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Abstract
The purpose of our study was to determine whether self-reported physical activity (PA), including
recreational, household, and exercise activities, is associated with intra-abdominal fat (IAF) in
community-dwelling white and black midlife women. We performed a cross-sectional study of
369 women from the Chicago site of the Study of Women’s Health Across the Nation (SWAN)
ancillary study, the SWAN Fat Patterning Study. PA level was the independent variable, and IAF,
assessed by computerized tomography (CT) scan, was the dependent variable. Measures were
obtained at SWAN Fat Patterning Baseline visit between August 2002 and December 2005. Linear
regression models explored the association between PA and IAF. The first model included IAF as
the outcome and total score PA as the main predictor, adjusting for total percent fat mass, age, and
ethnicity. The second model included education, parity, sex hormone–binding globulin (SHBG)
level, and depressive symptoms, measured by Center for Epidemiological Studies-Depression
(CES-D) scale. Each 1-point higher total PA score was associated with a 4.0 cm2 lower amount of
IAF (P = 0.004), independent of total percent fat mass, age, ethnicity, SHBG level, educational
level, CES-D, and parity. Associations did not differ between white and black women. This study
demonstrates a significant negative association between PA and IAF independent of multiple
covariates in midlife women. Our findings suggest that motivating white and black women to
increase PA during midlife may lessen IAF, which may have a positive impact on subsequent
development of diabetes and cardiovascular disease.

INTRODUCTION
Intra-abdominal fat (IAF) is an independent risk factor for cardiovascular disease and
diabetes mellitus (1–4). Despite decades of public health messaging regarding the health
dangers of obesity, the number of individuals with abdominal obesity continues to rise.
More than half of adults in the United States in 2004 had abdominal obesity, measured as
exceeding waist circumference cut-points from the American Heart Association (5). In
women, between 1960 and 2000, mean waist circumference increased from 77.1 to 94.3 cm
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and the prevalence of abdominal obesity, defined at >88 cm (>35 inches), tripled from 19 to
60% (6). In women, particularly obese women, the accumulation of IAF was associated with
elements of the metabolic syndrome, including hyperinsulinemia, dyslipidemia, and
hypertension (7–11). In a recent meta-analysis, BMI was found to be the poorest predictor of
hypertension, diabetes mellitus, and dyslipidemia when compared to measures of abdominal
obesity including waist circumference, waist-to-hip ratio, and waist-to-height ratio (12).
Several age-adjusted studies of midlife women have found that central adiposity is related to
the menopausal transition (13–16). Although BMI, subcutaneous abdominal fat (SAF), and
total fat increase linearly through the menopausal transition, only IAF has been shown to be
significantly greater in post- vs. premenopausal women, adjusting for age (17).

Because of the menopause-related increase in IAF, it is clinically useful to identify
behaviors that may help midlife women to reduce IAF, and thereby reduce risk for diabetes
mellitus and cardiovascular disease. Exercise interventions to date have suggested short-
term benefits on reducing IAF mass (18–20). It has been shown that exercise and weight
loss, via caloric restriction or pharmacological therapy, cause a preferential loss of IAF
when adjusted for loss of body fat, especially in individuals with greater IAF mass (21). A
recent meta-analysis reported the value of solo aerobic exercise in promoting a preferential
reduction in IAF (22). Energy expenditure was expressed as metabolic equivalents (METs)
per hour per week. The meta-analysis included clinical exercise interventions with 18- to 65-
year-old male and female subjects enrolled in aerobic exercise programs only and instructed
to maintain energy intake. The authors concluded that 10 METs/h/week, grossly equivalent
to 2.5 h/week of moderate (4 METs) physical activity (PA), was sufficient to reduce IAF.
None of the interventions included in the meta-analysis focused on menopause-related IAF
or on African-American women.

