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OBJECTIVE — The purpose of this study was to assess the relationship between lifestyle
factors and abdominal subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) in a
community-based setting.

RESEARCH DESIGN AND METHODS — Cross-sectional associations between life-
style factors (dietary quality, physical activity, smoking, and alcohol consumption) and SAT and
VAT volumes were examined in 2,926 Framingham Heart Study participants (48.6% women,
aged 50 � 10 years).

RESULTS — Diets consistent with the 2005 Dietary Guidelines Adherence Index and greater
physical activity were inversely associated with SAT and VAT (P � 0.0001–0.002). In men,
former smoking was associated with higher SAT (2,743 � 56 cm3) compared with current
smokers (2,629 � 88 cm3) or those who never smoked (2,538 � 44 cm3; P � 0.02). Both former
and current smoking was associated with higher VAT (P � 0.03 [women]; P � 0.005 [men]).
Women with high amounts of alcohol intake (�7 drinks/week) had lower SAT (2,869 � 106
cm3) than those who consumed less alcohol (3,184 � 44 cm3, P � 0.006); significant differences
in VAT were not observed (P � 0.18). In men, high amounts of alcohol intake (�14 drinks/
week) were associated with higher VAT (2,272 � 59 cm3) compared with intake of �14
drinks/week (2,139 � 25 cm3, P � 0.04), whereas SAT did not differ (P � 0.91). An increasing
number of healthy lifestyle factors were associated with lower SAT and VAT volumes (all P �
0.003).

CONCLUSIONS — Adherence to recommended dietary guidelines and physical activity are
associated with lower SAT and VAT volumes. However, both smoking and high alcohol intake
are differentially associated with VAT volumes. Further research to uncover the putative mech-
anisms is warranted.

Diabetes Care 32:505–510, 2009

Abdominal adiposity is strongly asso-
ciated with metabolic and cardio-
vascular disease (CVD) risk (1) and

all-cause mortality (2). Visceral adipose
tissue (VAT) in particular may be a patho-
genic fat compartment (3). Numerous
studies have demonstrated that central
obesity is associated with lifestyle factors
(4–6). However, the majority of these
studies used waist circumference as a
proxy for abdominal obesity, which does
not allow for the differentiation between
subcutaneous adipose tissue (SAT) and
VAT. As VAT is more strongly associated
with metabolic risk factors than SAT (3),
it is important to identify whether VAT is
more correlated with lifestyle factors. This
information may provide more under-
standing of the relationship between a
healthy lifestyle and VAT and the contri-
bution of individual lifestyle factors to
cardiometabolic risk.

Thus, the aim of the present study
was to examine the relation between life-
style factors (dietary quality, physical
activity, smoking, and alcohol consump-
tion) and SAT and VAT volumes, as
assessed by multidetector computed to-
mography (MDCT), in a large population-
based cohort of women and men free of
CVD.

RESEARCH DESIGN AND
METHODS — Participants for this
study were part of the Framingham Heart
Study MDCT Study, a substudy of the
population-based Framingham Heart
Offspring and Third Generation study co-
horts. Starting in 1948, 5,209 men and
women were enrolled in the original co-
hort of the Framingham Heart Study. In
1971, the offspring and spouses of the off-
spring of the original cohort enrolled in
the Framingham Offspring Study. Selec-
tion criteria and study design have been
described previously (7). Beginning in
2002, 4,095 adults who had at least one
parent in the Offspring cohort were en-
rolled in the Framingham Heart Study
Third Generation cohort and underwent
standard clinic examinations (8). The ex-
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amination included a physician inter-
view, a physical examination, and
laboratory tests. The study sample for the
current study consisted of women and
men from the Offspring and Third Gen-
eration study cohorts who participated in
the MDCT study. The study protocol was
approved by the institutional review
boards of Boston University Medical Cen-
ter and Massachusetts General Hospital.
All subjects provided written informed
consent before study participation.

