
ABSTRACT
Background: Changes in body composition in men and women
occur with age, but these changes are affected by numerous
covariate factors.
Objective: The study examined patterns of change in body com-
position and determined the effects of long-term patterns of
change in physical activity in older men and women and in
menopausal status and estrogen use in women.
Design: Serial measures of height, weight, body mass index
(BMI), total body fat (BF), percentage BF, and fat-free mass
(FFM) from underwater weighing of 102 men and 108 women
enrolled in the Fels Longitudinal Study were analyzed. Physical
activity levels and menopausal status were included as covariates.
Results: There were significant age-related decreases in FFM
and height and increases in total BF, percentage BF, weight, and
BMI. Physical activity was associated with decreases in total BF,
percentage BF, weight, and BMI in men and were associated
with increases in FFM and decreases in total BF and percentage
BF in women. Postmenopausal women had significantly higher
total BF and percentage BF than did pre- and perimenopausal
women. The longer the time since menopause the greater were
the increases in weight, BMI, total BF, and percentage BF; how-
ever, estrogen use attenuated these increases.
Conclusions: Low FFM can be improved by increased physical
activity. The effects of an intervention program on body composi-
tion can be masked if only body weight or BMI is measured. The
effects of physical activity were more profound in postmenopausal
than in premenopausal women, and estrogen use had beneficial
effects on body composition. Am J Clin Nutr 1999;70:405–11.

KEY WORDS Body composition, aging, physical activity,
menopause, the Fels Longitudinal Study, fat-free mass

INTRODUCTION

The amounts of fat and fat-free mass (FFM) in adults change
with increasing age as a function of a variety of factors, from
physical activity to menopausal status to nutrition and disease.
The status of the fat and FFM compartments is associated with
and serves as established risk factors for a variety of chronic dis-
eases from middle to old age. Body composition can also be used
in assessments of functional status, disability, and mortality.
Understanding the scope of the age-related changes in body
composition and the factors associated with them in healthy

adults will help to improve our knowledge and understanding of
these processes and assist in the prevention of functional limita-
tion and in the management of health status into old age.

Numerous studies have reported age-related increases in body
weight and fatness and decreases in FFM after young adulthood
(1, 2). Age-related decline in physical activity is associated with
increased body weight and body fatness as reported in cross-sec-
tional studies (3). In women, age-related changes in body compo-
sition, ie, an increase in body weight and body fat and a decrease
in FFM, have been observed after menopause (2, 4–6). Most of
these previous reports used cross-sectional data; the few longitu-
dinal studies were only short-term follow-ups of a limited number
of subjects (5, 6). In most instances the important covariates, such
as level of physical activity, were measured only once. In post-
menopausal women, the time passed since the onset of menopause
and estrogen use were not considered. More importantly, some
studies examined only body weight or body mass index (BMI;
weight/height2). Body weight consists of body fat, lean tissue,
bone, and other constituents. Changes in these individual compo-
nents will not be detected if only body weight or BMI is studied.

The present study made use of the unique data available from
the Fels Longitudinal Study to examine the pattern of age-related
changes in body composition and their relations with current lev-
els of physical activity in men and women. In addition, the
changes in body composition were compared with the timing of
the transition through the menopausal period. The age range of
subjects in the study spans middle age to the onset of old age.
The changes that occur during this period set the stage for the
changes that will occur during old age. Those who enter old age
with an adequate body composition should have a better health
status than those with an inadequate body composition. How-
ever, the body composition of middle-aged adults and the effects
of physical activity and menopause on the changes that occur

Am J Clin Nutr 1999;70:405–11. Printed in USA. © 1999 American Society for Clinical Nutrition

Aging, body composition, and lifestyle: the Fels Longitudinal
Study1–3

Shumei S Guo, Christine Zeller, William Cameron Chumlea, and Roger M Siervogel

405

1 From the Division of Human Biology, Departments of Community
Health and Pediatrics, Wright State University School of Medicine, Yellow
Springs, OH.

