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OBJECTIVEdVisceral adiposity is an important risk factor for cardiovascular disease and type
2 diabetes. We sought to determine whether change in intraabdominal fat area (IAF) over time
predicts subsequent development of diabetes.

RESEARCH DESIGN AND METHODSdWe followed up 436 nondiabetic Japanese-
American subjects (mean age 51.9 years, mean BMI 24.2 kg/m2, 54% male) for development of
diabetes. We fit a logistic regression model to examine the association over a 10-year follow-up
between change in IAF at 5-year follow-up and other fat areas (measured by computed tomog-
raphy) and development of incident diabetes, adjusted for age, sex, family history of diabetes in a
first-degree relative, second-generation versus third-generation Japanese American (Nisei vs.
Sansei), baseline IAF, BMI, weight change over time, smoking status, physical activity level,
and subcutaneous fat (SCF) depot areas.

RESULTSdCumulative incidence of diabetes was 20.4% at 10 years. Mean change in IAF was
10.9 cm2. An increase of 1 SD in IAF was associated with a 1.65-fold increase in the odds of
diabetes over 10 years (OR = 1.65, 95% CI 1.21–2.25) after adjusting for the above covariates.
This association was also independent of changes in thoracic, thigh, and abdominal SCF, as well
as change in weight.

CONCLUSIONSdWe conclude that baseline IAF and accumulation of fat in this area over
time are independent predictors of the development of type 2 diabetes in Japanese Americans.
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Central obesity is well established as
an independent risk factor for type
2 diabetes. This association is strong

and has been demonstrated in cross-
sectional and longitudinal analyses
with a number of different metrics, in-
cluding surface measurements such as
waist circumference and waist-to-hip ra-
tio in a variety of populations (1,2), and
imaging of the visceral fat depot. A higher
risk of incident type 2 diabetes over 5 to
10 years of follow-up was associated with
larger baseline visceral fat area measured
using single-slice computed tomography
(CT) scans in Japanese Americans (3).

The association between change in
regional or overall adiposity and risk of
diabetes is less clear with a smaller num-
ber of investigations reported and incon-
sistent results. Several investigations
document a higher prevalence of diabetes
with greater duration of overweight or
obesity (4), and an obesity-years metric
was recently proposed to refer to this phe-
nomenon (5) in relation to mortality.
Measurements at baseline may reflect
size of adipose depots over a number of
years, whereas recent change in depot size
might be expected to have less influence
on health outcomes because of a shorter

exposure period. A number of studies
have investigated recent weight change
in relation to diabetes risk, finding it to
be inconsistently associated, whereas
baseline adiposity is consistently associ-
ated with this outcome (6). Although
studies of diabetes risk have been per-
formed in relation to weight change that
presumably reflects change in overall ad-
iposity, to our knowledge only one obser-
vational study has examined increase in
regional adiposity as measured by waist
circumference in relation to diabetes
risk; that study found an independent as-
sociation even after adjusting for weight
gain (7). To our knowledge, no observa-
tional research has examined whether in-
crease in size of a directly measured fat
depot (visceral or otherwise) is associated
with diabetes risk. In a substudy of the
Diabetes Prevention Program (a random-
ized trial of diabetes prevention in per-
sons identified as being at high risk for
this outcome based on elevated levels of
fasting and 2-h plasma glucose), diabetes
risk was assessed in relation to a decrease
in CT-measured fat depots over a brief
1-year period. In that intervention, a de-
cline in body fat depot size over the first
year was shown to predict diabetes risk
over a subsequent mean 1.5 years of
follow-up (8). In addition, a randomized
clinical trial in Japanese Americans exam-
ined whether lifestyle changes improved
measurements of adiposity in individuals
with impaired glucose tolerance. In that
trial, the treatment arm showed signifi-
cantly greater reduction in percent body
fat, BMI, and CT-measured subcutaneous
fat (SCF) depots at six and 24 months,
with at least one occurrence of a normal
oral glucose tolerance test occurring signif-
icantly more frequently in the intervention
arm during follow-up. Both treatment
arms, however, showed similar decreases
in intraabdominal fat area (IAF) (9).