African-American women have higher rates of coronary heart disease morbidity and
mortality, and more total body and subcutaneous fat than white women (23). Although the
associations between visceral fat and disease risk appear to be equally strong for women of
both racial/ethnic groups, of interest, most studies have found that for a given level of total
body fat, African-American women have lower levels of IAF than their white counterparts
(24).

In this study, we examined the association between PA and IAF in midlife women at
different stages of the menopausal transition. We hypothesized a menopause-related increase
in IAF, with higher levels of IAF in postmenopausal compared to pre- and perimenopausal
women. In addition, we hypothesized that women reporting higher levels of PA would have
lower IAF. Further, given that African-American women suffer a higher burden of coronary
heart disease than white women, we explored whether the hypothesized association between
PA and IAF differed by race/ethnicity. Finally, we hypothesized that reported exercise of
moderate intensity and duration would be associated with lower levels of menopause-related
increased IAF.

METHODS
Subjects

Subjects were 369 women (55% whites; 45% African Americans) enrolled in the Study of
Women Across the Nation (SWAN) Chicago site who were participating in the SWAN Fat
Patterning Study, an ancillary study of the accumulation of IAF during the menopausal
transition. SWAN is a multisite, multiethnic, longitudinal, prospective study of women
transitioning through menopause. Inclusion criteria at the SWAN baseline were as follows:
age of 42–52 years, not pregnant or breastfeeding, an intact uterus and at least 1 ovary,
reported menstrual bleeding within the past 3 months, not currently using medications
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known to affect pituitary or ovarian function, and not using exogenous hormones within the
3 months preceding the baseline interview. Subjects completed annual interviews and
assessments. Details of SWAN recruitment and protocol have been reported previously (25).

Enrollment for the ancillary Chicago SWAN Fat Patterning Study was coincidental with
annual SWAN follow-up visits 4–8 from August 2002 through December 2005. Chicago
SWAN women were ineligible for the ancillary study if they: (i) had a history of diabetes,
chronic liver disease, and/or renal disease; (ii) self-reported a history of anorexia nervosa or
alcohol or drug abuse; (iii) were currently pregnant or planning to become pregnant; (iv) had
undergone surgical menopause (hysterectomy and/or bilateral oophorectomy); (v) had breast
implants, hip replacements, or weighed ≥299 pounds which would preclude accurate
imaging. Seventy-seven percent of eligible Chicago SWAN participants enrolled in the Fat
Patterning Study. Because interest was in studying a full range of menopausal status and
because many SWAN participants were already postmenopausal by the time the Fat
Patterning Study began, we recruited an additional 138 pre- and perimenopausal women
who were screened as part of the original SWAN recruitment effort in 1996 but were too
young to participate. These newly recruited women did not differ from the SWAN women in
level of PA, BMI, education, or age-adjusted total fat or IAF. The final cohort consisted of
435 women (200 African Americans and 235 whites). Due to missing data on IAF (due to
equipment malfunction) (n = 3) and PA score (n = 1), new surgical menopause (n = 23), new
hormone use (n = 24), or missing covariates (n = 15), 369 women (166 African Americans,
203 whites) were included in the current analyses.

Procedures
Full details of the SWAN protocol are provided elsewhere (25). At study entry and annually
thereafter, women in SWAN completed a standard assessment including self-administered
and interviewer-administered questionnaires assessing social, economic, behavioral,
psychological, health and lifestyle characteristics, anthropometric measures, blood pressure
readings, and laboratory measures based on fasting blood specimens. Laboratory measures
assessed reproductive hormones, glucose and insulin levels, clotting factors, lipid and
lipoprotein profiles. Covariates for the present analyses were measured as part of the annual
SWAN assessment coincident with recruitment to the SWAN Fat Patterning Study. The 138
women recruited specifically to the Fat Patterning Study completed the same protocol as the
SWAN participants, including the measurements obtained for the annual SWAN visit and
the specific assessments of body composition for the Fat Patterning Study. Data presented
here are from the baseline visit for the Fat Patterning Study. The study was approved by the
Rush University Medical Center Institutional Review Board and all women provided
written, informed consent for their participation.