2 Supported by grants HD 27063 and HD 12252 from the National Insti-
tutes of Health, Bethesda, MD.

3 Address reprint requests to SS Guo, Department of Community Health,
Wright State University School of Medicine, 1005 Xenia Avenue, Yellow
Springs, OH 45387-1695. E-mail: shumei.guo@wright.edu.

Received September 3, 1998.
Accepted for publication January 14, 1999.



during this period are not well documented. To address this defi-
ciency, we asked 4 questions. First, what are the age- and sex-
specific patterns of change in body composition from 40 to 66 y
of age? Second, what is the effect of long-term physical activity
on these patterns of change? (Serial levels of physical activity
were incorporated into this analysis to evaluate these effects.)
Third, what changes occur in body composition from premeno-
pause through perimenopause to postmenopause? Fourth, are
these body-composition changes related to the time since meno-
pause and estrogen use? This report presents a picture of the
process of change in body composition over time in the same
adults as they approach old age and includes associated modifi-
able risk factors. The information from this picture should help
to facilitate the development and timing of preventive health
measures that reduce the loss of FFM or the gain in body fatness
during middle age, thus setting the stage for a healthy old age.

SUBJECTS AND METHODS

Study sample

The data for this study were collected from 102 men and 108
women, all of whom were participants in the Fels Longitudinal
Study (7) and were white. Subjects were not selected because of
any known criteria related to their body composition. All proce-
dures were approved by the Institutional Review Board of Wright
State University.

Individual serial measures of weight, height, BMI, total body
fat (BF), percentage BF, and FFM from 40 to 66 y of age were
included in the analysis. These data were collected biennially near
each participant’s birthday from 1976 to 1996. Because of the tim-
ing of scheduled visits and the ages of the participants at the
beginning and the end of the data collection period, some partici-
pants did not have total BF, percentage BF, or FFM data within the
age range of the analysis. Also, some participants were >40 y old
in 1976 and some were <66 y old when the most recent data for
the present analysis were recorded. The absence of some values is
due to the nature of the design of the Fels Longitudinal Study and
does not alter the descriptions of the changes that occurred.

Body-composition assessment methods

Measures of total BF, percentage BF, and FFM were obtained
by using the 2-component body-composition model of Siri (8).
Body density was determined from underwater weighing and
residual volume was measured with a Gould 2100 computerized
spirometer (9). Stature was measured to 0.1 cm with a Holtain
stadiometer (Seritex, Carlstadt, NJ), and weight was measured to
0.1 kg on a balance beam scale.

Physical activity

Physical activity questionnaires were administered during the
scheduled examinations. and were used to assess occupational
and leisure physical activity. Each individual was asked questions
such as “compared with your peers, how do you rate your activ-
ity at work or leisure?” The scoring ranged from 1 to 5 for each
type of activity with the higher number representing a higher
level of activity. The average of the occupational and leisure
physical activity scores was determined as the level of activity at
an examination. On the basis of the average activity scores, indi-
viduals were separated into 3 physical activity groups—low,
medium, and high—for each examination. Patterns of change

over time in the levels of physical activity were examined on the
basis of the standardized average scores. The average score at
each examination for each participant was standardized by sub-
tracting each individual average score from the mean for the
group at that examination and dividing the difference by the cor-
responding SD. A random-effects model was applied to examine
the changes over time in physical activity.

Menopausal status

A self-reported questionnaire was administered to women at
each examination for women. Menopausal status was classified
as 1) premenopausal: regular menstrual cycles; 2) perimenopausal:
≥3 mo without menses, large changes in cycle length, and hot
flashes; or 3) postmenopausal: ≥12 mo without menses or had
undergone a hysterectomy.

Estrogen use

Self-reported data on estrogen supplement use were collected
at each examination. Whether a woman had or had not used
estrogen before each examination was determined. Participants
were separated into 4 groups as follows: those who had not used
estrogen, those who had used estrogen for < 5 y, those who had
used estrogen for ≥5 y, and those for whom estrogen information
was not available.

