
Several prospective studies have shown that obesity is
a risk factor for Type II (non-insulin-dependent) dia-
betes mellitus, dyslipidaemia, hypertension and ath-
erosclerotic cardiovascular disease [1±3]. In 1956, it
was suggested that the pattern of body fat distribu-
tion also was an important determinant of the compli-
cations of obesity [4]. This was later confirmed by
studies indicating that an upper body fat distribution
poses a greater risk for Type II diabetes and cardio-
vascular disease than obesity per se [5±8]. Simple an-
thropometric indices of the pattern of body fat distri-
bution such as the waist-to-hip ratio [9] and waist-to-
thigh ratio [3], do not distinguish visceral adipose tis-
sue (VAT; which could be metabolically more active)
from subcutaneous abdominal adipose tissue (SAT).
Computed tomography (CT) and magnetic reso-
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Summary Pima Indians are insulin resistant and hy-
perinsulinaemic compared with Caucasians. We in-
vestigated whether abdominal fat distribution was
different between Pimas and Caucasians and whether
differences in the amount of visceral fat explained
metabolic differences between the groups. Total
body fat (absorptiometry) and abdominal fat distri-
bution at L4-L5 (magnetic resonance imaging) were
compared in 20 Pima Indians (10 men/10 women)
and 20 age-, sex- and BMI-matched Caucasians. Insu-
lin action was measured as glucose disposal during
a two-step hyperinsulinaemic-euglycaemic glucose
clamp and insulin secretion was assessed in response
to oral and intravenous glucose tolerance tests. By
design, percent body fat was similar in Pimas and
Caucasians. Abdominal visceral and subcutaneous
adipose tissue areas were also similar in the two
groups (151 ± 16 vs 139 ± 15 cm2 and 489 ± 61 vs
441 ± 57 cm2 respectively). Plasma insulin concentra-

tions were higher in Pimas than Caucasians in the
fasting state (27 ± 6 vs 11 ± 2 mU/ml; p < 0.01) and
after a 75-g oral glucose load (area under the curve
19975 ± 2626 vs 9293 ± 1847 mU × l±1 × 180 min±1;
p < 0.005). Glucose disposal was lower in Pimas than
Caucasians during both steps of the clamp and nega-
tively correlated (after adjustment for percent body
fat and sex) with visceral adipose tissue in Caucasians
(partial r = ±0.51, p = 0.03), but not in Pima Indians
(r = ±0.03, p = 0.92). Insulin secretion was not related
to visceral fat independently of percent body fat in ei-
ther group. We conclude that a relative increase in
visceral fat does not explain insulin resistance and hy-
perinsulinaemia in Pima Indians. [Diabetologia
(1999) 42: 28±34]

Keywords Abdominal obesity, insulin resistance, in-
sulin secretion, Pima Indians.

Received: 18 May 1998 and in revised form: 28 July 1998

Corresponding author: Dr. J.-F. Gautier, Clinical Diabetes and
Nutrition Section, NIDDK/NIH, 4212 North 16th Street,
Phoenix, Arizona, 85016, USA
Abbreviations: CT, computed tomography; MRI, magnetic res-
onance imaging; VAT, visceral adipose tissue; SAT, subcutane-
ous abdominal tissue; OGTT, oral glucose tolerance test; AIR,
acute insulin response to a 25-g bolus dextrose injection;
AUCglucose, area under the curve of glucose concentrations
above basal value during OGTT over 3 hours; AUCinsulin, area
under the curve of insulin concentrations above basal value
during OGTT over 3 hours; M, glucose disposal rate at a
mean plasma insulin concentration of 80 mU/l (M80) and
1760 mU/l (M1760) during euglycaemic glucose clamp; DEXA,
dual-energy x-ray absorptiometry.



nance imaging (MRI) can be used to measure abdom-
inal visceral and subcutaneous adipose tissue and
these studies indicate that insulin resistance, in-
creased blood pressure, and dyslipidaemia are more
prevalent in subjects having a higher proportion of
VAT [10±12]. Consistent with these data, subjects
with Type II diabetes have more VAT than non-dia-
betic subjects independent of body weight [13±14]
and VAT is related to insulin resistance in Caucasians
with Type II diabetes [15]. Furthermore, a prospec-
tive study in Japanese-American men showed that in-
creased VAT precedes the development of Type II di-
abetes [16].