In total, 1,418 Offspring and 2,111
Third Generation participants underwent
MDCT measurements of coronary and
aortic calcium between June 2002 and
April 2005; subcutaneous and visceral fat
measures were ascertained secondarily af-
ter study completion. Men had to be 35
years of age; women had to be 40 years of
age and not pregnant; and all participants
had to be free of CVD and weigh �352
lbs. Of the total 3,529 participants im-
aged, 3,394 had interpretable computed
tomographic measures, 3,370 of those
had both SAT and VAT measured, 3,164
of those were free of CVD, 3,142 of those
attended the contemporaneous examina-
tion, and 3,141 of those had at least one of
the lifestyle factor variables. Of these
3,141 participants, 2,926 had a complete
covariate profile. Data on dietary intake
were only available for a subset of the Off-
spring cohort (n � 925 participants).
Nearly all participants were white (8).

Abdominal adipose tissue
measurement
Imaging of the chest and abdomen was
performed using an eight-slice MDCT
(LightSpeed Ultra, GE Healthcare, Mil-
waukee, WI) as described previously (9).
In brief, 25 contiguous 5-mm thick slices
(120 kVp, 400 mA, gantry rotation time
500 ms, and table feed 3:1) were obtained
covering 125 mm above the level of S1.
Volumes of SAT and VAT were assessed
(Aquarius 3D Workstation; TeraRecon
Inc., San Mateo, CA) as described previ-
ously. In brief, fat pixels were identified
(image display window width �195 to
�45 Hounsfield units [HU]; window
center of �120 HU), and the abdominal
muscular wall was manually traced to
separate the visceral from the subcutane-
ous compartment (9). Inter-reader repro-
ducibility was high, with interclass
correlations of 0.992 for VAT and 0.997
for SAT (9).

Lifestyle factors and covariate
assessment
Lifestyle factors and covariates were mea-
sured at the contemporaneous examina-
tion cycles.
Diet. Dietary intake was assessed using
a semiquantitative food frequency ques-
tionnaire consisting of 126 items devel-
oped by Willett et al. (10) Then, the
recently validated 2005 Dietary Guide-
lines Adherence Index (DGAI) (4) was
used as a summary measure of adher-
ence to the 2005 Dietary Guidelines
(11). In brief, the DGAI consists of a
total of 20 items. Eleven index items
assess adherence to energy-specific food
intake recommendations, and nine as-
sess adherence to healthy choice nutri-
ent intake recommendations. Each item
is scored from a minimum of 0 to a max-
imum of 1, with a maximum score of 20
points.
Physical activity. Habitual physical ac-
tivity was assessed using a structured
questionnaire. Subsequently, the average
daily number of hours at different levels
of activity (sleep, sedentary, slight, mod-
erate, and heavy activity) was determined.
A physical activity index (PAI) score was
calculated by summing the reported
numbers for each level of activity,
weighted by their estimated metabolic ex-
penditure, as described previously (12).
The PAI ranges from a minimum score of
24, indicating 24 h of sleeping, to a max-
imum score of 120, indicating 24 h of
heavy physical activity (12).
Smoking. Participants were questioned
in detail about current and prior cigarette
smoking habits and were considered to be
current smokers if they reported smoking
at least one cigarette per day for the last
year, former smokers if they were not
smoking at present but had previously
smoked as much as one cigarette per day
for as long as 1 year, and never smokers if
they smoked neither at present nor in the
past. In addition, cumulative exposure
(pack-years of smoking) was calculated
by multiplying the number of cigarettes
smoked per day by the number of years
smoked. One pack-year was equivalent to
1 cigarette pack per day for 1 year.
Alcohol consumption. Information on
the amount of alcohol consumption was
obtained from a physician-administered
questionnaire in which participants were
asked to report on the average number of
drinks per week over the previous year.
Based on current alcohol guidelines (11),
women consuming �7 drinks/week and
men consuming �14 drinks/week were