Assessment of physical activity
PA was assessed using an adapted version of the Kaiser Physical Activity Survey, a standard
questionnaire assessing the frequency of sport/exercise, recreational activities and
household/childcare activities (26). The Kaiser Physical Activity Survey was administered at
SWAN follow-up years 4, 6, 7, and 8 for women drawn from the SWAN cohort
(corresponding to the SWAN visit that was closest to their fat patterning assessment), and at
the fat patterning baseline for the 138 additional participants. A total activity score was
created by summing across Kaiser Physical Activity Survey domains, with a higher score
indicative of greater activity (27). Item responses in each domain are Likert-scale, with
domain-specific activity indices ranging from 1 to 5, with 5 indicating the highest level of
activity in that domain. We used the normally distributed continuous total PA score for the
independent variable. Analyses using total PA score tertiles resulted in similar results.
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To provide a clinically meaningful measure of aerobic exercise dosing to test our hypothesis
that reported exercise of moderate intensity and duration would be associated with lower
levels of menopause-related increased IAF, we calculated a new measure, which we called
the Clinical PA Index. The Kaiser Physical Activity Survey sport/exercise index includes a
write-in section of sport/exercise with related questions on duration (h/week) and intensity
(none, small, moderate, or large increase in heart rate and breathing). Those who reported
exercising for ≥2 h/week for at least 9 months of the year and who had a moderate increase
in their heart rate during exercise were classified as the Clinically Significant PA Group
with those not meeting this level classified as the No Clinically Significant PA Group.
Thirteen women made no response to the sport/ exercise leaving a total of 356 women for
this analysis.

Assessment of fat patterning
IAF and SAF were assessed by computerized tomography (CT) of the abdomen using a
General Electric Lightspeed VCT scanner (General Electric Medical Systems, Milwaukee,
WI). Each participant was scanned in the supine position with her arms folded across her
chest. In women still cycling, the test was done during the first 12 days of her menstrual
cycle. After a scout view, a single 10-mm thick image at the L4–L5 vertebral space was
obtained, stored on optical disk, and transferred to the reading center at the University of
Colorado Health Sciences Center for analysis using their software (RSI, Boulder, CO). The
radiologist reading the scans was blinded to the participants’ information. Total abdominal
fat area was defined by using a cursor to delineate the area within the muscle wall
surrounding the abdominal cavity (28,29). IAF was defined as all adipose tissue within this
area with an attenuation range between −190 and −30 Hounsfeld Units (28). IAF area was
subtracted from total abdominal fat area to quantify SAF (29).

Assessment of covariates/descriptives
Total body fat was assessed by dual-energy X-ray absorptiometry, using a General Electric
Lunar Prodigy scanner (GE-Lunar, Madison, WI), which was calibrated daily to insure
accuracy. The dual-energy X-ray absorptiometry scans were performed on the same day as
the CT scan, with the participant supine with arms at her side. Scans were analyzed using
enCORE software (GE-Lunar). Total body fat was quantified as the percent of fat in the
total body, in order to represent the amount of fat for a given body size. Total percent fat
mass was calculated as total fat mass/(total fat mass + total lean mass).

Race/ethnicity was self-reported as either non-Hispanic African-American or non-Hispanic
white (referent). Age was self-reported in years and modeled continuously in all analyses.
Respondents reported 1 of 5 educational levels (less than a high-school diploma, high-school
diploma, some college, college degree, postgraduate education ( referent category)). Parity
was calculated by report of number of live births at baseline. Depressive symptoms are
assessed annually in SWAN with the 20-item Center for Epidemiological Studies-
Depression (CES-D) scale. A score of ≥16 on the CES-D is considered indicative of
clinically significant symptomatology (30). In analyses, we modeled the CES-D
dichotomously with CES-D score ≥16 vs. <16 (referent).