The Pima Indians of Arizona have the highest re-
ported prevalence of Type II diabetes in the world
[17]. When compared with Caucasians, non-diabetic
Pima Indians are less sensitive to the action of insulin,
secrete more insulin and tend to have a more abdomi-
nal pattern of body fat distribution, as assessed by the
waist-to-thigh circumference ratio [18]. Whether
these differences are the consequence of a greater
proportion of visceral fat is not known. The aim of
the present study was to determine whether visceral
fat was increased in non-diabetic Pima Indians rela-
tive to similarly obese Caucasians and to investigate
the relation between insulin action and secretion and
the distribution of adipose tissue in these groups. In-
sulin action was measured using the two-step hyper-
insulinaemic-euglycaemic glucose clamp technique
and insulin secretion was assessed from oral and in-
travenous glucose tolerance tests.

Subjects and methods

Subjects. We studied 20 Pima Indians (10 men and 10 women)
and 20 Caucasian controls. Caucasians were recruited from lo-
cal newspaper advertisements and matched for sex, age
( ± 5 years) and BMI ( ± 3 kg/m2) to Pima Indians. All subjects
were in good health as determined by physical examination
and routine blood and urine tests. None were diabetic [19] or
took prescribed or over-the-counter medications. This study
was approved by the ethics committee of the National Institute
of Diabetes and Digestive and Kidney Diseases and by the
Tribal Council of the Gila River Indian Community and all
subjects gave written informed consent prior to participation.
Subjects were admitted to the Clinical Research Unit for
7±10 days and were provided a standard weight-maintaining
diet containing 50 % carbohydrate, 30 % fat and 20 % protein
for at least 3 days prior metabolic testing. While on the unit,
all subjects were restricted to sedentary activities only.

Body composition and abdominal fat distribution. Fat mass,
fat-free mass and percent fat were measured in total body,
trunk and legs by dual-energy x-ray absorptiometry (DEXA)
using a total body scanner (DPX-L, Lunar Radiation Corp,
Madison, Wis., USA) as described previously [20]. Waist cir-
cumference was measured at the umbilicus while supine and
thigh circumference at the gluteal fold while standing. Waist
circumference and the waist:thigh circumference ratio were
used as indices of the pattern of body fat distribution [18].

Magnetic resonance imaging was done using a General Elec-
tric 1.5 T Sigma scanner (General Electric, Milwaukee, Wis.,
USA) which acquired a series of cross-sectional T-1 weighted
scans centered around L4-L5. Visceral and subcutaneous fat
areas were measured on a single scan at the bifurcation of the
aorta (approximately the 4th±5th lumbar interspace) after
manually drawing regions of interest using image analysis soft-
ware (Image, NIH, Bethesda, Md., USA). Subcutaneous ab-
dominal tissue (SAT) area (in cm2) was quantified as the differ-
ence between total abdominal area and a region of interest
drawn at the demarcation of the subcutaneous and intra-ab-
dominal tissue. A histogram of pixel intensity in the intra-ab-
dominal region was displayed and the intensity corresponding
to the nadir between the lean and fat peaks was used as a cut-
point. Visceral adipose tissue (VAT) was taken as the summed
area of the pixels in the intraabdominal region above this cut-
point. Total abdominal fat area was calculated as the sum of
the SAT and VAT.