Statistical analysis

Univariate statistics

Means and SDs for length of follow-up, age at first examina-
tion, age at last examination, age at onset of menopause, time
since menopause, and duration of estrogen use were computed.
Means and SDs were also calculated for weight, height, BMI,
total BF, percentage BF, and FFM for men and women sepa-
rately within 2-y age segments, ie, 40–42, 42–44, 44–46, 46–48,
48–50, …, 64–66, and > 66 y.

Random-effects model

This model was applied to the serial data of each participant
for weight, height, BMI, total BF, percentage BF, and FFM sep-
arately, each of which were response variables; age was the inde-
pendent variable. A subsample of serial data for individuals was
plotted by age to determine the general pattern of change with
age for each of these response variables. From these plots, low-
degree polynomials such as linear or quadratic models were cho-
sen to describe the age-related changes of the variables (10, 11).
In the low-degree polynomials, concurrent serial measures for
physical activity in each sex and serial measures for menopausal
status and estrogen use in women were included as possible
covariates. In the linear and quadratic models, the parameters
describing the effects of age, ie, the intercept and slope, could be
considered as random components or fixed components. The
random components account for individual variability. For
example, a model with a random slope implied that the rates of
change in the response variable differed from individual to indi-
vidual, whereas the fixed component assumes that there are no
differences in the rates of change from individual to individual.

Therefore, for each response variable there were 4 types of
models, ie, a model with or without covariates as well as a model
with or without random components. These models were evalu-
ated by using likelihood ratio tests and the statistical significance
of the parameter estimates (P < 0.05). In the random-effects mod-
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els, age was calculated as “age 2 40,” and a response variable,
such as FFM, was calculated as the individual’s FFM value minus
the mean FFM value at age 40 y. In addition, the general patterns
of change in body composition were examined in postmenopause,
with years since menopause as an independent variable and estro-
gen use and physical activity as covariates. These computations
were performed by using the SAS PROC MIXED program (12).

RESULTS

The number of participants, by length of follow-up and sex,
are given in Table 1. There were a total of 102 men and 108
women with examination data. More than 70% of these partici-
pants had a follow-up period > 5 y and <20% had > 15 y of fol-
low-up. The average length of follow-up was <9 y with the mean
ages at first and last examinations being <44 and 53 y.

For women, the age at onset of natural menopause was <50 y
but ranged from 40 to 58 y. Among these menopausal women, the
average duration of follow-up after menopause was <10 y, rang-
ing from those who had just reached menopause to <29 y after
menopause. The women were separated into 3 menopausal groups
on the basis of their last examination. Eleven women remained
premenopausal during the follow-up examinations; 14 women
were perimenopausal and 65 were postmenopausal; 35 women
had undergone surgical menopause.

There was estrogen use data for 94 women; 52 did not use estro-
gen and 42 used supplemental estrogen. The duration of estrogen
use as hormone replacement therapy was (x– ± SD) <2 ± 1.2 y
(range: <1–4.7 y) for women taking estrogen for <5 y, and
<11.6 ± 6.5 y (range: 5–25 y) for women taking estrogen for ≥5 y.

Sex-specific means and SDs for weight, height, BMI, total BF,
percentage BF, and FFM are presented in Table 2 for each 2-y

age segment. The men were significantly heavier, taller, and had
more FFM than the women at all ages (P < 0.05). The women had
significantly greater percentage BF than the men at all ages. The
men also had larger mean BMIs than the women at all but 4 age
segments. There were no sex differences in total BF.