Given the paucity of information on
the effects of change in size of regional
adipose depots in general and the visceral
depot in particular in relation to diabetes
risk,we investigated the association between
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5-year change in CT-measured adipose
depots and diabetes occurrence over 10
years in a prospective study of Japanese
Americans.

RESEARCH DESIGN AND
METHODSdWe followed up 436
nondiabetic Japanese-American subjects
for the development of diabetes at 10
years. Study subjects were taken from the
Japanese-American Community Diabetes
Study, a cohort of second- (Nisei) and
third-generation (Sansei) Japanese Amer-
icans of 100% Japanese ancestry who were
representative of Japanese-American res-
idents of King County, WA, in age,
residential distribution, and parental im-
migration pattern (10). A comprehensive
mailing list and telephone directory that
included almost 95% of the Japanese-
American population of the county were
used to identify and contact potential
study subjects. Subjects returned for
follow-up 5–6 years and then again 10–11
years after a baseline evaluation. Selection
and recruitment have been described in
greater detail previously (11). The study
received approval from the University of
Washington Human Subjects Division,
and all subjects providedwritten informed
consent.

Overall, 80% of subjects eligible at
baseline completed the 10-year follow-up
assessment. Evaluations were done at the
General Clinical Research Center at the
University of Washington, Seattle, WA.
Presence of diabetes was assessed at the
5- and 10-year follow-up visits using the
oral glucose tolerance test (75-g load) and
defined as fasting glucose $126 mg/dL
and/or 2-h glucose $200 mg/dL (12), or
use of diabetes medication. BMI was de-
fined as weight in kilograms divided by
height in meters squared. Family history
of diabetes was considered positive if a
parent or sibling had diabetes. Alcohol
consumption was ascertained by ques-
tionnaire and measured in grams/week.
Individuals were categorized at baseline
as never, former, or current smokers. To
quantify physical activity levels, the phys-
ical activity index was applied to responses
to the Paffenbarger Physical Activity Ques-
tionnaire to estimate physical activity in
kilocalories/week (13).

Single (1-cm) CT scan slices were
obtained at the chest at the level of the
nipples, abdomen (umbilicus level), and
thigh (halfway between the greater tro-
chanter and the superior margin of the
patella). CT scans were analyzed using den-
sity contour software. Areas corresponding

to a density of 2250 to 250 Hounsfield
units were classified as adipose tissue (14).
The following cross-sectional fat areas
(centimeters squared) were measured at
baseline and 5-year follow-up: subcutane-
ous thoracic fat, subcutaneous abdominal
fat, IAF (within the confines of the trans-
versalis fascia), and left thigh SCF (14).
Change in fat area was calculated as the
difference between the 5-year and baseline
values. The intraobserver variability for
multiple measurements by a single ob-
server of a single CT scan ranged from
0.2 to 1.4%.

Logistic regression was used to esti-
mate the association between change in
IAF and odds of incident diabetes while
adjusting for covariates known to be as-
sociated with type 2 diabetes (age, family
history of diabetes, and baseline BMI),
for sex (15–17), and for the baseline SCF
depots discussed above. Additional
covariates included weight change be-
tween baseline and 5- to 6-year follow-
up and baseline smoking and physical
activity. We tested whether associations
between baseline IAF and IAF change
differed by age, sex, and family history
of diabetes through insertion of first-order
multiplicative interaction terms into the
regression model. Odds ratios (OR) and
95% CI for continuous variables are
shown for a 1-SD-magnitude increase.
The variance inflation factor was used to
assess presence of collinearity in multi-
variable models, with a value.4 suggest-
ing presence of this problem. A P value
of ,0.05 was considered statistically

significant. Analyses were performed
with Stata (version 12.0; StataCorp, Col-
lege Station, TX).

RESULTSdTable 1 shows subject
characteristics by the development of
diabetes over 10 years of follow-up. The
Nisei subjects only (n = 274) were re-
screened at 2.5 years after baseline, and
the 15 who had developed diabetes were
excluded from this analysis, leaving a
study population that consisted of 421
subjects. Overall, 54% of the participants
were men, with a mean age of 51.4 years
(range 34.0–75.1) and a mean BMI of
24.1 kg/m2 (range 16.6–36.9), and 35%
had a family history of diabetes. Over the
follow-up period, 39 individuals (9.3%)
developed diabetes at the 5-year follow-
up visit. Seventy-four individuals (17.6%)
developed diabetes at 10 years. Table 1
shows subject characteristics by the devel-
opment of diabetes at either 5 or 10 years of
follow-up.