Metabolic measurements. An oral glucose tolerance test
(OGTT) with 75 g of glucose was done after 3 days on the re-
search ward. Venous blood samples were collected for the de-
termination of plasma glucose and insulin concentrations at
±15, 0, 30, 60, 120, and 180 min. Fasting glucose and insulin
concentrations were taken as the mean of the samples ob-
tained at ±15 and 0 min. Glucose and insulin responses were
calculated as areas under the curve above fasting values over
3 h. The acute insulin response (AIR) to a 25-g bolus dextrose
injection was calculated as the mean of the change in plasma
insulin concentrations above basal value from the 3rd to the
5th min after the glucose injection. Since even mild degrees
of glucose intolerance can secondarily affect insulin secretion,
AIR was only examined in a subgroup of 13 Pima Indians and
12 Caucasians with normal glucose tolerance (2-h glu-
cose < 7.8 mmol/l). Approximately 7 days after admission, a
2-step hyperinsulinaemic-euglycaemic glucose clamp was
done, as described previously [3]. Briefly, a primed infusion
of regular insulin (Novo-Nordisk, Bethesda, Md., USA) was
given at a dose of 40 mU/m2 body surface area a min for
100 min and at a dose of 400 mU × m±2 × min±1 for an additional
100 min. These infusions produced mean steady-state plasma
insulin concentrations of 80 ± 5 mU/l during the low dose and
1760 ± 170 mU/l during the high dose. Endogenous glucose
production was measured during the low dose using a
primed-continuous infusion of [3-3H]-glucose. As described
previously, glucose disposal (M) during the clamp was adjust-
ed for differences in steady-state plasma glucose concentra-
tions, expressed per kilogram of estimated metabolic body
size (MBS = fat free mass + 17.7) and corrected for endoge-
nous glucose production (assumed to be 0 during the high
dose) [21].

Statistical analysis. All data were analysed using the proce-
dures of the SAS Institute (SAS, Inc., Cary, N. C., USA). Plas-
ma insulin concentrations and M80 were not normally distribut-
ed and were therefore log10 transformed prior to parametric
analyses. Ethnic and sex differences were tested using analysis
of variance or the non-parametric Wilcoxon rank test. Pearson
correlation coefficients were calculated to determine the rela-
tion between selected variables. Multiple regression models
assessed the independent effects of total body fat and abdomi-
nal fat distribution on carbohydrate metabolism. Within each
race, partial correlation coefficients were calculated to deter-
mine the relation between indices of carbohydrate metabolism
and abdominal fat areas independently of percent body fat and
sex. In addition, stepwise regression analyses were performed
entering glucose disposal rate as the dependent variable and
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VAT, SAT, percent body fat, race and sex as independent vari-
ables. Data are expressed as means ± SEM and p values less
than 0.05 are considered significant.

Results

The physical characteristics of the Pima Indians and
Caucasians are compared in Table 1. By design, the
groups were similar in age and BMI. Percent body
fat was slightly, although not significantly, higher in
Pimas than in Caucasians. The waist circumference
was slightly higher, whereas the thigh circumference
was slightly lower in Pimas. Although neither of these
differences in circumference was statistically signifi-
cant, the ratio of the waist circumference to the thigh
circumference was higher in Pimas than Caucasians.
Likewise, total fat mass was similar in the two groups,
but fat mass in the trunk tended to be higher and fat
mass in the legs was slightly less in the Pimas. The ra-
tio of trunk to leg fat mass was consequently higher in
Pimas than Caucasians. Despite their higher waist-to-
thigh circumference ratio and the apparent increase
in fat mass in trunk relative to leg depots as measured
by DEXA, neither VAT nor SAT were statistically
significantly higher in Pimas than in Caucasians. The
ratio of VAT to total abdominal fat area was also sim-
ilar in the two groups.

The metabolic characteristics of the groups are
summarized in Table 2. Fasting and 2-h plasma insu-
lin concentrations were higher in Pima Indians than
in controls. The plasma glucose area under the curve
(AUCglucose) during the OGTT was similar in the two
groups (454 ± 50 and 395 ± 44 mmol/l × 180 min±1 in
Pimas and Caucasians, respectively) whereas the
plasma insulin area under the curve (AUCinsulin)
was higher in Pima Indians than Caucasians
(p = 0.0008). Among subjects with normal glucose
tolerance, the acute insulin response to intravenous
glucose (AIR) tended to be higher in Pima Indians
(n = 13) than in Caucasians (n = 12) but this differ-
ence did not reach statistical significance (p = 0.17).
Glucose disposal was 20±30% lower in Pima Indians
during both steps of the glucose clamp. Basal endog-
enous glucose production was similar in both groups
averaging 11.87 ± 0.34 and 11.65 ± 0.28 mmol × (kg ×
MBS)±1 × min±1 in Caucasians and Pimas, respecti-
vely.

