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Abstract

Aims—We evaluated whether changes over 10-11 years in weight, subcutaneous abdominal fat
(SQAF), and intra-abdominal fat (1AF) differ by age and contrasted age-related adiposity changes
by gender.

Methods—This is a prospective cohort study of non-diabetic, Japanese-American men and women
aged 34-74 years. IAF and SQAF were measured by CT scan at baseline and 10-11 year follow-up
visits.

Results—The youngest participants gained the most weight, SQAF and IAF over 10-11 years.
Older age at baseline was associated with significantly less change in weight (3-coefficient: —0.19,
95% CI —0.22, —0.15), SQAF (B-coefficient —0.07: 95% CI —0.11, —0.02) and 1AF (B-coefficient
—0.74: 95% CI —1.03, —0.45) that persisted even after adjustments for sex, smoking, caloric intake,
adiposity at baseline, and change in physical activity. Age was positively correlated with change in
SQAF (B-coefficient 0.14: 95% CI 0.10, 0.18) and IAF (B-coefficient 0.51: 95% CI 0.21, 0.81) in
separate models after further adjustment for weight change. Gender did not alter the associations
between adiposity change and age.
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Conclusions—Men and women gained the greatest absolute amount of weight, SQAF, and IAF
at younger ages; however, older adults with comparable weight changes had relatively greater fat
accumulation within IAF and SQAF depots.
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1. Introduction

The physiological changes that occur throughout the aging process and confer risk for the
development of cardiovascular disease and diabetes have not been fully studied. One potential
contributor is an increase in adiposity, particularly visceral adiposity, which is strongly linked
with an adverse cardiometabolic profile [1,2]. Prior studies from the Japanese American
Community Diabetes Study (JACDS) have determined intra-abdominal fat (IAF) to be a
predictor of incident type 2 diabetes, impaired glucose tolerance, hypertension and coronary
heart disease [3-6]. Given the multiple health risks associated with visceral adiposity,
knowledge of the period in one’s lifespan when accumulation of IAF is greatest would help
guide preventive measures.

Cross-sectional studies demonstrate a positive association between age and increased waist
circumference, body mass index (BMI), total body fat and IAF [7,8]. However, longitudinal
studies show that weight gain and increases in BMI are highest in young adults while declines
in weight and BMI are seen in adults over the age of 55 [9-11]. Since weight and BMI are
measures which also include muscle mass and bone mass and are influenced by height; changes
in these measurements may not accurately reflect changes in fat mass. To better understand
the process of fat accumulation in different body depots, longitudinal studies of changes in
visceral and subcutaneous fat depots with aging are needed.

Because of the metabolic risks associated with IAF and the poor ability of changes in weight
and BMI to act as a surrogate for changes in regional adiposity, we investigated when the
greatest increase in IAF and subcutaneous abdominal fat (SQAF) occur during the aging
process and whether these associations vary by gender.

2. Methods

2.1 Study Subjects

Non-diabetic, Japanese-American men and women of 100% Japanese ancestry from the
JACDS were included in this analysis. The recruitment and enrollment of this study population
has been previously described [12]. Briefly, subjects were recruited from 1983-1988 and
represented the age-distribution, parental immigration pattern, and demographic patterns of
Japanese Americans in King County, Washington. The study protocol was reviewed and
approved by the University of Washington Human Subjects Review Committee, subjects
provided written informed consent, and study procedures were in compliance with ethical
standards of the University of Washington Institutional Review Board.

A total of 658 Japanese-American men and non-pregnant women aged 34—74 years were
enrolled and underwent a baseline exam. Subjects were excluded if they met the WHO criteria
for type 2 diabetes at baseline or were on treatment for diabetes at any time during the study
(n=148) because diabetes treatment may influence weight gain [13]. There was an 80%
retention rate with only 103 participants lost to follow-up. Fourteen participants had missing
data on outcome measurements. After these exclusions, our cohort included 393 participants
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comprised of 116 Nisei (second-generation) men, 97 Nisei women, 89 Sansei (third-
generation) men and 91 Sansei women. No women became pregnant during the study.

2.2 Measurements

At baseline and 10-11 year follow-up visits, participants underwent physical exams and
computed tomography imaging. BMI was calculated using weight in kilograms divided by
height in meters squared. Blood pressure was measured with a mercury sphygmomanometer
in triplicate on participants while supine and the latter two measurements were averaged and
reported as millimeters of mercury. Measurements of IAF and SQAF areas in squared
centimeters were derived from a single-slice CT of the abdomen at the level of the umbilicus
because this level contains the greatest total fat/abdominal tissue ratio compared to neighboring
slices [14]. Furthermore, this method of measuring IAF and SQAF areas correlates highly with
IAF and SQAF volumes measured by helical CT [15].