defined as light-to-moderate drinkers;
participants exceeding these cutoff points
were defined as high alcohol consumers.
Healthy lifestyle factors. Healthy life-
style habits were defined as the upper
quartile of the PAI, abstinence from
smoking, and moderate alcohol con-
sumption (1 to �7 drinks/week for
women and 1 to �14 drinks/week for
men) (11). Quartiles were selected for
ease of data presentation.
Covariates. Women were considered to
be postmenopausal if their periods had
stopped for at least 1 year. Information on
hormone replacement therapy was ob-
tained from the physician-administered
questionnaire. Information on education
was obtained by asking the participants to
report their highest educational level.

Statistical analysis
SAT and VAT were normally distributed.
In addition, the lifestyle factors with the
exception of pack-years of smoking were
normally distributed. Multivariable linear
regression was used to assess the signifi-
cance of covariate-adjusted cross-sectional
relations between the continuous lifestyle
factors (DGAI and PAI) and SAT and VAT.
We estimated the covariate-adjusted mean
volume of SAT and VAT associated with a
1-SD-higher DGAI and PAI. For the cate-
gorical lifestyle factors (smoking and alco-
hol), least-squares means were calculated to
assess the relative amounts of SAT and VAT
in current, former, and never smokers and
by categories of alcohol consumption;
ANOVA P values are presented. All models
were adjusted for age, menopause, hor-
mone replacement therapy, education, al-
cohol, and smoking. All analyses were sex
specific, given our prior observation that re-
lations between metabolic risk factors and
VAT were stronger in women than in men
(13). Tests for the significance of the differ-
ence between the � coefficients of the life-
style factors in the models with SAT versus
the models with VAT as outcome (in which
SAT and VAT were first standardized to a
mean of 0 and an SD of 1) were performed
in situations in which SAT and VAT were
both associated with the individual lifestyle
factor. To determine the relation between
the number of healthy lifestyle factors and
SAT and VAT, age-adjusted mean volumes
of SAT and VAT associated with practicing
zero, one, two, or three healthy lifestyle
habits were calculated; age-adjusted P val-
ues for trend were calculated as well. Di-
etary data were only available for a subset of
the Offspring cohort and therefore were not
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included in the number of healthy lifestyle
factors analysis.

Secondary analyses were performed.
All models were additionally adjusted for
physical activity. The above multivariable
regressions and least-squares means were
repeated using the general estimating
equation procedure to account for famil-
ial correlations in the study sample. Inter-
actions for the associations between the
individual lifestyle factors and SAT and
VAT with age (equal to or older than/
younger than the median age of 50 years)
and BMI (�25, 25 to �30, or �30 kg/m2)
were tested in multivariable adjusted
models.

SAS (version 8.0; SAS Institute, Cary,
NC) was used to perform all computa-
tions. Two-tailed P � 0.05 and � 0.01
were considered significant for primary
and secondary analyses, respectively.

RESULTS — The study sample con-
sisted of 1,421 women and 1,505 men with
a mean age of 50 � 10 years (Table 1), with
the exception of the dietary analysis, which
was limited to only 925 participants.

SAT, VAT, and dietary quality
In women, higher DGAI (i.e., a diet more
adherent to healthy guidelines) was asso-
ciated with lower SAT (232 cm3 lower per
1 SD of DGAI, P � 0.002) and lower VAT
(139 cm3 lower, P � 0.001) (Table 2).
Similar results were obtained in men. The
difference between the magnitude of the
association between DGAI and VAT ver-
sus SAT was not significant (P � 0.19 for
women and P � 0.78 for men).

SAT, VAT, and physical activity
Higher PAI (i.e., more physical activity)
was inversely associated with SAT in both
women (P � 0.0001) and men (P �
0.0001) (Table 2), although the associa-
tion was more pronounced in women (P
for sex interaction � 0.0002). For VAT,
similar results were obtained (P � 0.0001
for women and P � 0.0006 for men), al-
though the sex interaction did not reach
statistical significance (P � 0.05). No dif-
ference was observed in the strength of
the association of PAI with SAT versus
VAT (P � 0.21 for women, P � 0.27 for
men).

