
See corresponding editorial on page 1118.

Relation of central adiposity and body mass index to the
development of diabetes in the Diabetes Prevention Program1–3

George A Bray, Kathleen A Jablonski, Wilfred Y Fujimoto, Elizabeth Barrett-Connor, Steven Haffner, Robert L Hanson,
James O Hill, Van Hubbard, Andrea Kriska, Elizabeth Stamm, and F Xavier Pi-Sunyer for the Diabetes Prevention
Program Research Group

ABSTRACT
Background: Greater central adiposity is related to the risk of
diabetes.
Objective: We aimed to test the hypothesis that central adiposity
measured by computed tomography (CT) is a better predictor of the
risk of diabetes than is body mass index (BMI), waist circumference
(WC), waist/hip ratio (WHR), or waist/height ratio.
Design: Visceral adipose tissue (VAT) and subcutaneous adipose
tissue (SAT) were measured at the L2–3 and L4–5 disc spaces in
1106 of the 3234 participants in the Diabetes Prevention Program.
Sex-specific proportional hazards models were used to evaluate the
association between VAT and SAT at both cuts, BMI, and other
measures of central adiposity as predictors of the development of
diabetes.
Results: Men had more VAT than did women. White subjects had
more VAT at both cuts than did other ethnic groups. The ratio of
VAT to SAT was lowest in African Americans of both sexes. Among
men in the placebo group, VAT at both cuts, WC, BMI, waist/height
ratio, and WHR predicted diabetes (hazard ratio: 1.79–1.44 per 1 SD
of variable). Among women in the lifestyle group, VAT at both cuts
predicted diabetes as well as did BMI, and L2–3 was a significantly
better predictor than was WC or WHR. SAT did not predict diabetes.
None of the body fat measurements predicted diabetes in the met-
formin group.
Conclusions: In the placebo and lifestyle groups, VAT at both cuts,
WHR, and WC predicted diabetes. No measure predicted diabetes in
the metformin group. CT provided no important advantage over
these simple measures. SAT did not predict diabetes. Am J Clin
Nutr 2008;87:1212–8.

INTRODUCTION

The prevalence of type 2 diabetes has risen steadily in recent
decades, and type 2 diabetes is now a global health problem (1).
Diabetes causes greater morbidity and mortality, particularly
from coronary artery, cerebrovascular, retinal, neurologic, and
renal complications (2, 3). Delaying the onset of or preventing
diabetes in at-risk populations (4–6) is one strategy for reducing
the global health burden. The Diabetes Prevention Program
(DPP), a multicenter randomized clinical trial, showed that this
could be done. Persons with impaired glucose tolerance who
were assigned to treatment with a lifestyle intervention or met-
formin had significant reductions in their risk of diabetes. At the
end of 3.2 y (this average duration of follow-up is 4 mo longer

than that reported in the primary outcome article), diabetes inci-
dence rates were 10.8, 7.7, and 5.0 per 100 person-years in the
placebo, metformin, and lifestyle groups, respectively. Treat-
ment effects were consistent by sex and race-ethnicity.

Persons who have type 2 diabetes usually are overweight or
obese. Central adiposity, particularly a greater amount of intra-
abdominal or visceral fat, is an independent risk factor for dia-
betes (7–25). Baseline anthropometric measurements in the DPP
population of 3234 persons significantly predicted the develop-
ment of diabetes in the placebo and lifestyle arms, but not in the
metformin arm. In the entire DPP population, a large waist cir-
cumference was a better predictor of risk than were most other
anthropometric measures (26).

Visceral fat was measured in a subgroup of the DPP population
by using computed tomography (CT), and this report details the
relation of central adiposity in this subgroup of the DPP to the risk
of developing diabetes We address 3 questions. 1) Does visceral
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or subcutaneous adipose tissue measured by CT predict the risk
of developing diabetes in the DPP? 2) Are measures of central
adiposity at L4–5 better than those at L2–3? 3) Are measure-
ments of visceral or subcutaneous fat by CT better at predicting
diabetes than is body mass index (BMI), waist circumference,
waist/hip ratio (WHR), or waist/height ratio?