2.3. Definitions

Smoking, menopausal status, diet, and physical activity history were obtained by questionnaire
at baseline. Smoking was categorized as current versus former or no prior use of cigarettes.
Menopausal history was derived from questions of menstrual history and estrogen use and
classified into 8-categories to capture changes in menopausal status. The categories included
stayed premenopausal, became perimenopausal, became postmenopausal, became
postmenopausal on estrogen replacement, stayed postmenopausal, stayed postmenopausal but
stopped estrogen replacement, stayed postmenopausal on estrogen replacement, and stayed
postmenopausal but started estrogen replacement. Caloric intake in kilocalories per day was
calculated from an 89-item food frequency questionnaire [16]. Physical activity in leisure time
was obtained from a modified Paffenbarger questionnaire and calculated as weekly kilocalories
of energy expenditure [17].

2.4, Statistical Analysis

Statistical analyses were performed using STATA SE10 (STATA Corp., College Station, TX).
The average baseline measures for weight and SQAF were assessed for each gender. The ratio
of SQAF/IAF was calculated for each study subject. Median values of IAF and SQAF/IAF
ratio by gender were shown given the skewed distribution of these baseline measurements.
Changes in weight, IAF, and SQAF were calculated as follow-up minus baseline
measurements. Significant differences between baseline and follow-up measures were
determined using Student’s t-test. The associations between the change in each measure of
adiposity and baseline age as a continuous variable was evaluated using linear regression
analysis in separate models. There was no evidence for non-linear associations between age
and changes in adiposity based on addition of age? or age? plus age® variables in the models.
To evaluate for differences in adiposity change with age by gender, a first-order multiplicative
interaction term between age and sex was examined in each linear regression model of the
relationship between age and change in adiposity adjusted for sex. Variables considered
potential confounders were included in models as covariates. In order to assess changes in
SQAF or IAF independent of total weight change, we performed additional analyses adjusted
for covariates and weight change. Statistical significance was determined by a two-sided p-
value < 0.05.

3. Results

The average age of the cohort was 51.6 years. On average they were of normal weight at

baseline with a mean BMI of 24.1 kg/m2. Men had greater mean weight, mean SQAF, median
IAF and lower median SQAF/IAF at baseline compared to women: 71.1 Kg vs. 54.6 Kg, 88.0
cm? vs. 83.3 cm?, 89.2 cm? vs. 52.9 cm?, and 0.99 vs. 1.57, respectively. By age, the youngest
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individuals had the lowest amounts of SQAF and IAF and the highest physical activity (Table
1). Baseline, follow-up and the change in measures of adiposity are presented in Table 2.
Baseline weight was lowest in adults over the age of 64 years; however this group had highest
baseline visceral adiposity. While there was no significant change in weight and SQAF in adults
aged >54 years, they still experienced a significant increase in IAF. The greatest gain in weight,
SQAF and IAF over 10-11 years occurred in the youngest group aged 34-43 years.

Univariate regression analyses revealed significantly less change over 10 years in weight,
SQAF and IAF with increasing age at baseline, with B-coefficients for these slopes of —0.19,
—0.07, and —0.74, respectively (Table 3, unadjusted models). The inverse relationship between
age and change in weight over 10-11 years (Fig. 1, panel A, y=-0.17x +11.01 men, y=—0.20x
+13.03 women) demonstrates that the youngest men and women gained the most weight. Based
on the regression line, 34 year old men and women gained on average, 5.2 kg and 6.2 kg,
respectively, whereas for men and women > 65 years, 10-11 year weight change was zero or
less (weight loss). The slopes between age and changes in SQAF were also negative for both
genders (y= —0.04x + 4.54 men, y= —0.11x + 4.74 women), but were of smaller magnitude
than the slopes seen for the associations between change in IAF and weight with age (Fig. 1,
Panel B). The change in IAF over 10 years showed a similar relationship to weight with
advancing age (Fig., Panel C, y= —0.63x+52.19 men and y= —0.86x+58.86 women). The
greatest average predicted IAF change was at the youngest age of 34 years: increases of 29
cm? for men and 26 cm? for women. The negative slope of the line between age and change
in IAF indicates less 10-11 year IAF gain among older compared to younger participants.
Participants of all ages gained IAF on average during follow-up, as indicated by the fact that
the regression line did not cross zero over the baseline age range of our population.