The final model selected for each response variable for men
and women is presented in Table 3. There was an age-related,
increasing trend in body weight in the men of <0.3 kg/y. Total BF
values also increased with age in men by <0.37 kg/y, whereas the
average annual increase in percentage BF was 0.32%/y. BMI in
men increased with age at an average annual rate of <0.11
kg ·m22 · y21. Low physical activity levels in the men were asso-
ciated with higher body weight. Men with high physical activity
levels had significantly lower body weights than did those with
low physical activity levels, by <2.76 kg. Physical activity level
was also associated with BMI in men; those who were physically
active tended to have lower BMI values. Physically active men
also tended to have smaller total BF values than did those with low
physical activity levels, by <2.53 kg. The results for percentage BF
were similar to those for total BF; lower physical activity levels
were associated with higher percentage BF values. In men, FFM
decreased with age at an annual average rate of <0.07 kg/y and
there were no associations with physical activity. The changes in
body fatness with age as reflected by total BF, percentage BF, or
BMI were mediated by physical activity levels. However, physi-
cal activity levels did not affect FFM.

The women also gained body weight as they became older, at
an annual rate of <0.55 kg/y. There was also a significant age-
related increase in BMI. Total BF also increased with age by an
average of <0.41 kg/y. Unlike men, the women lost FFM as they
become older at an average rate of <0.11 kg/y. There was no
apparent effect of physical activity or menopause on body weight
in the women, and neither physical activity nor menopausal status
significantly affected BMI values. Like the men, however, women
who were physically active had significantly lower total BF val-
ues than did women who had low physical activity levels. The
effects of age and physical activity on percentage BF in women
were similar to those on total BF. Low levels of physical activity
were associated with large values for total BF and percentage BF.
Unlike in the men, high levels of physical activity in the women
were associated with higher levels of FFM, by <3.55 kg. The dif-
ferences in FFM between women with high and medium levels of
physical activity were small. Menopausal status also had signifi-
cant effects on total BF and percentage BF (Table 3). At the same
age, postmenopausal women had significantly higher total BF
and percentage BF values than did premenopausal women. There
were no apparent effects of menopausal status on FFM. Thus, the
transition period in menopausal status in women affected body-
composition values. There were significant effects of changes in
menopausal status on FFM. Women who had used estrogen for
>5 y had significantly higher FFM than nonusers but there were
no differences in FFM values between women who had used
estrogen for <5 y and nonusers.

The findings related to the time since menopause are presented
in Table 4. With the inclusion of the time since menopause, age-
related effects were not significant. Time since menopause
appeared to be an important factor. Body weight and BMI
increased significantly as a function of time since menopause but
height decreased with time since menopause. The effects of time
since menopause on FFM were not significant, but FFM values
were associated with time since menopause and estrogen use
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TABLE 1
Number of participants by duration of follow-up and follow-up
measurements for Fels Longitudinal Study subjects

Men Women
Follow-up data (n = 102) (n = 108)

≥20 y 1 (0.9)1 0 (0)1

15–20 y 25 (25.5)1 20 (18.5)1

10–15 y 17 (42.2)1 27 (43.5)1

5–10 y 39 (80.4)1 32 (73.1)1

1–5 y 20 (100.0)1 29 (100.0)1

Length of follow-up (y) 9.25 ± 5.39 (1–20)2 8.95 ± 5.21 (2–19)
Age at first exam (y) 44.43 ± 3.81 (40–58) 44.52 ± 4.22 (40–64)
Age at last exam (y) 53.53 ± 6.94 (42–66) 53.59 ± 6.69 (42–66)
Age at onset of 
menopause (y)3 — 45.69 ± 7.24 (25–58)
Natural menopause — 49.60 ± 4.75 (40–58)
Surgical menopause — 41.77 ± 7.24 (25–58)

Time since — 10.23 ± 8.29 (0–29)
menopause (y)

Duration of — 2.78 ± 5.25 (0–25)
estrogen use (y)4

Estrogen use (<5 y) — 2.16 ± 1.23 (0.25–4.7)
Estrogen use (>5 y) — 11.62 ± 6.49 (5–25)

1n; percentage in parentheses.
2 x– ± SD; range in parentheses.
3Thirty-five women experienced natural menopause; 35 women experi-

enced surgical menopause.
4Twenty-four women used estrogen for <5 y; 18 women used estrogen

for ≥5 y.