SAT, VAT, and smoking
In women, former smokers tended to
have the highest mean SAT compared
with current or never smokers, although
the difference did not meet statistical sig-
nificance (P � 0.06) (Table 2). Similar

results were observed in men, with a sig-
nificant difference observed among the
three groups (P � 0.02). In women, mean
VAT was higher in current smokers and
former smokers compared with those
who never smoked (P � 0.03 for both
pairwise comparisons), whereas in men,
mean VAT was higher in former smokers
(P � 0.001 for pairwise comparison) but
not in current smokers.

SAT, VAT, and alcohol consumption
In women, participants with light-to-
moderate alcohol intake had higher mean
SAT compared with those with high alco-
hol intake (P � 0.006), whereas there was
no difference in mean VAT (P � 0.18)
(Table 2). In contrast, SAT did not differ
according to alcohol intake in men (P �
0.91), whereas men with light-to-
moderate alcohol intake had lower mean
VAT compared with those with high alco-
hol intake (P � 0.04).

SAT, VAT, and number of healthy
lifestyle factors
In both women and men, practicing a
higher number of healthy lifestyle habits
was significantly associated with lower
mean SAT (P � 0.0001 for women and
P � 0.01 for men) and VAT (P � 0.0001)
(Fig. 1A and B).

Secondary analysis
The additional inclusion of physical activ-
ity as a covariate did not materially change
the associations between the lifestyle fac-
tors and SAT and VAT (data not shown).
When the general estimating equation
procedure was used to repeat the analy-
ses, the results did not substantially differ
from the findings reported above (data
not shown). Significant effect modifica-
tion of BMI on the association between
DGAI and SAT and PAI and VAT was ob-
served (supplemental Table A1, available
in an online appendix at http://dx.doi.
org/10.2337/dc08-1382). The strongest

Table 1—Characteristics of study participants

Women Men

n 1,421 1,505
Age (years) 51 � 9 48 � 10
BMI (kg/m2) 27.0 � 5.9 28.3 � 4.5
Waist circumference (cm) 93 � 15 100 � 12
Postmenopausal (%) 46.2 —
Hormone replacement therapy (%) 22.9 —
Education (%)

�11th grade 0.8 1.6
High school or equivalent degree 22.8 17.9
College grade/trade school 33.2 27.0
College grade/postgraduate 43.1 53.4

DGAI score* 10.0 � 2.6 8.5 � 2.6
PAI score† 37 � 6 38 � 8
Smoking (%)

Current 12.3 13.0
Former 41.6 34.2
Never 46.1 52.8

Smoking (pack-years)
Current 26 28
Former 13 19

Alcohol (drinks/week, %)‡
0 29.7 19.3
�1 9.9 4.7
1 to �4 28.8 19.8
4–7 16.8 20.1
�7–14 11.3 20.7
�14 3.6 15.4

SAT (cm3) 3,137 � 1,548 2,620 � 1,212
VAT (cm3) 1,308 � 813 2,160 � 969

Data are means � SD for continuous variables or percent for dichotomous and categorical variables. *Data
only available for Offspring cohort (n � 925); scores range from 0–20 to points. †Scores range from 24 to
120 points. ‡One drink is equivalent to 12 g of alcohol.
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association between DGAI and SAT was
in overweight individuals, whereas the
strongest association between PAI and
VAT was observed in normal-weight
individuals.

CONCLUSIONS — In a large, cross-
sectional, population-based study, our
findings were fourfold. First, a diet con-
sistent with recommended dietary guide-
lines and greater physical activity were
associated similarly with lower volumes
of SAT and VAT. Second, both current
and former smokers had higher levels of
VAT. Third, men who consumed higher
amounts of alcohol had higher VAT,
whereas women who consumed higher
amounts of alcohol had lower SAT. Last,
an increasing number of healthy lifestyle
factors overall was associated with lower
SAT and VAT volumes.