Gender differences in the relationship between age and changes in adiposity were examined.
The best fit regression line for men and women depicting the change in weight and IAF with
age nearly overlapped and were similar for the association between change in SQAF and age
(Fig. 1, Panels A-C). Insertion of an age x gender interaction term in adjusted regression
models revealed no significant difference by gender in the relationship between age and change
in weight or IAF in separate models (p-value for interaction terms = 0.35 and 0.42,
respectively). Although the relationship between change in SQAF and age appeared to be less
consistent between men and women compared to change in IAF or weight (Fig. 1, Panel C),
we again found no significant difference by gender (p=0.14).

Multiple regression analyses were performed on the entire cohort given the absence of
statistically significant gender differences to adjust for potential confounding variables.
Adjustment for baseline smoking status, sex, caloric intake, change in physical activity,
baseline measure of adiposity, and change in physical activity level over 10-11 years attenuated
but did not significantly alter the relationship between baseline age and change in IAF; the
association between baseline age and the changes in SQAF and weight were unaltered after
these adjustments (Table 3, Models with Lifestyle Measures). Adjustment for the change in
smoking status over 10-11 years did not significantly alter the relationships between age and
changes in adiposity (data not shown). Multiple regression models were also used to determine
if changes in adiposity with advancing age occurred independently of weight change during
follow-up. A positive and significant association between age and change in SQAF and IAF
emerged after adjustment for the change in weight (Table 3), indicating that for a given amount
of weight change, the changes in SQAF and IAF increased with older age at baseline.

4. Discussion

We found a negative association between age and changes in adiposity over a 10-11 year period
for Japanese-American men and women. These results revealed that the greatest absolute
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increases in body weight, SQAF and IAF occurred in the youngest men and women.
Participants of all ages gained IAF, but the absolute amount decreased with older age.
Interestingly, there was no significant difference in the relationship between age and changes
in adiposity by gender. The finding that the amount of change in weight, SQAF and IAF was
greatest in younger Japanese Americans suggests that preventive measures to control adverse
changes in body fat accumulation and subsequent development of associated chronic diseases
may Yield greatest benefits when targeted at young adults.

Another important finding of this analysis was that for a given 10-yr weight change, there were
greater increases in adipose tissue area in the intra-abdominal and subcutaneous abdominal fat
depots among older compared with younger subjects (within the age range studied). This may
seem contradictory on the surface with our finding of greater |AF accumulation at younger
ages, but can be explained by the greater absolute weight and adipose tissue accumulations
seen in younger subjects even though younger subjects accumulate a smaller proportion of
adipose tissue in the SQAF and IAF depots for a given amount of weight gain. When older
men and women gained weight, it appeared due to more abdominal fat mass (and by inference
less lean mass) compared with younger adults who gained the same amount of weight.

Multiple changes in body composition are known to occur with aging. Our data confirm prior
studies that men and women gain the most weight at younger ages, have progressively less
weight gain with advancing age, and are relatively weight stable around the age of 70 [18,
19]. While it may seem contradictory for older adults to continue gaining IAF with no weight
gain, this increase in visceral adiposity may occur concurrently with a loss in muscle mass or
extremity fat. Cross-sectional studies evaluating body composition support this by showing
that older men and women have higher BMI, total % body fat and fat mass, but decreased fat
free mass compared with younger adults [8]. Furthermore, longitudinal changes in body
composition in older adults demonstrate a loss in total, appendicular and leg fat-free mass with
no significant change in fat mass [18]. Our findings are contrary to what may have been
expected. Others have hypothesized a greater gain in fat mass and visceral adiposity in the
elderly attributed to decreased physical activity as well as declines in sex steroid hormones and
growth hormone with aging [20,21].

Regulation of adiposity is multifactorial and may not be characterized simply by an imbalance
between energy intake and energy expenditure. Lifestyle changes including increased caloric
intake and decreased physical activity levels have been implicated in increases in adiposity. In
our cohort, neither changes in activity level nor baseline caloric intake accounted for the greater
changes in adiposity among younger participants; although we cannot exclude the possibility
that measurementerror resulted in incomplete adjustment for these confounders. Thus, it would
appear that studying the period of young adulthood in greater detail could provide important
information about factors that account for the major changes in adiposity occurring at this time.