(Table 4). Total BF and percentage BF increased significantly with
time since menopause for both estrogen users and nonusers; how-
ever, a more profound effect of time since menopause on the
increase in total BF and percentage BF was noted for estrogen
nonusers. All terms in the total BF and percentage BF models
were significant at the P < 0.05 level. At the same age and same
physical activity level, there was a decrease in FFM of <0.16 kg/y
after menopause for estrogen nonusers and a decrease of 0.08 kg/y
after menopause for estrogen users. Level of physical activity
remained significantly and positively related to FFM and nega-
tively related to total BF and percentage BF after adjustment for
time since menopause. Independent of physical activity level,
estrogen use was a significant factor in FFM only during the tran-
sition through menopause.

DISCUSSION

Numerous studies on changes in body composition from mid-
dle to old age and on the many factors associated with these
changes were summarized well by Heymsfield et al (13). Several
other studies investigated the association between weight gain
and menopause (1, 14, 15). Some reported no changes in weight
or body composition in relation to menopause (2), whereas oth-

ers reported significant age-related weight gains (1, 14). This
divergence in findings may be due to several factors. Most of the
reports are based on cross-sectional data (14, 16, 17), and it is
difficult to use such data to infer age-related changes. Differ-
ences in individuals due to secular changes in the cross-sectional
data may overshadow age-related changes. Even if there are age-
related differences in the cross-sectional studies, such differ-
ences may be due to individual differences or selective mortality
and not truly age-related changes.

Only a few studies have used longitudinal data to analyze
changes in body composition, and the findings from these studies
differ from those from cross-sectional studies (18). However, pre-
vious longitudinal studies had small sample sizes and the duration
of follow-up was, in general, short (1, 2, 19). As a result, these fol-
low-up studies calculated changes in body composition as differ-
ences between 2 points in time. Measures of body composition
have inherent variations that can be caused by measurement errors
or biological variation. Changes measured from follow-up data
collected at short intervals will be biased as a result of these errors
and biological variations, and the SEs of the estimated changes
will be inflated (20). Changes in body composition during adult-
hood occur at a slow rate and many years of observation are nec-
essary to document real changes and the pattern of these changes.
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TABLE 2
Height, weight, BMI, and body composition measured by using underwater weighing by age for men and women aged 40–66 y in the Fels Longitudinal
Study1

