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easures of generalized obesity,
such as body mass index (BMI)
(kg/m2), and of central fat distribution, such as waist-to-thigh ratio
(WTR), are associated with subsequent
development of non-insulin-dependent
diabetes mellitus (NIDDM) (1-7). Studies
have shown that centralized obesity is asDONALD K. WARNE, BS
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sociated with diabetes risk factors (8-12)
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and may be more predictive than overall
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obesity for the incidence of NIDDM ( 1 7).
The Pima Indians of the Gila River
Indian Community of Arizona are obese
OBJECTIVE — To determine and compare the abilities of various anthropometric and have a high incidence of NIDDM
measurements to predict the development of non-insulin-dependent diabetes mellitus (13,14). In prior studies, BMI (14) and
(NIDDM) in Pima Indian men and women.
WTR (6) predicted the development of
NIDDM in this population. If other body
size measurements are better predictors
RESEARCH DESIGN A N D M E T H O D S — A total of 290 male and 443 fe
male Pima Indians were followed for up to 6 years for the development of NIDDM. A or add significantly to the prediction of
proportional hazards analysis was used to assess the ability of anthropometric mea- NIDDM, they might be used to identify
surements evaluated at baseline to predict NIDDM. Receiver operating characteristic those at risk for developing diabetes.
(ROC) curves were used to compare individual variables in predicting NIDDM.
The aim of our present study is to
evaluate the relative predictive ability of
RESULTS — In separate models controlled for age and sex, body mass index (BMI), percentage body fat (PBF) estimated by
waist circumference, thigh circumference, waist-to-thigh ratio (WTR), weight, and bioelectric resistance (15) and to compare
percentage body fat (PBF) estimated by bioelectric resistance each predicted NIDDM, the ability of other anthropometric meawhich developed in 30 men and 52 women. The highest incidence rate ratios (IRRs; for surements, including waist circumference,
1 SD of a variable) were for WTR in men and for PBF in women, although the confi- thigh circumference, WTR, weight, and
dence interval (CI) for PBF was wide. In step wise analyses, WTR was the most signif- BMI, to predict the development of NIDDM
icant predictor in men (IRR for 1 SD = 1.58, 95% CI = 1.20-2.07), and BMI was the in Pima Indians.
most significant predictor in women (IRR for 1 SD = 1.65, 95% CI = 1.29-2.11).
However, by ROC analyses, thigh circumference was the only variable significantly
RESEARCH DESIGN A N D
worse than WTR in men or BMI in women at predicting NIDDM.
M E T H O D S — An epidemiological
C O N C L U S I O N S — Measurements such as waist circumference, WTR, weight, study of diabetes has been conducted in
and BMI may be as useful as more complicated measurements, such as PBF by bio- the Pima Indian population since 1965
electric resistance, for identifying groups of individuals whose body habitus places (13). Subjects are invited to biennial examinations consisting of a medical history
them at high risk of developing NIDDM.
and a physical examination with measurements of height, weight, waist and
thigh circumferences, and bioelectric resistance.
A 75-g oral glucose tolerance test
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BMI, body mass index; CI, confidence interval; IRR, incidence rate ratio; NIDDM, nonStarting in February 1988, bioinsulin-dependent diabetes mellitus; PBF, percentage body fat; ROC, receiver operating charac- electric resistance data were collected on
teristic; WTR, waist-to-thigh ratio.
an RJL Systems body composition analyzer. PBF was calculated from an equa-
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Table 1—Correlations between body size measurements at the baseline examination

first examination until the last examination before May 1, 1994, or to the diagnosis of NIDDM, whichever occurred
first.
Statistical analysis
Proportional hazards regression analysis
was used to determine the ability of anthropometric measurements individually
and in combination to predict the development of NIDDM. Age-adjusted (with a
quadratic term) stepwise proportional
hazards models were used to select those
body size measurements in each sex that

RESULTS— Of 1,428 potentially eligible subjects, 1,095 had an examination
at least 3 years before the end of the study
and, thus, had ample time for follow-up.
The 658 (60.1%) with and the 437
(39.9%) without follow-up were of similar obesity (mean BMI = 33.6, 95% confidence interval [CI] = 33.0-34.2, and