Continuous values of sex hormone–binding globulin (SHBG) were used as a biological
measure of menopausal status and were assessed from fasting blood specimens. Blood was
drawn on the morning following an overnight fast, with study visits scheduled during days
2–5 of the menstrual cycle in subjects still cycling. All samples were maintained at 4 °C
until separated and then were frozen at −80 °C and shipped on dry ice to central laboratory.
SHBG was then measured by a competitive chemiluminescent assay (Bayer Diagnostics,
Norwood, MA) with coefficients of variation of 3–12%. For 8% of participants without an
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SHBG value from the concurrent SWAN visit, the SHBG value from the most recent
previous SWAN visit within ≤12 months was used.

Data analysis
Descriptive statistics were used to characterize the study sample on age, education, parity,
CES-D score, PA, and amount of total body fat, SAF, and IAF. T-tests and χ2-tests were
conducted to examine differences in these characteristics by race/ethnicity and to compare
the mean values of SAF and IAF in the cohort by menopausal status and PA group. A series
of linear regression models explored the association between PA and IAF. The first model
included IAF as the outcome and PA score as the main predictor, adjusting for total percent
fat mass, age, and ethnicity. The second model included additional covariates including
education, parity, SHBG level, and depressive symptoms, measured by the CES-D Scale.
Secondarily, we examined whether the association between PA and IAF differed by race, by
testing a race × PA interaction.

RESULTS
Participant characteristics

Table 1 presents characteristics of the sample by ethnicity. The participants were 50 years of
age on average, well educated, and 72% exceeded normal weight (<25 kg/m2). African-
American women had higher SAF, total body fat mass, total percent fat mass, waist
circumference, and BMI but comparable IAF. They had lower PA scores and higher levels
of depressive symptoms. Table 2 shows IAF and SAF by the Clinical PA Index with 171
women in the Clinically Significant PA Group and 185 women in the No Clinically
Significant PA Group.

Associations between PA, menopause, and IAF
Figure 1 presents IAF by menopausal status and Clinical PA Index. In the overall cohort,
there was a statistically significant difference in the postmenopausal subjects compared to
pre- and perimenopausal subjects in mean IAF (110.03 (58.1) vs. 85.1 (46.9) cm2, P <
0.0001) (Table 2). In those in the Clinically Significant PA Group (exercising for ≥2 h/week
and reported a moderate increase in their heart rate during exercise) there was a moderate
increase in IAF with menopausal status. However, this increase in mean IAF was more
pronounced in those in the No Clinically Significant PA Group. We did not find a
statistically significant difference in SAF by menopausal status or Clinical PA Index.

Associations between PA and IAF
Table 3 presents multivariate modeling PA on IAF. In model 1, each additional point on the
PA scale related to a 5.0 cm2 decrease in IAF (estimate = −5.0; s.e. = 1.4; P = 0.0005),
independent of percent total fat mass, age, and ethnicity. Adding SHBG, education, CES-D,
and parity to the model (model 2) slightly reduced the strength of the impact of PA on IAF
(estimate = −4.0; s.e. = 1.4; P = 0.004). The associations between PA and IAF did not differ
between black and white women (test of interaction, PA × ethnicity = P = 0.7488; data not
shown).

DISCUSSION
This study demonstrates a significant negative association between PA and IAF independent
of multiple covariates in a sample of African-American and white women at midlife. There
is biologic plausibility for this association. Although SAF drains into the systemic
circulation, IAF drains directly into the portal circulation, releasing free fatty acids and
causing insulin resistance (10). Moreover, expanded IAF mass produces proinflammatory
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cytokines that could contribute to premature atherosclerosis and increase the risk of an acute
coronary syndrome (31). Excess IAF has been associated with markedly reduced plasma
levels of adiponectin, a cytokine synthesized by fat cells that has antiatherogenic and
antidiabetic properties (32–34). In our study, subjects in the Clinically Significant PA group
were able to blunt the menopause-related increase in IAF. This may be related to a
hypothesized link between exercise and cytokine response.