Correlation between body composition, fat distribu-
tion and glucose metabolism. Fasting insulin concen-
tration correlated to waist circumference and SAT in
Caucasians, but not in Pimas (Table 3). The 2-h plas-
ma insulin concentration correlated with SAT in Pi-
mas, but not in Caucasians. These relations did not,
however, remain statistically significant after adjust-
ment for percent body fat and sex. The AUCinsulin
was not related to abdominal fat areas in either

group. Among subjects with normal glucose toler-
ance, AIR was not related to abdominal fat areas,
even after adjustment for M80.

In Caucasians, M80 and M1760 were negatively cor-
related with VAT (Fig.1). In contrast, in Pima Indi-
ans, the negative relation between M80 and VAT
(Fig.1) was weaker and non-significant and no corre-
lation was seen between M1760 and VAT. In both Pima
Indians and Caucasians M80 was negatively corre-
lated with SAT. Endogenous glucose production was
not related to VAT or SAT in either group.

In stepwise regression analyses, only race, VAT
and SAT were related to M80 accounting for 31, 17
and 7% of the variance in glucose disposal, respec-
tively. These results were not changed after removing
percent body fat from the analyses. After adjusting
for percent body fat and waist-to-thigh ratio, race
was still a determinant of fasting insulin, AUCinsulin,
M80 and M1760. Because abdominal fat areas were re-
lated to percent body fat and sex, the relation be-
tween insulin action and abdominal fat areas were
analysed after adjusting for percent body fat and sex.
Among all anthropometric and MRI variables, VAT
remained related to M80 (p = 0.029) and M1760
(p = 0.015) in Caucasians, but not in Pimas. The
lower panels of Figure 1 depict the correlation be-
tween VAT and M80 after adjustment for percent
body fat.
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Table 1. Subjects' physical characteristics and body composi-
tion

Caucasians
(n = 20)

Pima Indians
(n = 20)

Difference
(%)

Race effect
p value

Age (year) 32 ± 3 32 ± 5 0.94
Weight (kg) 96.1 ± 5.7 96.0 ± 5.7 0.86
Height (cm) 170 ± 2 165 ± 2 �2.9 0.01
BMI (kg/m2) 33.4 ± 2.9 35.5 ± 2.0 +6.3 0.39
Waist (cm) 107 ± 5 112 ± 5 +4.7 0.41
Thigh (cm) 69 ± 2 67 ± 2 �2.9 0.47
Waist/thigh 1.53 ± 0.03 1.67 ± 0.04 +9.2 0.01
% Body fat 31.5 ± 2.3 34.5 ± 2.4 +9.5 0.14

FM
Total (kg) 37.3 ± 4.2 39.6 ± 4.1 +6.1 0.67
Trunk (kg) 18.4 ± 2.2 21.6 ± 2.1 +17.4 0.27
Legs (kg) 14.1 ± 1.7 13.0 ± 1.7 �7.8 0.58
Trunk/legs 1.37 ± 0.11 1.80 ± 0.12 +31 0.02

FFM
Total (kg) 54.3 ± 2.6 49.7 ± 2.5 �8.5 0.15
Trunk (kg) 26.3 ± 1.1 24.9 ± 1.3 �5.3 0.35
Legs (kg) 18.4 ± 1.1 16.4 ± 0.9 �10.9 0.12
Trunk/legs 1.47 ± 0.04 1.53 ± 0.03 +4.1 0.27

SAT (cm2) 441 ± 57 489 ± 61 +10.9 0.52
VAT (cm2) 139 ± 15 151 ± 16 +8.6 0.60
TAT (cm2) 580 ± 63 640 ± 69 9.4 0.49
VAT/TAT 0.28 ± 0.03 0.26 ± 0.02 �7.1 0.54