The mean IAF was 79.3 cm2 (range
0.7–242.2) at baseline. Baseline distribu-
tion of fat was similar in subjects who did
and did not develop diabetes after 10
years of follow-up, although mean CT-
measured fat areas were greater among
persons who developed diabetes for all
depots except thigh SCF (Table 1). The
size of SCF depots was highly correlated,
but the correlation between visceral and
SCF depots was of smaller magnitude
(Table 2). The mean change in IAF over
5 years was 11.1 cm2 (range 275.2 to
137.3).

Table 1dCharacteristics of study subjects by incident diabetes at 10-year follow-up

Incident diabetes
(n = 74)

No diabetes
(n = 347) OR* (95% CI)

Age, years 56.4 (11.5) 50.4 (11.7) 1.70 (1.30–2.22)
Male sex, % (count) 55.4 (41) 53.9 (187) 0.94 (0.57–1.58)
Baseline IAF, cm2 102.7 (50.3) 74.3 (46.2) 1.75 (1.37–2.34)
BMI, kg/m2 (SD) 25.4 (3.7) 23.8 (3.1) 1.57 (1.23–2.02)
Change in weight, kg 1.18 (3.6) 1.36 (3.5) 0.99 (0.92–1.06)
Family history of diabetes, % (count) 53.8 (38) 31.7 (110) 2.27 (1.37–3.78)
Thigh SCF, cm2 64.8 (32.5) 64.7 (31.7) 1.01 (0.78–1.29)
Thoracic SCF, cm2 123.8 (53.7) 95.3 (61.0) 1.51 (1.20–1.90)
Abdominal SCF, cm2 177.1 (72.7) 151.6 (76.8) 1.36 (1.07–1.72)
Change in IAF, cm2 17.0 (38.6) 9.9 (28.2) 1.26 (0.98–1.61)
Generation, % (count)† 67.6 (50) 49.0 (170) 0.46 (0.27–0.78)
Alcohol consumption, g/week 5.3 (11.9) 5.2 (11.1) 1.00 (0.98–1.02)
Former smoker, % (count) 32.4 (24) 40.1 (139) 0.72 (0.41–1.26)
Current smoker, % (count) 14.9 (11) 13.0 (45) 1.02 (0.48–2.15)
Activity level, kcal/week 2,768 (2,044) 2,744 (1,911) 1.01 (0.79–1.30)

Data are (SD) unless otherwise indicated. *ORs for continuous variables reflect a 1-SD magnitude increase.
†Second-generation Japanese American (Nisei) compared with third-generation Japanese American (Sansei).
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Unadjusted odds ratios for the devel-
opment of diabetes are shown in Table 1.
Greater age, baseline IAF, BMI, thoracic
SCF, abdominal SCF, presence of a family
history of diabetes, and Nisei generation
were all significantly associated with inci-
dent diabetes in univariate analyses,
whereas 5-year change in IAF was not.

Multiple logistic regression models
were fit to estimate the relationship be-
tween change in IAF and incident diabe-
tes while adjusting for other independent
variables (Table 3). After adjustment for
sex and covariates known to be associated
with diabetes risk, including age, family
history, baseline BMI, and baseline IAF, a
significant association between change in
IAF and odds of diabetes was observed
(Table 3, model 1). This association was
preserved after adjustment for SCF de-
pots and generation (Table 3, model 2).
When we further adjusted for change in
weight from baseline, smoking status, and
physical activity level, the association be-
tween change in IAF and diabetes inci-
dence remained statistically significant
and increased slightly in magnitude (OR
1.65, 95% CI 1.21–2.25). Additionally,
we did not see a significant relationship
between change in weight from baseline
to year 5 and diabetes risk (OR 0.95, 95%

CI 0.66–1.35). Results for baseline and
change in IAF in relation to diabetes in-
cidence were similar when adjusted for
menopausal status (by coding sex into
three categories as male, premenopausal
female, and postmenopausal female), and
when each SCF depot was entered indi-
vidually into the multivariable models as
opposed to entering them simultaneously
as shown in Table 3.