Menopause is a time when PA decreases and IAF increases. A recent longitudinal study of
African-American and white midlife women found reduced PA levels before and during
menopause and decreased energy expenditure and fat oxidation (17). Both cross-sectional
and longitudinal studies have shown an increase in IAF over the menopause, independent of
age and total body fat (35–38). On average, women in our study had IAF of 95.3 (53.1) cm2.
Each 1-point higher total PA score related to 4.0 cm2 lower IAF, roughly 4.2% of our
subject’s average IAF.

Although we could not directly compare our findings to the meta-analysis of solo aerobic
exercise interventions on IAF as our SWAN subjects were not constrained in energy intake,
we wanted to explore how community-based, self-selected sports/exercise dosing might
impact the menopause-related increase in IAF. The Clinical PA Index that we calculated did
not have the same cut-points as that used in the recent meta-analysis with our Clinically
Significant PA Group performing at ≥8 METs/h/week (≥2 h of moderate (4 METs)) not the
10 METs/h/week level they concluded was necessary for a preferential reduction in IAF
(22). We found that in our Clinically Significant PA Group there was less of an increase in
IAF in the pre-/pericompared to postmenopausal subjects relative to the No Clinically
Significant PA Group. Eight METs/h/week may not completely blunt the menopause-related
increase in IAF; however, it does weaken it.

Consistent with previous studies, African-American women in our cohort had higher total
body fat mass and SAF than their white counterparts but lower IAF (24,39). Thus ethnic
differences in such anthropometric measures as BMI are largely accounted for by
differences in SAF. We found no differences between the white and African-American
women in the relationship between PA and IAF, suggesting that for both ethnic groups PA
could have benefits on IAF.

Strengths of this study include a large biracial sample of women from a well-characterized
cohort study, CT assessments for quantifying IAF and SAF, and adjustment for important
correlates of intra-abdominal adiposity, including total body fat mass by dual-energy X-ray
absorptiometry scan. The study has limitations. PA was measured using a recall survey.
There is no measure of physical or cardiovascular fitness, which may play a role in the
association between PA and IAF. As the data presented here are cross-sectional, we cannot
conclude that lower PA causes more IAF. Our findings suggest that motivating white and
black women to increase their PA during their middle years can positively modify
menopause-related increases in IAF, which may impact positively on cardiovascular disease
risk profile with further determinations of the mode, frequency, duration, and timing of
exercise warranted.

With repeat longitudinal assessments of IAF over 4 years in the SWAN Fat Patterning
Study, we hope to further elucidate the temporal relationship between PA and IAF and
determine a dose–response curve for the amount of PA needed to combat the accumulation
of intra-abdominal adiposity over the menopause. Future research is needed to tease out the
role of cytokines in this relationship, especially related to menopausal status, ethnic groups,
body composition, and PA level.
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Figure 1.
Intra-abdominal fat area by menopausal status and Clinical Physical Activity Index.
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Table 1

Demographic characteristics by race/ethnicity in SWAN Fat Patterning Study

Total cohort African American White

N 369 166 203

Age, mean (s.d.) 50.7 (3.9) 50.6 (3.7) 50.9 (4.1)

Intra-abdominal fat (cm2), mean (s.d.) 95.3 (53.1) 96.8 (58.5) 93.6 (45.8)

SAF (cm2), mean (s.d.) 392.4 (162.7) 440.3 (168.5) 353.2 (147.1)***

Total body fat mass, mean (s.d.) 33,381.6 (13,008.2) 36,950.4 (13,314.6) 30,533.7 (12,052.3)***

Total percent fat, mean (s.d.) 43.3 (8.5) 45.1 (8) 41.8 (8.7)***

Physical activity scorea, mean (s.d.) 7.8 (1.6) 7.3 (1.6) 8.1 (1.6)***

SHBG (nmol/l)b, mean (s.d.) 54.2 (31.3) 54.6 (31.2) 53.9 (31.5)