Diet
In the present study, a diet consistent
with the 2005 DGAI was associated sim-

ilarly with lower volumes of SAT and
VAT. Although our findings are concor-
dant with prior cross-sectional and pro-
spective studies that documented similar
findings using conventional measures of
adiposity (4), we extend the current liter-
ature by demonstrating an equivalent as-
sociation between dietary quality and
SAT and VAT on a population-based
level.

The present findings are supported
by some small randomized clinical trials
and metabolic studies (n � 32–78) that
have focused on the effects of diet-
induced weight loss on different abdom-
inal fat compartments (14). The results of
these trials demonstrated similar relative
reductions in VAT and SAT in overweight
and obese individuals after consumption
of a very-low-energy diet for 3–6 months.
However, other studies have demon-
strated a greater relative reduction in VAT
compared with SAT (15). More research
is needed to determine whether different
dietary components, in addition to total

energy intake, are differentially associated
with SAT and VAT volumes to gain more
insight into the contribution of specific
nutrients to cardiometabolic risk.

Physical activity
A higher level of physical activity was as-
sociated similarly with lower SAT and
VAT volumes in both sexes, extending the
results from prior small cross-sectional
studies in men (16) and older individuals
to a large population-based study of both
women and men. Results from prospec-
tive studies have consistently demon-
strated that greater physical activity is
associated with less weight gain and lower
abdominal adiposity (5). In addition, sev-
eral small randomized controlled trials
demonstrated a greater relative reduction
in VAT compared with SAT (15), whereas
results from a relatively larger trial sug-
gested equal relative reductions in SAT
and VAT (17). The latter study is concor-
dant with our findings that SAT and VAT

Table 2—Sex-specific multivariable-adjusted mean difference in volumes of SAT and VAT per 1-SD increment in DGAI and PAI and
least-squares mean volumes of SAT and VAT by smoking and alcohol categories

Women Men

P for sex interaction
Multivariable-adjusted

residual effect size* P†
Multivariable-adjusted

residual effect size* P†

DGAI‡
SAT (cm3) �232 (�375 to �88) 0.002 �217 (�339 to �95) 0.0006 0.87
VAT (cm3) �139 (�222 to �57) 0.001 �243 (�353 to �132) �0.0001 0.14

PAI
SAT (cm3) �253 (�333 to �173) �0.0001 �128 (�193 to �63) 0.0001 0.0002
VAT (cm3) �100 (�140 to �60) �0.0001 �85 (�133 to �37) 0.0006 0.05

Least squares* P§ Least squares* P§ P for sex interaction

Smoking
SAT (cm3)

Current 2,976 � 117 0.06 2,629 � 88 0.02 0.46
Former 3,247 � 63 2,743 � 56
Never 3,081 � 60 2,538 � 44

VAT (cm3)
Current 1,393 � 59 0.03 2,188 � 66 0.005 0.10
Former 1,348 � 32 2,262 � 42
Never 1,250 � 30 2,086 � 33

Alcohol (drinks/week)
SAT (cm3)

Light/moderate� 3,184 � 44 0.006 2,622 � 34 0.91 0.02
High 2,869 � 106 2,612 � 80

VAT (cm3)
Light/moderate� 1,320 � 22 0.18 2,139 � 25 0.04 0.01
High 1,243 � 53 2,272 � 59

Data are mean difference (95% CI) or mean � SEM. *Adjusted for age, menopause (women only), hormone replacement therapy (women only), smoking, alcohol,
and education. †ANOVA P value. ‡Data only available for Offspring cohort (n � 925). §Global P value. �Light-to-moderate alcohol consumption (�7 drinks/week
for women and �14 drinks/week for men).