In our final model, a 1-SD increase in
IAF change over 5 years was associated
with a 1.65-fold increase in the odds of
diabetes at 10 years (OR 1.65, 95% CI
1.21–2.25). The values of IAF over time
for persons who did and did not develop
diabetes are shown graphically in Fig. 1.
There was no evidence of co-linearity in
the multivariable models as judged by
the variance inflation factor. We tested
for the presence of first-order interactions
between age, sex, and family history of
diabetes and both baseline IAF and
change in IAF and found significant inter-
actions between baseline IAF and both
age and family history. The association
between baseline IAF and diabetes odds
diminished with both greater age (P =
0.006) and in the presence of a family his-
tory of diabetes (P = 0.014). There were
no significant interactions between sex

and baseline IAF (P value for interaction =
0.789) or between sex and change in IAF
(P value for interaction = 0.191).

CONCLUSIONSdThese data dem-
onstrate that accumulation of visceral fat
over 5 years is independently associated
with greater risk of incident type 2 di-
abetes in Japanese Americans. The asso-
ciation of central adiposity with the
presence of metabolic disorders is well
established, but this longitudinal analysis
is the first, to our knowledge, to demon-
strate the role of accumulation of abdom-
inal fat over time in the development of
diabetes. These findings thus provide a
novel argument in support of the hy-
pothesis that visceral fat may be causally
linked to diabetes risk.

The results of our analysis help pro-
vide additional information about the
association between an increase in body
fat, and in particular visceral fat, and near-
term diabetes risk. We did not find an

Table 2dCorrelations among continuous variables and in study subjects

Age Baseline IAF BMI Change in weight Thigh SCF Thoracic SCF Abdominal SCF Change in IAF

Age d
Baseline IAF 0.38† d
BMI 0.01 0.65† d
Change in weight 20.40† 20.17† 0.03 d
Thigh SCF 20.12* 20.06 0.16* 0.22† d
Thoracic SCF 0.22† 0.54† 0.61† 0.03 0.44† d
Abdominal SCF 0.09 0.44† 0.63† 0.63† 0.52† 0.86† d
Change in IAF 20.15† 20.28† 20.04 0.51† 0.07 20.05 20.01 d

*P , 0.05. †P , 0.01.

Table 3dOdds of incident diabetes at 10-year follow-up

Model Variable OR (95% CI)*

Minimally adjusted model (model 1) Baseline IAF 1.52 (1.02–2.28)
Change in IAF 1.52 (1.17–1.98)

Adjusted for above and thoracic SCF, thigh
SCF, abdominal SCF, and generation** (model 2)

Baseline IAF 1.53 (1.00–2.34)
Change in IAF 1.53 (1.17–2.01)

Adjusted for above and change in weight, alcohol
consumption, smoking status, and activity
level (model 3)

Baseline IAF 1.64 (1.06–2.53)
Change in IAF 1.65 (1.21–2.25)
Change in weight 0.95 (0.66–1.35)

All models adjusted for age, sex, family history, BMI, and baseline IAF. *ORs for continuous variables reflect
a 1-SD magnitude increase6 SD for means or proportions shown. **Second-generation Japanese American
(Nisei) compared with third-generation Japanese American (Sansei).

Figure 1dIAF area measured by CT at the
level of the umbilicus, at baseline and at 5- and
10-year follow-up examinations among Japa-
nese Americans without diabetes at baseline by
whether diabetes developed during the 10-year
follow-up period.
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association between IAF change over 5
years and cumulative diabetes incidence
over 10 years on univariate analysis, but
a significant association emerged for
change in IAF after adjustment for age
and other covariates, including other CT
measures of adipose depots as well as
overall adiposity assessed with BMI. Al-
though the associations between greater
adiposity and specifically visceral adipos-
ity and diabetes risk are well established,
there is the potential that change in
visceral fat may not appear to be associ-
ated with diabetes risk because of the
strong association between increase in
this depot and younger age, as demon-
strated previously by our group (18) and
in the Insulin Resistance Atherosclerosis
Study (19).