CES-D score, mean (s.d.) 6.9 (7.3) 7.7 (7.8) 6.2 (6.8)*

CES-D ≥16, N (%) 47 (13.4) 28 (18.1) 19 (9.6)*

Current smoker, N (%) 77 (20.9) 40 (24.1) 37 (18.2)

Education, N (%)

 Less than an HS diploma 7 (1.9) 4 (2.4) 3 (1.5)**

 HS diploma 36 (9.8) 17 (10.2) 19 (9.3)

 Some college 100 (27.1) 60 (36.2) 40 (19.7)

 College degree 90 (24.4) 34 (20.5) 56 (27.6)

 Graduate school 136 (36.8) 51 (30.7) 85 (41.9)

Parity, N (%)

 0 52 (14.1) 21 (12.7) 31 (15.3)*

 1–2 Children 168 (45.5) 89 (53.6) 79 (38.9)

 >2 Children 149 (40.4) 56 (33.7) 93 (45.8)

Menopausal statusc, N (%)

 Premenopausal 47 (12.7) 16 (9.6) 31 (15.3)

 Early perimenopausal 135 (36.6) 66 (39.7) 69 (34.0)

 Late perimenopausal 35 (9.5) 14 (8.5) 21(10.3)

 Postmenopausal 152 (41.2) 70 (42.2) 82 (40.4)

Waist circumference (cm), mean (s.d.) 89.9 (13.6) 92.5 (13.4) 87.8 (13.4)***

BMI (kg/cm2), mean (s.d.) 29.1 (6.2) 31 (6.5) 27.6 (5.6)***

Weight categories, N (%)

 Normal weight (BMI< 25 kg/cm2) 104 (28.3) 35 (21.3) 69 (33.9)***

 Overweight (BMI 25 to <30 kg/cm2) 122 (33.3) 48 (29.2) 74 (36.5)

 Obese (BMI ≥30 kg/ cm2) 141 (38.4) 81 (49.5) 60 (29.6)

CES-D, Center for Epidemiological Study-Depression scale; HS, high school; PA, physical activity; SHBG, sex hormone–binding globulin;
SWAN, Study of Women’s Health Across the Nation.

a
Range of PA score 3.5–12.5.

b
Range for SHBG 6.8–229.9 nmol/l.
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c
SWAN used bleeding patterns to categorize menopausal status: premenopausal (no bleeding irregularity in past 3 months), early perimenopausal

(less predictable menses in last 3 months), late perimenopausal (no menstrual bleeding for at least 3 months but not >12 months), and
postmenopausal (no menstrual bleeding for at least 12 months).

*
P <0.05;

**
P < 0.01;

***
P < 0.001.
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Table 3

Results of adjusted linear regression models examining physical activity in relation to intra-abdominal fat

Model 1 (N = 369) Model 2 (N = 369)

Estimate (s.e.) P Estimate (s.e.) P

Intercept −109.9 (29.9) 0.0003 −84.6 (29.3) 0.004

Physical activity score −5.0 (1.4) 0.0005 −4.0 (1.4) 0.004

African American −18.9 (4.5) <0.0001 −18.4 (4.3) <0.0001

White Referent Referent

Total percent fat 3.4 (0.3) <0.0001 3.1 (0.3) <0.0001

Age 2.1 (0.6) 0.0004 2.1 (0.6) 0.0003

Education ≤HS diploma 7.1 (6.5) 0.2784

At least some college Referent

# Children 0.1 (1.5) 0.9301

Depressive symptoms 19.6 (6.3) 0.0022

SHBG −0.4 (0.1) <0.0001

HS, high school; SHBG, sex hormone–binding globulin.

Obesity (Silver Spring). Author manuscript; available in PMC 2011 July 19.