Differences in adiposity change with age by gender were also evaluated and found to be absent.
It is possible that the effect size or sample size was not great enough to detect a difference by
gender in this association. Given that there was no interaction between age and sex, the
relationship between age and changes in measures of adiposity were best estimated by the
entire cohort.

Understanding changes associated with the aging process is best accomplished using
longitudinal studies as opposed to comparing cross-sectional samples of different subjects
across the age spectrum. However, longitudinal studies can be limited by low retention rates
and high cost. This longitudinal study is unique in its use of repeat CT scans over a 10-11 year
time period to measure IAF and SQAF. The high retention rate of 80% at 10 years is a major
strength. The baseline characteristics of the participants lost to follow-up did not differ
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significantly from our analytic cohort. However, the participants lost to follow-up were on
average slightly older, had lower caloric intake and a higher amount of IAF at baseline.
Exclusion of participants who died likely did not bias our results in the direction of less weight
gain with greater age, since weight loss rather than weight gain is associated with mortality in
older individuals [22]. Limitations include the potential differences in generations and birth
cohort that may have influenced adiposity changes. However, when the relationship between
age and measures of adiposity was evaluated separately for Sansei and Nisei, similar slopes
for the associations were found (data not shown). Given a study population that is 100%
Japanese American, these results may not be applicable to other ethnic groups or different
generations of Japanese Americans. For example, subjects in the INTERLIPID study had a
higher average BMI compared to our cohort, but this study included 3 and 4t generation
Japanese Americans who may have experienced greater acculturation than subjects in our
cohort [23]. Asians may have a greater amount of truncal fat at any given age than Caucasians
and African-Americans [24]. While we cannot extrapolate these findings to other ethnic groups,
our findings are supported by another study that examined CT-measured change in visceral fat
area by age and ethnicity and showed that the greatest increase over 5 years occurred in the
youngest subjects. While they found declines in fat accumulation by advancing age group, the
trends were not significant; perhaps due to the shorter follow-up as compared to our study
[25]. Our study population included participants between ages 34 and 74 at baseline with the
youngest enrollees showing the greatest weight gain, IAF and SQAF accumulation. A report
from the Netherlands that examined change in body mass by age showed that the greatest
increase in BMI was seen for 20-year olds [26], suggesting that the greatest accumulation of
IAF and SQAF may occur in very young adulthood. Studies including young adults and
adolescents are also needed to evaluate when this surge of fat accumulation occurs, especially
in the context of rising rates of obesity in younger adults. Although we found no differences
in the associations between age and fat accumulation by gender, absence of this interaction
may or may not be generalize to other populations.

In conclusion, in this longitudinal analysis, the greatest absolute increase in weight, SQAF and
IAF occurred at younger ages. When weight change during follow-up was held constant
through statistical adjustment, older age was associated with higher SQAF and IAF change.
Although greater weight and adiposity gain occurred at younger ages, a smaller degree of
weight gain at older ages may result in similar adverse metabolic consequences due to an
expansion of the IAF depot. These results would argue that efforts aimed at preventing weight
gain be directed to younger age groups in order to reduce the overall amount of fat mass, and
in particular visceral fat mass, gained in a lifespan.
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Figure 1.

A: Linear regression of AWeight with Age, (r=—0.43, p<0.001 for males and r=—0.51, p<0.001
for females). B: Linear regression of ASQAF with Age, (r=—0.08, p=0.23 for males and r=
—0.24, p=0.001 for females). C: Linear regression of AIAF with Age, (r=—0.18, p=0.008 for
males and r=—0.34, p<0.001 for females).
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Table 1
Baseline characteristics by age group
Age (years)

44-53 (n=60) 54-63 (n=122) >64 (n=72)
Male 55% 55% 50%
Smokers 18% 5% 11%
Caloric intake (Kcal/day) 1909 (549) 1733 (564) 1718 (578)
Physical activity (Kcal/week)* 2888 (2098) 2522 (1754) 2345 (1457)
Weight (Kg) 66.5 (14.5) 63.0 (12.4) 59.9 (9.9)
SQAF (cm))” 87.8 (10.3) 87 (8.0) 87.1(6.6)
IAF (cm?)* 41.8(23.4,78.4) 69.8(40.4,106.5) 89.2(61.7,122.2) 94.7 (69.3, 132.4)

Data are means (s.d.), medians (interquartile range) or proportions.

*
p <0.05 for trend test
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