Means ± SEM. WTR, waist-to-thigh ratio. FM, fat mass. FFM,
fat free mass. SAT, subcutaneous abdominal adipose tissue
area. VAT, visceral adipose tissue area. TAT, sum of visceral
and abdominal subcutaneous adipose tissue areas. P values
were calculated by analysis of variance



Discussion

Abdominal obesity is associated with a number of ad-
verse metabolic conditions including insulin resis-
tance, hyperinsulinaemia and glucose intolerance.
Visceral fat depots are higher in overweight Cauca-
sian and lean Japanese-American patients with Type
II diabetes relative to non-diabetic controls of similar
BMI [13±14]. Since the Pima Indians of Arizona have
the highest reported prevalence of Type II diabetes
[17] and tend to have an abdominal pattern of fat dis-
tribution [18], we hypothesized that visceral fat was

increased and was related to insulin resistance and
hyperinsulinaemia in this population. Despite having
a higher waist-to-thigh ratio, neither visceral nor sub-
cutaneous abdominal fat areas were higher in Pimas
than in Caucasians with similar degrees of obesity.
Moreover, insulin action and secretion were not relat-
ed to the amount of visceral adipose tissue in Pima
Indians. These results suggest distinct mechanisms of
insulin resistance in Pima Indians compared with
Caucasians.

In contrast to the weak correlation between VAT
and insulin action observed in Pima Indians, there
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Table 2. Glucose and insulin concentrations and insulin action/secretion

Caucasians
(n = 20)

Pima Indians
(n = 20)

Difference
(%)

Race effect
p value

Glucose (mmol/l)
fasting 4.6 ± 0.1 4.9 ± 0.2 +7.2 0.03
2-h 6.5 ± 0.4 7.5 ± 0.4 +10.6 0.21

Insulin (mU/l)
fasting 10.5 ± 1.7 27.4 ± 6.2 +161 0.007
2-h 66.1 ± 12.6 158.9 ± 25.2 +140 0.002

M (mmol × kg MBS�1 × min�1)
M80 22.6 ± 1.3 15.8 ± 1.7 �29.7 0.003
M1760 54.3 ± 3.1 42.2 ± 3.0 �22.2 0.009

AUCinsulin
(mU × l�1 × 180 min�1) 9293 ± 1847 19975 ± 2626 +115 0.0008

AIR (mU/l) 81 ± 23 147 ± 43 +81 0.17a

Means ± SEM, glucose disposal rate at a mean plasma insulin
concentration of 80 mU/l (M80) and 1760 mU/l (M1760) during
euglycaemia expressed as mmol per kilogram of estimated me-
tabolic body size (MBS = fat free mass + 17.7) per min. AUCin-

sulin, area under the curve of insulin concentrations above basal
value during OGTT over 3 h. AIR, acute insulin response ex-

pressed as the mean of the change in plasma insulin concentra-
tions relative to basal value from the third to the fifth minute
after the intravenous glucose injection in subjects with normal
glucose tolerance (13 Pima Indians and 12 Caucasians). P val-
ue from ANOVA procedures. a P value from Wilcoxon rank
test

Table 3. Pearson's correlation coefficients between anthropometric measures and metabolic variables in Pima Indian and Cauca-
sian subjects

% body fat Waist (cm) Waist/thigh VAT (cm) SAT (cm)

Pimas Caucasians Pimas Caucasians Pimas Caucasians Pimas Caucasians Pimas Caucasians

Fasting
glucose (mmol/l) 0.65a 0.44 0.61a 0.30 0.14 0.06 0.26 0.16 0.65a 0.43
insulin (mU/l) 0.45a 0.37 0.33 0.57a 0.15 0.38 0.16 0.42 0.30 0.45a

AUCglucose
(mmol × l�1 × 180 min�1) 0.10 0.41 �0.04 0.54a 0.21 0.16 0.20 0.32 0.03 0.41

AUCinsulin
(mU × l�1 × 180 min�1) 0.62a 0.49 0.57 0.57 0.44 0.63a 0.53 �0.1 0.46 0.51