SUBJECTS AND MATERIALS

Subject eligibility and recruitment

The design and methods of the DPP study (27), the baseline
characteristics of the cohort (28), and the primary outcomes (6)
were reported previously. Participants were recruited from 1996
to 1999 by 27 clinical centers located throughout the United
States. Key eligibility requirements were age � 25 y, BMI (in
kg/m2) � 24 (�22 for Asian Americans), and impaired glucose
tolerance [with a 2-h plasma glucose concentration of 7.8 to 11.0
mmol/L (140–199 mg/dL) after 75 g glucose by mouth] plus a
fasting plasma glucose concentration of 5.3 to 6.9 mmol/L (95–
125 mg/dL) [�7.0 mmol/L (�125 mg/dL) in the American In-
dian centers].

All participants in this substudy gave written informed consent
to a substudy consent form that had been approved by the insti-
tutional review boards at all of the participating sites.

Intervention groups

Participants were randomly assigned to 1 of 3 treatment
groups—a placebo group, a group receiving metformin (850 mg
2 times/d), and a group treated with an intensive lifestyle mod-
ification program. The goals of the intensive lifestyle interven-
tion were to achieve and maintain a weight reduction of �7% of
initial body weight through healthy eating, which emphasized a
low-fat diet and reduced calories, and to achieve and maintain a
level of physical activity of �150 min/wk through moderate-
intensity activity, such as walking or bicycling. The weight-loss
goal was attempted initially through a reduction in dietary fat
intake to �25% of calories. If weight loss did not occur with fat
restriction alone, calorie restriction was added (6, 29).

Primary outcomes

Throughout the study, which averaged 3.2 y [4 mo longer than
the 2.8 y reported in the primary outcome article (6)], participants
in the lifestyle intervention group lost a mean of 5.6 kg. Diabetes
incidence rates were 10.8, 7.7, and 5.0 per 100 person-years in the
placebo, metformin, and lifestyle groups, respectively, and they
resulted in a 55% (95% CI: 45%, 63%) reduction in the incidence
of diabetes in the lifestyle group and a 30% (95% CI: 16%, 41%)
reduction in the metformin group, both versus placebo. The life-
style intervention was significantly more effective than was met-
formin. Treatment effects were similar across sex and self-
reported race-ethnicity groups.

Measurements of body size and shape

During the baseline screening visits, body size and shape mea-
surements were obtained for all 3234 participants (26). All staff

members performing these measurements were certified annu-
ally. Height was measured with a stadiometer to the nearest 0.5
cm. Body weight was measured on a calibrated balance scale.
Waist circumference and hip circumference were obtained by
using a cloth tape. The waist was defined as the midpoint between
the highest point of the iliac crest and the lowest part of the costal
margin in the midaxillary line, and the hips were measured at the
level of the greater femoral trochanters (30). We used these
measurements to compute the waist circumference divided by
the hip circumference [waist-hip ratio (WHR)] and the BMI.

Computed tomography measurements of subcutaneous and
visceral adipose tissue

Participants from 18 of the 27 sites (n � 1106) volunteered for
measurement of adipose tissue by CT. The instruments used
included the GE High Speed Advantage (General Electric, Mil-
waukee, WI), at 5 centers, the Picker PQ 5000 (Picker, Groton,
CT) at 5 centers, the Siemens and Siemens Somatom Plus (Sie-
mens and Siemens, New York, NY) at 2 centers, the GE 9800
(General Electric) at 3 centers, and the GE Highlite (General
Electric) at 2 centers. Two 10-mm-thick axial images were ob-
tained at the L2–3 and L4–5 disc spaces. The data obtained were
submitted to a central reading facility at the University of Colo-
rado in Denver by data tape, optical disc, or Write Once Read
Many disc. The reading center calculated the total visceral adi-
pose area on each scan, delineated visceral fat from subcutaneous
fat by circumscribing the transversalis fascia, and calculated
subcutaneous adipose tissue (SAT) by subtracting the visceral
adipose tissue (VAT) from the total cross-sectional area for fat.
Each subject served as his or her own control, which was done by
creating a bimodal histogram depicting the distribution of
Hounsfield units for fat and muscle that resulted in 2 easily
separable peaks, one for muscle and other for fat. The peak also
defines the range of fat density for that participant. Four such
measurements were obtained per image, and means and SDs
were calculated. This method eliminated errors that may occur if
the CT scanner calibration is off (ie, out of line with expected
results). Nine hundred fifty-seven participants had measure-
ments of good quality and both visceral and subcutaneous fat
measurements at both slices.