The association between baseline IAF
and diabetes odds diminished with
greater age and in the presence of a positive
family history of diabetes. The stronger
association between IAF and diabetes
risk at younger ages is consistent with
previously published findings (20,21). It
may be explained by genetic factors re-
lated to b-cell dysfunction or by the as-
sociation between age and declining
b-cell function, in which case the effect
of IAF might be expected to be reduced.
We are unaware of a possible biological
explanation for the interaction between
family history and IAF. No interaction
was observed by sex, or between change
in IAF and either sex, age, or diabetes
family history.

Historically, several hypotheses have
been advanced to explain the relation-
ship between visceral fat accumulation
and diabetes risk, including deposition
of free fatty acids mobilized from visceral
fat into the liver’s portal circulation and
the presence of adipocyte-associated in-
flammatory markers (22). Levels of cyto-
kines and visceral fat have been linked to
type 2 diabetes and atherosclerosis in
cross-sectional analysis (23). Interest-
ingly, surgical removal of both visceral
(24) and subcutaneous (25) fat depots
has not been associated with improve-
ment in insulin sensitivity, and some re-
cent evidence suggests that the negative
metabolic changes associated with fat in
the abdomen may be associated specifi-
cally with intrahepatic triglyceride content
(26,27).

Our study has some potential limi-
tations. Although we did adjust for
known covariates, the potential for con-
founding by unmeasured factors exists
given the observational design. Diabetes

status was determined with a single mea-
surement at baseline and again at 5- and
10-year follow-up. Variability in the per-
formance of these tests over time may
have introduced error, although the er-
ror is probably random and any bias
created would have been toward the null
value, resulting in reporting of underes-
timates of associations. Although the def-
inition of diabetes status by a single
glucose measurement is not adequate for
clinical diagnosis of diabetes, the World
Health Organization has consistently sup-
ported using a single measurement of hy-
perglycemia to classify diabetes status for
epidemiologic purposes (28). Although
HbA1c levels were available for this pop-
ulation, they were not used for classifica-
tion of diabetes because of the significant
overlap in A1C distribution between nor-
mal subjects and individuals classified as
having diabetes based on the oral glu-
cose tolerance test and fasting plasma
glucose among Japanese (29). The reason
for this phenomenon is unknown, but
may be due to higher rates of isolated ele-
vated postprandial glucose levels in Asian
subjects (30).

Because we did not measure islet cell
antibody status of participants, we cannot
exclude the possibility that some individ-
uals may have had type 1 diabetes. How-
ever, the incidence of type 1 diabetes in
individuals of Japanese ancestry is among
the very lowest in the world, at less than
2.5 per 100,000 in children and probably
just slightly higher in older individuals
(31). The rarity of the outcome and the
fact that the youngest age at enrollment in
our study was 34 years makes it very
likely that all subjects with incident dia-
betes in this analysis had type 2 diabetes.
Body composition measurements were
derived from a single CT-scan slice.
However, a high correlation has been
demonstrated between a single CT slice
and direct measurement of visceral fat
volume, which limits the potential for
bias (32).

The 20% loss to follow-up could have
introduced bias if such loss were related
both to diabetes odds and to change in
IAF. Nevertheless, this rate is low for a
prospective study of this type conducted
over a prolonged period of time. Although
the exclusively Japanese-American cohort
limits the ability to generalize, it also de-
creases the chance of confounding be-
cause of genetic admixture. Finally, this
analysis could not exclude all incident
cases of diabetes that developed in the
period before repeat IAF measurement at

5 years. It is possible that the development
of diabetes preceded change in IAF in some
of these subjects.

This observational study does not
provide direct implications for diabetes
prevention, but it does suggest opportu-
nities for interventional studies. In the
Diabetes Prevention Program, loss of vis-
ceral adiposity was associated with lower
risk of diabetes in post hoc analyses (8). In
middle-aged and older populations,
weight loss has been shown to come
from central adipose depots early (33).
Because of these phenomena, future re-
search targeting and quantifying central
weight loss may help provide important
information pertinent to diabetes preven-
tion efforts. In summary, this analysis
adds support for a causal role of IAF in
diabetes risk, although additional re-
search will be needed to confirm its value
and exclude a chance association.
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