BMI

Waist
circumference

Thigh
circumference

WTR

Weight

PBF

1.000
0.900
0.757
0.414
0.963
0.866

—
1.000
0.634
0.667
0.891
0.840

—
—
1.000
-0.143
0.774
0.651

—
—
—
1.000
0.386
0.468

—
—
—
—
1.000
0.858

—
—
—
—
—
1.000

1.000
0.914
0.732
0.500
0.957
0.813

—
1.000
0.649
0.689
0.900
0.844

—
—
1.000
-0.096
0.768
0.566

—
—
—
1.000
0.441
0.590

—
—
—
—
1.000
0.790

—
—
—
—
—
1.000

Pearson product-moment correlations are shown. P < 0.0001 for each positive correlation; P < 0.05 for the
negative correlations between WTR and thigh circumference.

tion derived from this population (17) using age, sex, weight, height, and
bioelectric resistance measurements (15).
Subjects examined in this study
included nonpregnant adult Pima Indians
who attended biennial examinations in
the Gila River Indian Community in Arizona and were at least 18 years old during
the period from February 1988 to May
1994. All subjects had either normal or
impaired glucose tolerance at baseline examination, had at least one follow-up visit
during the study period, and were followed for a minimum of 1 year from the

Table 2—Age-adjusted IRR for individual body size measurements as predictors of NIDDM among Pima Indians from the Gila River
Indian Community of Arizona
IRR (95% CI)
Variable
2

BMI (kg/m )
Waist circumference (cm)
Thigh circumference (cm)
WTR
Weight (kg)
PBF (%)

Men
32.1
103.4
62.0
1.7
94.5
27.2

±
±
±
±
±
±

Women
7.4
19.8
8.9
0.2
24.2
7.3

34.5
109.0
68.9
1.6
88.2
38.2

± 8.1
± 18.5
± 8.3
±0.2
± 22.3
± 5.4

Both
33.5
106.8
66.2
1.6
90.7
33.8

± 7.9
± 19.2
± 9.2
±0.2
± 23.3
± 8.2

Men

Women

Both

1.40(1.02-1.93)
1.57(1.16-2.12)
1.19 (0.82-1.73)
1.58(1.20-2.07)
1.33 (0.98-1.82)
1.43 (0.94-2.19)

1.65(1.29-2.11)
1.49(1.14-1.96)
1.37 (1.05-1.79)
1.30(0.97-1.73)
1.57 (1.23-2.01)
1.79 (1.24-2.58)

1.54(1.27-1.88)
1.53(1.24-1.88)
1.33 (1.05-1.68)
1.44(1.17-1.78)
1.44(1.19-1.74)
1.84(1.29-2.64)

Data are means ± SD. Each variable was tested in a model containing that variable plus age and age2 (men and women separately) or age, age2, and sex (both). IRRs
are given for an increase of 1 SD of the predictor variables for men, women, and both; 95% CIs were computed from the SE of each estimate.
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Men
BMI
Waist
Thigh
WTR
Weight
PBF
Women
BMI
Waist
Thigh
WTR
Weight
PBF

significantly predicted diabetes. Threeyear cumulative incidence rates of
NIDDM as functions of individual body
size measurements were estimated from
the survival function and parameter estimates of the proportional hazards model.
Because the anthropometric measurements were highly correlated, their
predictive abilities were compared directly by receiver operating characteristic
(ROC) curves. This method examines the
ability of a variable to predict diabetes by
depicting sensitivity as a function of 1 —
specificity. The area under the ROC curve
represents the probability of correctly distinguishing one individual, chosen at random from those who developed NIDDM,
from another, chosen from those who did
not develop NIDDM (18). The area under
the curve ranges from 0.5, i.e., an ability
to distinguish individuals that is equal to
that of chance, to 1.0, or perfect predictive ability. The significance of the difference between the areas under two ROC
curves was determined by the CLABROC
program (19).
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C O N C L U S I O N S — The relationship
Figure 1—Three-year cumulative incidence rates ofNIDDM as a junction ojBMI, weight, PBF, waist
between
obesity and NIDDM was deterand thigh circumferences, and WTR quartiles among residents oj the Gila River Indian Community in
mined
prospectively
in 733 subjects. ParArizona. • • , men; CD, women. The points dividing the quartiles for BM1 were 26.9, 31 A, and 36.1
2
2
ticipation in the follow-up examinations
kg/m (men) and 28.6,33.5, and 39.3 kg/m (women). The points dividing the quartiles for weight were
was unrelated to obesity. Central body fat
78, 92, and 109 kg (men) and 72, 84, and 101 kg (women). The points dividing the quartiles for PBF
distribution is associated with elevated
were 23.8,28.0, and31.9% (men) and 34.7,38.7, and 42.2% (women). The points dividing the quartiles
insulin and glucose concentrations, posfor waist were 91,102, and 113 cm (men) and 96,108, and 121 cm (women). The points dividing the
sibly as a result of an increased concentraquartiles for thigh were 56, 61, and 69 cm (men) and 64, 69, and 75 cm (women). The points dividing
the quartiles for WTR were 1.5, 1.7, and 1.8 (men) and 1.4,1.6, and 1.7 (women).
tion of free fatty acids released into the