Statistical analysis

Descriptive statistics of baseline measures of central adiposity
are computed by sex, race, and treatment groups. Pearson’s cor-
relation coefficients were examined to describe the relations
between CT adipose tissue measurements, BMI, and waist. We
examined sex differences in mean measures of central adiposity
by using Student’s t test. To describe differences in central adi-
posity between ethnic groups by sex, we used analysis of vari-
ance. P values were adjusted for multiple comparisons by using
Holm’s procedure (31).

We used Cox regression models to assess the effect of baseline
measures of central adiposity on the development of diabetes.
Hazards ratios for the measures of central adiposity are reported
per 1 SD. Models were run separately for each treatment group
after adjustment for age, sex, and self-reported ethnicity, and a
test of heterogeneity was used to ascertain whether the effect of
central adiposity differed across treatment groups. The interac-
tion between sex and each body fat measurement was also tested
in each model. Madalla’s likelihood ratio (32) was used to com-
pare the relative contribution of each body fat measurement
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added to a model adjusted for age and self-reported race-ethnicity
within each treatment group. The methods described by Pencina
and D’Agostino (33) were used to compute the overall c-index as
a measure of discrimination in Cox regression models, and the
methods of DeLong et al (34) were used to compare receiver
operating characteristic (ROC) curves. The c-index is a gener-
alization of the area under the ROC curve. It is the probability of
concordance between observed and predicted disease-free sur-
vival based on pairs of subjects. Like the area under the ROC
curve, the c-index ranges from 0.5 (no predictive value) to 1.0
(perfect prediction). This analysis compared each measure of
central adiposity to each other measure separately by sex and
treatment group. Each model was adjusted for age at randomiza-
tion and self-reported race-ethnicity. P � 0.05 was considered
statistically significant. SAS software (version 8.2; SAS Institute
Inc, Cary, NC) was used for all analyses.

RESULTS

The between-clinics variability in measurement for both SAT
and VAT at L2–3 and L4–5 for men and women is considerably
smaller than the within-clinics variance, which indicates that the
methods for measuring CT at different clinics did not play an
important part in the overall variability of the scan measurements
(data not shown).

The baseline data by sex and self-reported race-ethnicity for
the subgroup that underwent CTs are shown in Table 1. Among
the 200 white men, visceral fat (whether measured at L2–3 or
L4–5), weight, waist circumference, hip circumference, and
WHR were significantly larger than in �1 of the other groups of
men. In contrast, there were no significant ethnic differences in
subcutaneous fat at either site, or in the ratio of VAT to SAT
(VAT/SAT) at L2–3, BMI, or waist/height ratio.

Among women (Table 1), there was an even larger number of
differences between ethnic groups. The 346 white women were
older, had more visceral fat at both L2–3 and L4–5, and had more
subcutaneous fat at L2–3 than did �1 of the other groups of
women. African American women had less visceral fat at L2-3
than did Hispanic or white women, and they were heavier than
women in any other subgroup. African American women had
larger waist circumferences than did either Hispanic or Asian or
Pacific Islander women. Asian or Pacific Islander women had
less subcutaneous fat at L2–3, lower BMI, and lower waist/height
ratio than did all other groups; they also weighed less and had
smaller waist and hip circumferences than did whites and African
Americans; and they had less VAT at L2–3 than did African
Americans and Hispanics. The WHR did not differ significantly
between groups.

There were significant differences for all body measurements
between the sexes (P � 0.01). BMI and hip circumference were
larger in women than in the corresponding group of men (Table
1). In contrast, waist circumference and WHR were significantly
smaller than in the men. The differences between the sexes for the
visceral and subcutaneous cross-sectional areas at disc spaces
L2–3 and at L4–5 are shown in Figure 1. VAT was significantly
higher in men than in women, and there was more VAT in both
sexes at L2–3 than at L4–5. In contrast, there was more SAT in
women than in men, and larger values for both sexes were seen
at L4–5 than at L2–3. SAT at L4–5 was much larger than that at
L2–3 in both men and women. Waist circumference was signif-
icantly larger in the men than in the women, but the BMI was

lower in all male groups except the Asian or Pacific Islander
group. All differences were significant at P � 0.01.