Adipose tissue and lifestyle factors

508 DIABETES CARE, VOLUME 32, NUMBER 3, MARCH 2009



are associated similarly with physical
activity.

The reductions in SAT and VAT in-
duced by physical activity may occur
with concomitant weight loss (15,17),
although results from several exercise
studies demonstrated that reductions
may also occur in the absence of weight
loss (15). These findings suggest that
physical activity may affect SAT and
VAT through a mechanism above and
beyond reductions in body weight. Fu-
ture researchers should investigate
whether different types of physical ac-
tivity are differentially associated with
SAT and VAT to gain more insight into
the magnitude of the effect of different
types of physical activity on cardiom-
etabolic risk.

Smoking
Despite the abundance of data showing
that current smokers have a lower BMI
compared with former and never smok-
ers (18), data from the present study
show that smokers have more VAT.
These findings are supported by the

work of others who have shown that
higher waist circumference and waist-
to-hip ratio are present in current
smokers (6). Further, a recent study of
450 Japanese men with an extremely
high smoking prevalence of nearly two-
thirds of the sample demonstrated more
VAT but less SAT among heavier smok-
ers (16). Our findings extend the results
of this study by demonstrating associa-
tions between smoking and larger
amounts of VAT in a large population-
based study of both women and men,
accounting for multiple potential co-
variates and generalizing these findings
to a study sample with a lower preva-
lence of smoking.

Smoking may affect VAT by reducing
the bioavailability of endogenous estro-
gen (19) and increasing the production of
adrenal androgens in women and men.
Estrogens are implicated in the pathogen-
esis of adiposity, as postmenopausal
women tend to have increased visceral ab-
dominal adipose tissue compared with
premenopausal women (20).

Alcohol
The present study is notable for higher
levels of VAT among men who consume
higher amounts of alcohol. VAT has been
positively correlated with higher amounts
of daily alcohol intake (21). In a study of
450 Japanese men with high levels of
smoking, men consuming alcohol had
significantly more VAT than alcohol ab-
stainers (16). Habitual high alcohol in-
take may cause fatty liver, which can
result in hepatic insulin resistance and
subsequent weight gain (22).

The finding that women who con-
sume higher amounts of alcohol have
lower SAT is surprising. A possible expla-
nation for this may be an overall lower
energy intake in women who consume
higher amounts of alcohol (23). However,
further studies are required to confirm
our finding.

Healthy lifestyle factors
In the present study, practicing a higher
number of healthy lifestyle habits was as-
sociated with lower mean SAT and VAT.
These findings are supported by a large
prospective study that demonstrated a
considerable decrease in waist circumfer-
ence with changes in a combination of
lifestyle factors (24). In addition, several
studies showed that adherence to a higher
number of healthy lifestyle habits is asso-
ciated with a reduced risk of coronary
heart disease and myocardial infarction
and lower mortality (25).

Strength and limitations
Strengths of our study include the exam-
ination of the association between several
lifestyle factors and radiographically as-
sessed adipose tissue compartments, the
statistical power provided by the use of a
large population-based sample of women
and men, the ability to adjust for several
potential confounders, and the assess-
ment of SAT and VAT volumes using a
highly reproducible method.

Some notable limitations of our study
include the cross-sectional design, which
does not allow us to make causal infer-
ences between lifestyle factors and SAT
and VAT. The study sample was primarily
Caucasian; therefore, the results may not
be generalizable to other ethnicities.

In summary, adherence to recom-
mended dietary guidelines and physical
activity is associated similarly with lower
SAT and VAT volumes. However, both
smoking and high alcohol intake are dif-
ferentially associated with VAT volumes.
Further research to uncover the putative
mechanisms is warranted.

Figure 1—Age-adjusted mean (� 1 SE) volumes of SAT and VAT in women (A) and men (B)
associated with practicing zero, one, two, or three healthy lifestyle habits. Age-adjusted P values
for trend are presented. *P � 0.01; **P � 0.001.
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