Anthropometry Underwater weighing

Age (y) n Weight Height BMI n TBF BF FFM

kg cm kg/m2 kg % kg

Men
40 25 86.86 ± 14.26 181.04 ± 8.29 26.51 ± 4.20 15 21.12 ± 7.88 23.64 ± 6.46 66.10 ± 8.95
42 47 85.01 ± 12.78 180.59 ± 9.00 26.15 ± 4.20 35 19.59 ± 6.86 23.30 ± 5.89 62.96 ± 7.53
44 47 83.50 ± 12.24 179.24 ± 9.10 26.01 ± 3.51 41 20.84 ± 8.44 24.56 ± 7.66 62.07 ± 7.93
46 34 85.21 ± 13.02 180.58 ± 9.37 26.13 ± 3.55 32 22.30 ± 8.10 25.46 ± 6.89 63.69 ± 8.40
48 42 84.05 ± 12.76 179.55 ± 8.48 26.12 ± 4.03 41 21.40 ± 9.22 24.72 ± 7.61 62.31 ± 6.20
50 31 86.02 ± 15.58 177.83 ± 6.35 27.19 ± 4.81 29 24.81 ± 9.81 27.93 ± 7.49 61.19 ± 8.71
52 26 86.74 ± 13.86 176.33 ± 4.44 27.92 ± 4.62 23 24.54 ± 9.20 28.10 ± 6.68 60.88 ± 7.85
54 25 90.64 ± 18.00 178.73 ± 6.80 28.27 ± 5.04 22 26.71 ± 12.13 28.10 ± 7.74 64.78 ± 9.11
56 34 87.60 ± 16.52 175.62 ± 5.87 28.42 ± 5.37 27 25.96 ± 10.11 28.56 ± 7.13 62.22 ± 9.42
58 20 89.24 ± 14.37 176.82 ± 4.65 28.50 ± 4.26 16 25.89 ± 9.47 28.18 ± 6.74 63.44 ± 7.83
60 18 92.50 ± 13.26 177.53 ± 6.30 29.46 ± 4.87 13 28.34 ± 9.32 29.34 ± 5.79 66.05 ± 5.24
62 20 90.21 ± 15.20 175.46 ± 5.39 29.42 ± 5.71 18 30.09 ± 12.17 31.96 ± 7.15 61.25 ± 5.37
64 12 94.43 ± 16.32 178.20 ± 7.69 30.13 ± 7.26 6 31.35 ± 14.79 33.19 ± 11.22 59.91 ± 6.30
66 10 95.48 ± 18.30 178.71 ± 7.44 30.38 ± 8.19 6 22.90 ± 5.62 26.65 ± 4.28 62.28 ± 5.46
Women
40 30 64.87 ± 13.66 165.56 ± 5.14 23.58 ± 4.41 16 22.95 ± 9.88 33.45 ± 8.34 43.25 ± 5.56
42 47 66.69 ± 15.09 165.95 ± 5.38 24.17 ± 5.06 37 23.19 ± 10.40 33.03 ± 7.40 44.68 ± 7.41
44 42 66.39 ± 12.73 165.03 ± 5.48 24.43 ± 4.91 37 22.92 ± 9.10 33.59 ± 8.54 43.32 ± 4.99
46 62 67.59 ± 13.31 165.29 ± 5.49 24.74 ± 4.74 53 23.11 ± 9.46 33.23 ± 8.85 44.33 ± 6.01
48 39 71.13 ± 18.62 166.78 ± 6.21 25.56 ± 6.52 32 25.41 ± 13.73 34.53 ± 9.50 44.88 ± 6.75
50 43 70.46 ± 15.02 165.76 ± 5.37 25.61 ± 5.11 36 26.21 ± 9.63 36.00 ± 7.08 44.70 ± 5.84
52 36 68.36 ± 13.24 165.87 ± 5.82 24.83 ± 4.54 27 25.15 ± 9.95 35.41 ± 8.67 43.71 ± 6.14
54 30 68.77 ± 12.30 164.06 ± 5.31 25.57 ± 4.50 23 25.61 ± 9.44 36.57 ± 7.74 42.48 ± 4.39
56 26 72.29 ± 13.36 164.36 ± 5.32 26.70 ± 4.48 18 29.13 ± 8.18 40.04 ± 6.15 43.03 ± 9.08
58 27 66.78 ± 11.26 164.44 ± 6.32 24.63 ± 3.49 22 25.22 ± 7.35 37.93 ± 6.42 40.20 ± 4.99
60 18 66.00 ± 10.40 163.79 ± 6.82 24.61 ± 3.74 12 25.61 ± 7.04 37.89 ± 5.47 40.92 ± 3.94
62 20 62.42 ± 10.47 162.29 ± 6.23 23.73 ± 4.09 12 21.49 ± 6.56 35.03 ± 5.83 38.76 ± 3.56
64 18 63.73 ± 11.99 162.78 ± 7.41 24.05 ± 4.32 13 22.57 ± 8.02 35.99 ± 7.21 38.56 ± 3.88
66 7 69.01 ± 11.75 166.44 ± 7.07 24.89 ± 3.83 6 27.71 ± 8.62 39.38 ± 5.23 41.47 ± 4.89

1 x– ± SD. TBF, total body fat; BF, body fat; FFM, fat-free mass. Values for men and women are significantly different at all ages except 48, 50, 56, and
66 y for BMI; 40–60, 64, and 66 y for TBF; and 62–64 y for percentage BF, P < 0.05.