The relations between visceral and subcutaneous fat areas are
shown in Table 2.There was a strong correlation between vis-
ceral fat at L2–3 and that at L4–5 in men (r � 0.81) and women
(r � 0.82), and the correlation did not differ significantly be-
tween sexes (P � 0.721, z test). Subcutaneous fat was even more
highly correlated in men (r � 0.93) and women (r � 0.86), and
this difference between sexes was highly significant (P � 0.001,
z test). Visceral fat and subcutaneous fat were less highly corre-
lated in men (r � 0.28 for L2–3 and r � 0.25 for L4–5) than in
women (r � 0.44 for L2–3 and r � 0.33 for L4–5); all correla-
tions were significantly different from 0 at P � 0.01, and VAT
and SAT at L2–3 differed significantly between the sexes (P �
0.007, z test), but VAT and SAT at L4–5 did not. Both visceral
and subcutaneous fat were clearly correlated with waist circum-
ference in men (visceral fat: r � 0.683 and 0.59 for L2–3 and
L4–5, respectively; subcutaneous fat: r � 0.98 and 0.81 for L2–3
and L4–5, respectively) and women (visceral fat: r � 0.64 and
0.63 for L2–3 and L4–5, respectively; subcutaneous fat: r � 0.83
and 0.74 for L2–3 and L4–5, respectively).

To further examine the ethnic differences in subcutaneous and
visceral fat, we used VAT/SAT. In men, VAT/SAT at L2–3 is
�1.0 in all groups (Table 1), and there are no significant differ-
ences between groups. In contrast, VAT/SAT is �1 at L4–5 in all
groups of men and is significantly smaller in the African Amer-
ican men than in the white men. VAT/SAT at L2–3 and L4–5 was
smallest in the African American women (Table 1). VAT/SAT at
L4–5 was lower in all groups than that at L2–3, but the ethnic
difference was still present: it was lower in African American
women than in any other women.

Because the interactions between sex and waist (P � 0.09),
VAT L4–5 (P � 0.04), and waist/height ratio (P � 0.03) were
significant, we analyzed the data for each sex separately. The
hazard ratio, the c-index from the ROCs analyzing the sensitivity
and specificity for this prediction, and the percentage R2 for
developing diabetes using Cox regression models for each mea-
sure of subcutaneous and visceral fat are shown in Table 3.
Among the men in the placebo group (Table 3), visceral fat at
L2–3 and L4–5, waist circumference, BMI, WHR, and waist/
height ratio predicted the likelihood of developing diabetes (P �
0.05 or better). Among women in the placebo group, VAT/SAT
was a significant predictor of diabetes. The use of the c-index on
data in the placebo groups showed that none of these measures
was significantly better than any other.

Treatment assignment affected the relation of central adipos-
ity to the risk of diabetes. In men in the lifestyle group, only the
WHR significantly predicted diabetes, and it was significantly
more predictive than any of the other measures except waist/
height ratio. In women in the lifestyle group (Table 3), baseline
measures of visceral fat at L2–3 and L4–5 and of BMI predicted
the development of diabetes. The lifestyle intervention suc-
ceeded in preventing diabetes in those women with the lowest
visceral fat and BMI. There were no effects of baseline measures
of central adiposity on the incidence of diabetes in the metformin
group.

To assess the relative value of measures of central adiposity in
predicting diabetes, we used the c-index from the ROCs of the
Cox regression models (34). In men in the lifestyle group, the
WHR was a significantly better predictor of diabetes than were
all other measures of central adiposity except the waist/height
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ratio (Table 3), although none of the others predicted diabetes by
themselves. In women in the lifestyle group, visceral fat at L2–3
was a significantly better predictor than were waist, the WHR,
and VAT/SAT at both cuts (Table 3).

