changes in lean mass and physical function and 

associations between trajectories with relative changes in lean mass and physical function. 

Compared to men in trajectory 1 (reference), men in the trajectory 4 had a significantly 

greater decrease in gait speed: −10.50 % (95% CI −15.74; −5.26) (P-for trend <0.001)

(Model 2) . Men in the trajectory 4 lost relatively more leg strength compared to men 

trajectory 1: −8.37 % (−15.31; −1.42) (P-for trend=0.013) (Model 2). There were no 

significant differences between trajectories with relative change in grip strength or change in 

lean mass in men, nor was there a significant trend across trajectories. Women in the 

trajectory 4 lost relatively more lean mass in the arms compared to women in trajectory 1 

(reference): −3.24 % (95% CI −6.18; −0.30) (Model 2). BMI trajectories were not associated 

with change in total appendicular lean mass or leg lean mass. No significant differences for 

physical function were observed between and across trajectories in women.

DISCUSSION

This study identified four distinctive BMI trajectories for both men and women over a 

period of 9 years. All trajectories were characterized by a decline in BMI. Participants with 

the highest mean BMI (trajectory 4) lost relatively more lean mass or had a greater decline 

in physical function over 9 years. However significant gender differences were observed. In 

men, there were no differences in relative loss in lean mass between the 4 trajectory groups. 

However, men in trajectory 4 had greater loss in leg strength and gait speed compared to 

men in trajectory 1. Conversely, women trajectory 4 lost relatively more lean mass in the 

arms than their counterparts in trajectory 1, but had no difference in physical function.

Duration and type of physical activity may explain the gender differences observed in this 

study. Results from the NHANES study showed that even though men and women reached 

similar activity counts per minute, older women had greater light-intensity activity than 

men, and spent more overall time in non-sedentary activity intensities compared to men 

[20]. While using self- report questionnaire data in this study, at baseline men were less 

physically active than women; 91±74 and 95±69 kcal/kg/week, respectively (Mann-Whitney 

test; p=0.06). Additionally, a nationally representative British birth cohort indicated gender 

differences in activity diversity and the levels of activity. Men more often reported greater 

intensity activities at early old age, yet changes in activity type may occur more among men 

than women with increasing age [21]. While women are more likely to report lighter-

intensity activities such as household activities compared to men [22]. Little is known about 

house hold activities among older adults, and how they mightimpact changes in body 

composition and areas of lean tissue loss. More studies are warranted to investigate whether 

differences in type and duration of activities in older age might prevent loss in function.
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Despite being an initially well -functioning cohort, all participants lost weight, lean mass 

and physical function. This is comparable with results from across -sectional study that 

showed that men and women aged 60–80 years become less physically active with age , 

which results in a reduction in physical function, e.g. 8-foot up and go or 2-minute step test 

[23]. In addition, recent findings from the Baltimore Longitudinal Study of Aging showed 

that physical activity counts, measured with an accelerometer, were 1.3% lower for each 

year increase in age, which was especially due to lower afternoon and evening activity in 

older individuals [24]. Although loss of function is a common occurrence of aging, our 

results show that loss of physical function varies by BMI trajectory with trajectory 1 most 

closely representing healthy aging.

Men in trajectory 4 had greater decline of gait speed and greater loss of leg strength 

compared to men in trajectory 1, which could not be explained by health or lifestyle 

variables. Our data indicates that the BMI with which a person enters into old age is an 

important determinant of the trajectory they follow in later life. The Health ABC study has 

previously shown that the onset of overweight and obesity in midlife or earlier contributes to 

an increased risk of incident mobility limitation [25]. Participants in trajectory 4 were obese 

(men; 33.9 kg/m2 (30.5–44.2), women 34.9 kg/m2(28.8 –46.1)) and therefore our findings 

are also in line with results of a recent meta - analyses that showed that obesity is associated 

with greater risk of functional decline in old age compared to normal weight/overweight 

[26]. Taken together, our results provide further evidence of the importance of preventing 

obesity before entering old age.

Strengths of our study first include the large study sample of community -dwelling black 

and white men and women were followed over 9 years. Second, we used group-based 

trajectory modeling to determine BMI trajectories which identified distinctive trajectories 

within the study population and enables us to investigate differences in participants’ 

characteristics within trajectories [27]. Third, the use of DXA provides an accurate 

measurement of appendicular lean mass; fourth, we assessed physical function using 

multiple indicators including gait speed, grip and leg strength. Finally, reverse causation was 

minimized in this study because participants were initially free from mobility disability. 

Some limitations need to be acknowledged. Though our statistical methods allowed us to 

investigate differences in lean mass and physical function changes by BMI trajectories, 

fewer people were allocated to trajectory1 and 4 , which might have resulted in low 

statistical power to detect differences between groups. Future larger studies, with a wider 

BMI range, are warranted. Of the 2,193 participants who were alive at follow-up, 998 

participants (45.3%) with at least 3 measurements of BMI, data on change in lean mass and 

physical function, and complete data on baseline covariates were included in the analyses 

because we were interested in long-term weight change. This may have resulted in a 

healthier analytic sample. We observed differences in declines in lean mass and physical 

function, although the magnitude of change may be even greater among less-healthy 

populations, therefore observed associations are likely to be underestimated.

In conclusion, despite a well-functioning population at baseline, all BMI trajectories showed 

a decline over 9 years. Participants in BMI trajectory 4 had greater decreases in arm lean 

mass, and physical function, however, results differed by gender. Interestingly, the 
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associations between BMI change and decline in physical function do not appear to be 

solely reflected by lean mass. Finally, the decline in BMI was modest and the rate of decline 

was not different among trajectory groups in men, suggesting that although BMI may 

change over time, those changes tend to be modest and the change in BMI does not depend 

on where you start. The weight a person enters old age is informative for predicting loss in 

lean mass or physical function which illustrates the importance of monitoring weight.
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Figure 1. 
BMI trajectories among participants from the Health, Aging, and Body Composition study 

during a 9 year follow-up.

Subheading – left side figure

Men

N=482

Subheading – right side figure

Women

N=516

The lines are the mean values of BMI and the dashed lines represent their 95% confidence 

intervals.
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