Long-term, serial body-composition data from underwater
weighing and concurrent measures of physical activity and, for
women, menopausal status and estrogen use, were analyzed for
210 adults aged 40–66 y. The maximum length of follow-up was
20 y with a mean follow-up of 9 y. A random-effects model was
used to determine the patterns of change over time in body com-
position and the parameters of the model were used to charac-
terize individual differences. The advantage of this model was
described elsewhere (21). This model analyzed the complete set
of serial data simultaneously, handled the occurrence of missing
values, and included measurements made at various time inter-

vals. The random-effects model also allowed the inclusion of
time-varying and non-time-varying covariates, such as physical
activity levels, menopausal status, and estrogen use. These
covariates were included in the model as time-varying covariates
to investigate changes in the dependent variable as affected by
concurrent values in another variable.

In general, there were age-related increases in weight, BMI,
total BF, and percentage BF in both men and women from 40 to
66 y of age; however, but FFM decreased in both men and
women over this same age range. The variability was greater for
fat than for FFM. There are several factors to which these age-
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TABLE 3
Parameter estimates from the selected random-effects models1

Variables Weight Height BMI TBF BF FFM

kg cm kg/m2 kg % kg

Men (n = 102)
Intercept 26.43 ± 1.532 20.89 ± 0.772 21.81 ± 0.462 23.40 ± 1.132 22.48 ± 1.052 22.71 ± 0.782

Age 0.30 ± 0.062 — 0.11 ± 0.022 0.37 ± 0.062 0.32 ± 0.042 20.07 ± 0.043

Age2 — 20.003 ± 0.00032 — — — —
Physical activity4

Low 2.76 ± 1.282 — 0.83 ± 0.392 2.53 ± 1.212 2.49 ± 1.082 —
Medium 1.79 ± 1.083 — 0.58 ± 0.333 1.33 ± 0.97 1.73 ± 0.863 —

Women (n = 108)
Intercept 20.77 ± 1.24 20.31 ± 0.52 20.38 ± 0.43 24.74 ± 1.712 24.95 ± 1.702 4.09 ± 1.072

Age 0.55 ± 0.062 — 0.22 ± 0.022 0.41 ± 0.082 0.33 ± 0.082 20.11 ± 0.032

Age2 — 20.003 ± 0.00022 — — — —
Menopausal status5

Premenopausal — — — 22.43 ± 1.102 23.10 ± 1.142 —
Perimenopausal — — — 21.93 ± 1.002 22.76 ± 1.042 —

Physical activity4

Low — — — 7.50 ± 1.582 8.85 ± 1.612 23.55 ± 1.052

Medium — — — 3.52 ± 1.302 4.65 ± 1.332 22.34 ± 0.832

Duration of
estrogen use6

≥5 y — — — — — 23.25 ± 1.422

<5 y — — — — — 21.43 ± 1.27
1Estimate ± SE. TBF, total body fat; BF, body fat; FFM, fat-free mass.
2P < 0.05.
30.05 < P < 0.10.
4Values are in reference to the group with high levels of physical activity.
5Values are in reference to the postmenopausal group.
6Values are in reference to those who did not use supplemental estrogen.

TABLE 4
Parameter estimates from the selected random-effects models including time since menopause (TSM) for women1

Variables Weight Stature BMI TBF BF FFM

kg cm kg/cm2 kg % kg

Intercept 0.54 ± 1.58 20.30 ± 0.67 0.04 ± 0.59 27.82 ± 2.242 27.40 ± 2.122 2.94 ± 1.602

TSM (y)
All 0.46 ± 0.092 20.04 ± 0.022 0.18 ± 0.032 0.45 ± 0.102 0.34 ± 0.082 —
Estrogen users — — — 0.50 ± 0.152 0.37 ± 0.112 20.16 ± 0.093