DISCUSSION

Here we report on measures of subcutaneous and visceral fat
as predictors of the development of diabetes in a subgroup of the
DPP who underwent CT scans at baseline. In this subgroup, the
relation of visceral fat to the development of diabetes was clearly

shown in some treatment groups but not in others. Using Cox
proportional hazards models, we found that, among the men in
the placebo group, higher visceral fat at either L2–3 or L4–5 and
waist circumference, BMI, WHR, and waist/height ratio signif-
icantly predicted the onset of diabetes. None of these measures
was significantly better than any other, and thus CT provides no
important advantage over these simpler measures of central ad-
iposity. In contrast, subcutaneous fat measured by CT did not
predict diabetes. In women, these measures of visceral fat are
generally not strong predictors, and there is at least one treatment

TABLE 1
Baseline characteristics by self-reported race-ethnicity in study subjects1

Baseline characteristics
by sex

Racial-ethnic group

P for
ethnicity2White

African
American Hispanic

Asian or
Pacific Islander

Participants (n)
Men 200 49 52 20 �0.01
Women 346 157 104 21 �0.01

Age (y)
Men 55.1 � 11.73 54.3 � 10.2 51.2 � 12.3 53.1 � 9.4 0.16
Women 52.0 � 10.3a,b 49.2 � 9.3a 47.4 � 8.9b 52.3 � 7.8 �0.01

Visceral L2–3 (cm2)
Men 281 � 87.7a,b,c 215 � 57.9a 243 � 85.3b 222 � 89.0c �0.01
Women 179 � 68.4a,b 137 � 47.4a,b 167 � 49.5b,c 131 � 48.6b,c �0.01

Visceral L4–5 (cm2)
Men 195 � 76.1a,b,c 143 � 49.8a 163 � 69.8b 142 � 49.8c �0.01
Women 161 � 61.9a,b 131 � 49.1a 143 � 44.6b 137 � 50.0 �0.01

Subcutaneous L2–3 (cm2)
Men 261 � 106 244 � 124 231 � 113 215 � 98.8 0.12
Women 330 � 123a,b 362 � 134a,c,d 326 � 112c,e 233 � 90.5b,c,d �0.01

Subcutaneous L4–5 (cm2)
Men 360 � 121 347 � 135 336 � 138 294 � 134 0.12
Women 484 � 138a 512 � 154 475 � 135b 376 � 131a,b �0.01

VAT/SAT L2–3
Men 1.23 � 0.55 1.04 � 0.45 1.24 � 0.61 1.10 � 0.45 0.13
Women 0.57 � 0.20a 0.41 � 0.16a,b,c 0.55 � 0.18b 0.61 � 0.23c �0.01

VAT/SAT L4–5
Men 0.59 � 0.26a 0.45 � 0.19a 0.54 � 0.25 0.53 � 0.21 �0.01
Women 0.35 � 0.14a 0.27 � 0.11a,b,c 0.32 � 0.11b 0.39 � 0.16c �0.01

Weight (kg)
Men 101 � 16.2a,b 98.3 � 16.7 94.3 � 17.2a 88.9 � 17.1b �0.01
Women 88.8 � 17.2a,b 93.8 � 17.4a,c,d 84.8 � 15.1c 75.9 � 12.9b,d �0.01

BMI (kg/m2)
Men 32.4 � 5.3 32.0 � 4.8 31.7 � 5.3 30.2 � 5.1 0.32
Women 33.3 � 6.1a 34.5 � 5.9b 33.7 � 5.6c 29.8 � 5.3a,b,c �0.01

Waist circumference (cm)
Men 111 � 11.1a,b,c 106 � 12.2a 105 � 12.3b 101 � 12.8c �0.01
Women 101 � 13.5a 103 � 12.3b,c 98.1 � 11.2b 91.3 � 10.5a,c �0.01

Hip circumference (cm)
Men 110 � 9.0a,b 108 � 9.2c 105 � 10.4a 102 � 11.4b,c �0.01
Women 115 � 12.3a 115 � 11.3b 112 � 10.6 105 � 11.6a,b �0.01

Waist/hip ratio
Men 1.01 � 0.06a 0.98 � 0.07a 0.99 � 0.06 1.00 � 0.04 0.03
Women 0.88 � 0.07 0.89 � 0.07 0.88 � 0.07 0.87 � 0.06 0.08

Waist/height ratio
Men 0.63 � 0.06 0.60 � 0.07 0.61 � 0.07 0.59 � 0.07 0.03
Women 0.62 � 0.08a 0.62 � 0.07b 0.62 � 0.07c 0.57 � 0.07a,b,c 0.04

1 n � 321 men, 636 women. VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue. Values in a row with the same superscript letters are
significantly different between ethnic groups, P � 0.05. Type I errors from multiple comparisons were controlled by using the Holm procedure.