M80
(mmol × kg MBS�1 × min�1) �0.44 �0.48a �0.51a �0.64a �0.47a �0.56a �0.39 �0.64a �0.50a �0.46a

M1760
(mmol × kg MBS�1 × min�1) �0.36 �0.13 �0.23 �0.39 �0.11 �0.39 �0.09 �0.65a �0.31 �0.18

AIR (mU/l) 0.27 0.32 0.12 0.48 0.26 0.68a �0.18 0.22 0.09 0.35

AUCglucose and AUCinsulin, areas under the curve of glucose and
insulin concentrations above basal value during OGGT over
3 h. M, glucose disposal rate at a mean plasma insulin concen-
trations of 80 mU/l (M80) and 1760 mU/l (M1760) expressed as
mmol per kilogram of estimated metabolic body size
(MBS = fat free mass + 17.7) per min. AIR, acute insulin re-

sponse expressed as the mean of the change in plasma insulin
levels relative to basal value from the third to the fifth minute
after the intravenous glucose injection. Analysis with AUCinsu-

lin and AIR were restricted to subjects with normal glucose tol-
erance (13 Pima Indians and 12 Caucasians). a p < 0.05



was a negative correlation between the amount of
visceral fat and insulin action in Caucasians, con-
firming the findings of many previous reports. The
disparate results in Pimas and Caucasians suggests
that ethnicity can affect the relation of insulin action
and VAT. Few studies have directly investigated this
possibility. In African-American with Type II diabe-
tes insulin-mediated glucose uptake was strongly
correlated with visceral adipose tissue [22]. In Kore-
an subjects, visceral adipose tissue areas were relat-
ed to glucose disposal rate [23]. In Japanese subjects
the ratio of visceral to subcutaneous fat area was re-
lated to plasma glucose area during OGTT [11]. In-
creased amounts of visceral fat predicted the onset
of Type II diabetes in Japanese-American men [16].
Thus, the relation between the amount of visceral
fat and impairments in glucose metabolism does not
appear to be restricted to Caucasians. Our observa-
tion that Pima Indians are insulin resistant, yet have
similar amounts of visceral fat, relative to equally
obese Caucasian control subjects, suggests that an
additional mechanism contributes to insulin resis-
tance in the Pimas. Such a mechanism could weaken
any correlation between insulin action and VAT in
the Pimas.

In addition to being more insulin resistant, Pima
Indians typically have higher insulin secretory re-
sponses than Caucasians [18]. Since it has been sug-

gested that increased VAT impairs hepatic insulin
clearance resulting in peripheral hyperinsulinaemia,
we sought to establish whether differences in insulin
responses to oral and intravenous tolerance tests be-
tween Pima Indians and Caucasians were related to
VAT. Consistent with previous comparisons, insulin
responses were higher in Pima Indians than in
matched Caucasian control subjects [18]. Neither
AIR nor AUCinsulin were related, however, to abdom-
inal fat areas in Pimas or in Caucasians, even after ad-
justing for the differences in M80 between the groups.
Similarly, no correlation was found between visceral
adipose tissue and first phase insulin secretion as
evaluated by the minimal model method and only a
weak correlation between second phase insulin secre-
tion and visceral fat [24]. Thus, the results of the pre-
sent study do not support a role for visceral fat in the
aetiology of the higher insulin responses to oral and
intravenous glucose stimuli in Pimas compared with
Caucasians.

Differences in food intake and physical activity
could account for the ethnic differences in metabolic
function observed in the present study. Diet and exer-
cise were controlled, however, over the short term by
admitting subjects to the Clinical Research Center at
least 3 days prior to the study. Moreover, we have
shown previously that energy and macronutrient in-
takes (fat, carbohydrate and protein) are similar in
Pima Indians compared with participants in the third
National Health and Nutrition Examination Survey
[25]. Thus, the differences in metabolic function be-
tween similarly obese Pimas and Caucasians and the
large differences in risk for diabetes between these
two groups suggest that unique genetic factors con-
tribute to insulin resistance and hyperinsulinaemia
in Pima Indians [26].
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Fig. 1. Relation between glucose disposal rate (M) during low
dose insulin infusion and visceral adipose tissue area in Pima
Indians (right panels) and Caucasians (left panels). Lower fig-
ures depict the relation between glucose disposal rate and vis-
ceral adipose tissue after adjustment for percent total body
fat. Pearson's coefficients were calculated after log transfor-
mation of glucose disposal rate