Estrogen (non-users) — — — 0.32 ± 0.132 0.29 ± 0.092 20.08 ± 0.072

Physical activity level4

Low — — — 14.17 ± 2.472 14.19 ± 2.382 24.20 ± 1.772

Medium — — — 7.99 ± 2.082 8.60 ± 2.002 23.42 ± 1.502

1Estimate ± SE. TBF, total body fat; BF, body fat; FFM, fat-free mass.
2P < 0.05.
30.05 < P < 0.10.
4Values are in reference to the group with high levels of physical activity.



related changes in body composition can be attributed. In the
present study, changes in body composition were mediated by
individual physical activity levels. Individuals with higher phys-
ical activity levels had smaller total BF and percentage BF val-
ues. This agrees with the findings of others (22, 23). Despite the
association between low physical activity level and increased
body weight and BMI in men, there was no apparent effect of
physical activity on weight and BMI in women. Variability in
body weight was due largely to the variation in body fat content
(18). In men, differences in physical activity level affected body
fat content significantly but not FFM (P < 0.05). As a result, the
effects of physical activity were seen in body weight and BMI.
In women, increased levels of physical activity were associated
with reduced body fat and increased FFM. As a result, the effects
of physical activity on body weight and BMI were diminished.

The sex-associated differences in the effects of physical activ-
ity on body weight, BMI, and body composition were due, in
part, to the differences in FFM between the sexes. The FFM if
women is approximately two-thirds that of men (18). Conse-
quently, differences in physical activity can noticeably affect the
amount of FFM in women but not in men. In men, higher physi-
cal activity levels were associated with lower body weight, BMI,
and body fat values but were not associated with FFM values.
This was partly due to the fact that men already had larger FFM
values and, possibly, the differences between the 3 levels of phys-
ical activity were not large. This finding implies that a low FFM
value can be improved by an increased level of physical activity,
and that the effects of an intervention program on body composi-
tion can be masked if only body weight or BMI is measured.

In addition to physical activity level, falling estrogen concen-
tration in women after menopause was a major risk factor for
increased body fat and decreased FFM. The transition in
menopausal status also played an important role in body fatness
for women. Although there was no apparent difference in weight,
BMI, or FFM between the 3 menopausal groups of women, the
effects of menopausal status on total BF and percentage BF were
clear. The postmenopausal women had greater total BF and per-
centage BF values than did the premenopausal women. Simi-
larly, the perimenopausal women had greater total BF and per-
centage BF values than did the premenopausal women. These
findings indicate the importance of measuring body composition
in studies of effects of menopausal status and highlights the
important point made by Heymsfield et al (13) that “weight
change alone is an inadequate guide to the underlying changes in
body composition that occur during menopause.”

Time since menopause also played an important role in the
changes that occurred in body composition. Postmenopausal
women who used estrogen had lost less FFM since the onset of
menopause than did those who had not used estrogen. Post-
menopausal women who used estrogen also had smaller gains in
total BF and percentage BF since the onset of menopause than
did those who did not use estrogen.

The present findings show the importance of measuring body
composition in clinical programs aimed at altering health risk.
There were effects of physical activity on both fat and FFM, but
not on body weight or BMI in women. Thus, body composition
should be measured in clinical management programs or in epi-
demiologic and clinical studies of aging, even perhaps at older
ages than those studied in the present investigation.

We conclude that a significant decrease in FFM and increases in
total BF, percentage BF, body weight, and BMI occur with age.

Significant positive effects of physical activity are increases in
FFM and decreases in total BF and percentage BF, but body weight
and BMI in women are not affected. In men, there are significant
positive effects of physical activity on total BF, percentage BF,
body weight, and BMI but no effects on FFM. In addition, the
longer the time since menopause, the greater the loss in FFM and
height and the greater the gain in total BF and percentage BF;
estrogen use alleviates the extent of losses in FFM and gains in fat.
The present results imply that 1) a low FFM can be improved by an
increased level of physical activity, 2) the effects of an intervention
program on body composition can be masked if only body weight
or BMI are measured, 3) the effects of physical activity are more
profound after menopause than from pre- to postmenopause, and
4) estrogen use has beneficial effects on body composition.
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