2 American Indians were included in the analysis, as the earlier mention of “American Indian centers” suggests, but their data are not shown because of
the small sample size. F test from ANOVA.

3 x� � SD (all such values).
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group interaction. These outcomes may be due to the fact that
women have more subcutaneous fat than men and to the possi-
bility that, because the subcutaneous fat measured by CT did not
predict diabetes, the higher subcutaneous fat may have “diluted”
the effect of the visceral fat.

In the entire DPP population of 3234 subjects, baseline waist
circumference, waist/height ratio, BMI, hip circumference, and
WHR predicted the development of diabetes (26). Of these mea-
sures, waist circumference had the highest or second-highest
percentage R2 value for predicting diabetes in both sexes. Cox
hazard ratios per 1 SD were 1.43 and 1.49 for men in the placebo
and lifestyle groups, respectively, and 1.29 and 1.53, respec-
tively, for women in these same groups. The c-index from the
ROCs also favored the waist circumference in men and women
(26). In the subgroup for which CT scans are reported here, waist
circumference, WHR, and BMI also were significant predictors,
but, in addition, VAT but not SAT was a significant predictor.
The simplicity with which waist circumference can be measured
appears to make it the preferable surrogate for visceral fat.

Treatment assignment affected the relation of baseline mea-
sures of central adiposity in predicting the development of dia-
betes. In men in the lifestyle group, WHR was a significant
predictor of the risk of diabetes. Among women in the lifestyle
group, visceral fat at L2–3 was a significantly better predictor
than were waist, WHR, and VAT:SAT at both cuts. This implies
that in men the interventions were effective regardless of the

amount or type of visceral fat present at baseline. No measure of
visceral fat or subcutaneous fat predicted diabetes in the met-
formin group. Thus metformin and lifestyle treatments were
successful in reducing diabetes incidence regardless of baseline
measures of central adiposity.

Men and women have different distributions of visceral and
subcutaneous fat, as is evident at both L2–3 and L4–5. Women
had more subcutaneous fat and men had more visceral fat at both
CT cross-sectional measurements. Our findings that men had
more visceral fat and less subcutaneous fat than women thus are
in agreement with other studies (24, 35). Although BMI was
similar in the 4 ethnic groups of men, visceral fat in the African
American men at both L2–3 and L4–5 was lower than that in the
white or Hispanic men and comparable to that in the Asian or
Pacific Islander men. Because the DPP population is not a ran-
dom sample, these conclusions must thus be interpreted with
these differences in mind. Although the ethnic differences in
women were marked, that finding must interpreted cautiously.
However, our data are consistent with numerous other studies
that showed smaller amounts of visceral fat in African Americans
(36–41).

There has been much discussion of whether visceral fat, sub-
cutaneous fat, or waist circumference is the best measure with
respect to risk of metabolic disease. In the present analysis, these
measures were highly correlated, and, thus, the information de-
rived from any one of these variables is shared to a large extent
with the others. By analysis of ROCs, we were able to test
whether measures of visceral fat, subcutaneous fat, or waist cir-
cumference differed with respect to prediction of diabetes. As
has been shown in the literature (9–21), we showed that—in
addition to visceral fat measured by CT—BMI, waist circumfer-
ence, and WHR are predictors for the risk of developing diabetes.
The c-index from the ROCs showed that, among men in the
lifestyle group, was a significantly better predictor of diabetes
than was any other measure of central fat. WHR also predicted
diabetes in the men in the placebo group, but it was not signifi-
cantly more predictive than was visceral fat (at both L2–3 and
L4–5), waist circumference, BMI, or waist/height ratio. Among
women in the lifestyle group, visceral fat (at both L2–3 and
L4–5) and BMI predicted diabetes. Using the c-index from the
ROCs, we found that visceral fat at L2–3 was a significantly
better predictor of diabetes than was WHR, waist circumference,
or VAT/SAT. In the Health Professionals Follow-up Study,
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FIGURE 1. Comparison of visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) at each of the 2 computed tomography cross-sectional
cutoffs with BMI and waist circumference in men (f) and women (p). Left: the cross-sectional area of VAT and SAT in both sexes by computed tomography
at the L2–3 and L4–5 intervertebral lumbar spaces. Right: BMI and waist circumference of the men and the women.