mean BMI = 33.2, 95% CI = 32.4-34.0,
respectively). An additional 75 subjects
(BMI = 33.5, 95% CI = 31.6-35.3) returned within 3 years. Thus, 733 subjects
(290 men and 443 women) were followed
for a mean of 3.2 years (range 1.1-6.3
years), during which time 82 subjects, 30
men (10.3%) and 52 women (11.7%), developed NIDDM. The body size measurements were highly correlated (Table 1),
and correlations were similar in men and
women. Each measurement, controlled
for age and sex, significantly predicted
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NIDDM (P < 0.05). The 3-year cumulative incidence of NIDDM predicted by
BMI, weight, PBF, waist, thigh, and WTR,
controlled for age, is shown in Fig. 1.
Table 2 shows the incidence rate
ratios (IRR) for these variables analyzed as
continuous variables. When the sexes
were combined, there was a significant
positive relationship between each measurement and the incidence ofNIDDM (P
< 0.05). When the sexes were analyzed
separately, BMI, waist, and WTR significantly predicted NIDDM in men, while

1995

portal vein by abdominal adipose tissue
(20). Elevated portal-vein free fatty acids
inhibit hepatic insulin clearance (21,22)
and stimulate hepatic gluconeogenesis
(23,24), resulting in hyperinsulinemia
and hyperglycemia, which are risk factors
for NIDDM (25).
High BMI is a strong risk factor for
the development of diabetes in the Pima
Indians (14). In our present study, anthropomorphic measurements other than
BMI, such as weight, waist circumference,
thigh circumference, WTR, and PBF,
were equally predictive of diabetes when
controlled for the known effects of age
and sex (14). Studies conducted in other
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9.5

BMI, waist, thigh, weight, and PBF significantly predicted NIDDM in women (Table 2). For women alone and for the sexes
combined, PBF had the highest IRR for a
difference of 1 SD of a variable. However,
because it also had the widest CI, the estimate is less precise. For men, WTR had
the highest IRR and the smallest CI.
In age-adjusted step wise proportional hazards analyses with all six anthropomorphic variables available to the
model, WTR alone was selected as the
most statistically significant predictor of
NIDDM among men (IRR = 1.58,95% CI
= 1.20-2.07) and BMI alone was the
most statistically significant predictor
among women (IRR = 1.65, 95% CI =
1.29-2.11). While no other body size
measurement significantly added to the
prediction of diabetes in these models,
this was partially due to the high correlations between variables. ROC analyses indicated that neither WTR in men nor BMI
in women was significantly superior to
any of the other measures, except for
thigh circumference.

Body size measurements and NIDDM
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populations have also found measurements of fat distribution to be predictive
of diabetes and to add significantly to the
prediction of general obesity (1-5,7).
However, in contrast with these other
studies, estimates of fat distribution in
our present study were not significantly
better than general estimates of obesity.
Rather, the various measurements were
equally predictive of diabetes, and fat distribution added little to the predictive
ability of BMI alone. Perhaps the predictive value of BMl was equivalent to that of
measures of abdominal obesity (waist circumference or WTR) because of a greater
range in BMI in the Pima Indians than in
other populations (14) or because the
Pima population has a more uniform somatotype. For whatever reason, since
ROC curve analyses indicate that the simple measures of weight, BMI, waist circumference, and WTR are not significantly different from PBF as predictors of
NIDDM, these inexpensive measurements may be sufficient for assessing obesity as a risk factor for diabetes in this
population. A better understanding of the
relationship between NIDDM and obesity
may point to the mechanisms involved in
the development of diabetes in susceptible individuals. The high incidence and
prevalence of NIDDM and obesity in this
and other populations make research into
these two conditions and their prevention
of considerable priority.
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