Although an increase in VAT is most commonly
implicated in the metabolic complications of abdomi-
nal obesity, the accumulation of fat in subcutaneous
abdominal depots could be metabolically disadvanta-
geous as well. Several studies have shown that the
negative correlation between insulin-mediated glu-
cose uptake and SAT is greater than that observed
between insulin action and VAT [27±29]. For exam-
ple, when the entire abdominal region using contigu-
ous axial 10-mm slices were scanned to determine vis-
ceral and subcutaneous adipose tissue volumes it was
found that SAT correlated more strongly to glucose
disposal than did VAT [27, 28]. It has also been shown
that SAT at the L4-L5 level is more strongly corre-
lated with glucose disposal than VAT [29], but this
study included women who were thinner and had
less VAT than those in our study. In our study, VAT
was more strongly correlated to insulin action than
was SAT in Caucasians but not in Pima Indians where
the reverse was true. In the group as a whole, step-
wise regression analyses indicated that both VAT
and SAT are associated with insulin action.

The waist-to-thigh ratio, an index of the pattern of
body fat distribution, was higher in Pima Indians than
in Caucasians in our study. Surprisingly, this tendency
toward a more abdominal distribution of fat was not
reflected by an increase in VAT or SAT among the Pi-
mas. By design, the groups were well matched for
weight and BMI. Total body fat mass was also quite
similar in the two groups but fat free mass tended to
be lower in Pima Indians than in Caucasians. The
waist circumference was slightly, although not signifi-
cantly, higher in Pimas than Caucasians and the thigh
circumference was slightly less. Consequently, the
waist-to-thigh ratio was higher. Similar differences
between the groups were noted in the regional mea-
sures of body composition. Truncal fat mass, mea-
sured by DEXA, was slightly, although not signifi-
cantly, higher in the Pimas whereas fat mass in the
legs was, if anything, less in the Pimas. The ratio be-
tween trunk and leg fat mass was, thus, higher in Pi-
mas than Caucasians, mirroring the higher waist-to-
thigh ratio. The tendency for Pima Indians to have a
more abdominal distribution of body fat compared
with similarly obese Caucasians could, in part, be be-
cause for a given degree of obesity, Pimas have small-
er legs (with both fat mass and fat-free mass less than
in Caucasians). Both VAT and SAT reflect the
amount of truncal fat, hence were similar in Pimas
and Caucasians. Thus, the differences in the relative
distribution of fat between the groups (indexed as
the waist-to-thigh ratio) do not result from the prefer-
ential accumulation of fat in visceral depots and do
not explain the differences in metabolic function be-
tween Pimas and Caucasians.

Although the results of this study suggest that dif-
ferences in insulin action and insulin secretion be-
tween Pima Indians and Caucasians are not ex-

plained by differences in the amount of visceral fat,
these findings must be interpreted with caution due
to the small sample size in each of the groups studied.
It is particularly important to be circumspect in draw-
ing conclusions from the multiple regression analyses
in which there was only borderline power. Moreover,
certain measurements such as VAT, SAT and percent
body fat are highly intercorrelated. Thus, multicollin-
earity is a potential problem in multiple regression
analyses which could make discerning the separate
and independent effects of these variables difficult.

In conclusion, Pima Indians have similar amounts
of visceral and subcutaneous adipose tissue com-
pared to age-, sex-, and BMI-matched Caucasians,
but are less sensitive to the metabolic action of insulin
and secrete more insulin. Furthermore, VAT is not
highly correlated with insulin resistance in Pima Indi-
ans. Thus, the higher prevalence of insulin resistance,
hyperinsulinaemia and Type II diabetes in Pima Indi-
ans compared with Caucasians cannot be attributed
to the preferential accumulation of fat in visceral de-
pots in Pimas.
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