TABLE 2
Correlation between visceral and subcutaneous fat depots in men and
women

Correlation coefficients

PWomen (n � 636) Men (n � 321)

Correlation coefficients
VAT 2–3

VAT 4–5 0.81822 0.80993 0.721
SAT 2–3 0.44531 0.28457 0.007
SAT 4–5 0.39354 0.40023 0.908

VAT 4–5
SAT 2–3 0.41262 0.19105 �0.001
SAT 4–5 0.33419 0.24795 0.17

SAT 2–3
SAT 4–5 0.86272 0.93429 �0.001
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Wang et al (21) found that BMI and waist circumference pre-
dicted the risk of diabetes, but waist was a slightly better predic-
tor than BMI.

The strengths of this trial are the large number of subjects with
a laboratory diagnosis of impaired glucose tolerance who under-
went CT scans during their baseline evaluation and who were
followed for the development of diabetes for an average of 3.2 y.
One weakness is that the subjects had a relatively high BMI and
large amounts of visceral and subcutaneous fat. Compared with
the obese men and women in the study of Fujioka et al (13) who
had impaired glucose or lipid metabolism, the population of the
present study had a quantity of visceral and subcutaneous fat of
�50%. The greater amount of VAT in the DPP participants may
account, in part, for the relatively low hazard ratio for predicting
the development of diabetes. Another limitation is that, because
not all DPP participants were in the CT substudy, there may be
some differences in results between the cohort in the present
study and the entire DPP population. Such differences may be

due to differences in baseline characteristics, such as lower body
weight, BMI, and hip and waist circumferences, in the substudy
participants than in the entire DPP cohort, but they also may be
due to the smaller number of participants in the substudy.

In summary, this substudy from the DPP has shown that base-
line measurements of BMI and central adiposity by several meth-
ods, including visceral fat measured by CT, waist circumference,
and WHR, predicted the development of diabetes. BMI also
predicted the risk of diabetes. No one of these measures was
consistently better than the others, and, thus, CT measurement
provides no important advantage over simpler measures. There
were significant ethnic differences in VAT: African Americans
had lower levels of VAT than of subcutaneous fat. The 2 CT cuts,
L2–3 and L4–5, produced similar results. No baseline measures
of central adiposity were predictive in the participants taking
metformin. We conclude that visceral fat measured by CT at
L2–3 and L4–5 is a significant predictor of diabetes in one or
more subgroups of persons, but that subcutaneous fat by CT is not

TABLE 3
Cox regression models testing the association between baseline measures of central adiposity and the incidence of diabetes in the computed tomography
substudy (HR per 1 SD) by treatment group during an average 3.2-y follow-up1

Baseline
measurement

Placebo group (n � 108) Metformin group (n � 112) Lifestyle group (n � 101)

c-Index R2 HR (95% CI) P c-Index R2 HR (95% CI) P c-Index R2 HR (95% CI) P

Men
Visceral 4–5 0.683 7.3 1.79 (1.21, 2.67) �0.01 0.629 0.3 1.12 (0.70, 1.81) 0.64 0.644a 0.2 1.13 (0.62, 2.08) 0.69
Waist 0.697 6.4 1.69 (1.14, 2.51) �0.01 0.640 1.4 1.49 (0.79, 2.84) 0.22 0.661b 1.0 1.50 (0.69, 3.25) 0.31
BMI 0.668 5.7 1.41 (1.10, 4.82) �0.01 0.660 1.9 1.56 (0.86, 2.82) 0.14 0.656c 0.5 1.37 (0.60, 3.14) 0.46
Waist/height

ratio
0.670 5.1 1.49 (1.07, 2.07) 0.02 0.659 2.4 1.66 (0.90, 3.05) 0.11 0.711 1.6 1.65 (0.78, 3.48) 0.19

Visceral 2–3 0.634 3.9 1.48 (1.02, 2.14) 0.04 0.661 2.8 1.67 (0.95, 2.93) 0.07 0.698d 1.9 1.61 (0.82, 3.15) 0.16
Waist/hip ratio 0.635 3.9 1.44 (1.00, 2.07) 0.05 0.648 1.5 1.38 (0.87, 2.19) 0.18 0.825a–h 7.7 3.47 (1.36, 8.89) �0.01
Subcutaneous

4–5
0.648 3.2 1.41 (0.99, 2.01) 0.06 0.677 2.1 1.49 (0.91, 2.44) 0.12 0.612e 0.4 1.31 (0.57, 2.99) 0.53

VAT/SAT
L4–5

0.591 1.3 1.26 (0.86, 1.86) 0.23 0.619 0.0 0.96 (0.58, 1.57) 0.86 0.577g 0.1 0.89 (0.42, 1.87) 0.75

VAT/SAT
L2–3

0.594 0.8 1.20 (0.81, 1.79) 0.36 0.628 1.3 1.34 (0.84, 2.13) 0.21 0.605h 0.2 1.16 (0.57, 2.36) 0.68

Women
VAT/SAT

L4–5
0.602 1.9 1.29 (1.02, 1.64) 0.03 0.606 0.3 1.16 (0.80, 1.68) 0.43 0.598a 0.3 1.17 (0.80, 1.71) 0.42

Waist/hip ratio 0.586 1.6 1.31 (0.98, 1.75) 0.07 0.620 0.4 1.17 (0.83, 1.65) 0.36 0.608b 0.9 1.31 (0.89, 1.93) 0.17
Visceral 2–32 0.604 1.3 1.28 (0.96, 1.70) 0.09 0.608 0.3 1.16 (0.82, 1.64) 0.40 0.722a,b,c,d 4.7 2.12 (1.34, 3.34) �0.01
Visceral 4–5 0.598 1.3 1.24 (0.96, 1.61) 0.10 0.596 0.3 1.14 (0.81, 1.62) 0.45 0.662 2.5 1.64 (1.11, 2.43) 0.01
VAT/SAT

L2–3
0.608 1.2 1.25 (0.95, 1.64) 0.11 0.624 0.9 1.30 (0.91, 1.86) 0.15 0.608c 0.7 1.28 (0.87, 1.91) 0.21

Subcutaneous
4–5

0.572 0.4 0.87 (0.64, 1.17) 0.35 0.621 0.3 0.87 (0.61, 1.24) 0.44 0.654 1.2 1.43 (0.93, 2.18) 0.10

Subcutaneous
2–3

0.560 0.2 0.90 (0.66, 1.23) 0.52 0.611 0.2 0.88 (0.59, 1.31) 0.53 0.651 1.1 1.40 (0.92, 2.14) 0.12

BMI 0.553 0.0 0.98 (0.71, 1.35) 0.89 0.611 0.0 0.95 (0.66, 1.39) 0.81 0.658 1.8 1.57 (1.02, 2.43) 0.04
Waist/height

ratio
0.555 0.0 0.98 (0.71, 1.35) 0.88 0.607 0.0 1.00 (0.72, 1.38) 0.99 0.633 1.2 1.42 (0.94, 2.14) 0.10

Waist 0.559 0.0 1.02 (0.75, 1.40) 0.89 0.607 0.0 1.03 (0.71, 1.49) 0.89 0.631d 1.0 1.43 (0.89, 2.29) 0.14

1 n � 321 men, 636 women. VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; HR, hazard ratio. Models are ordered by R2 for the placebo
group and are adjusted for self-reported race-ethnicity and age at randomization. Values in the c-index column under Lifestyle group that have the same
superscript letter are significantly different, P � 0.05.

2 Significant differences between treatment groups.
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predictive of the risk for developing diabetes in the DPP popu-
lation.
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