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Type 2 diabetes mellitus (T2DM) is strongly associated with obesity
in most, but not all, ethnic groups, suggesting important ethnic
differences in disease susceptibility. Although it is clear that insulin
resistance plays a major role in the pathogenesis of T2DM and that
insulin resistance is strongly associated with increases in hepatic
(HTG) and�or intramyocellular lipid content, little is known about
the prevalence of insulin resistance and potential differences in
intracellular lipid distribution among healthy, young, lean individ-
uals of different ethnic groups. To examine this question, 482
young, lean, healthy, sedentary, nonsmoking Eastern Asians (n �

49), Asian-Indians (n � 59), Blacks (n � 48), Caucasians (n � 292),
and Hispanics (n � 34) underwent an oral glucose tolerance test to
assess whole-body insulin sensitivity by an insulin sensitivity
index. In addition, intramyocellular lipid and HTG contents were
measured by using proton magnetic resonance spectroscopy. The
prevalence of insulin resistance, defined as the lower quartile of
insulin sensitivity index, was �2- to 3-fold higher in the Asian-
Indians compared with all other ethnic groups, and this could
entirely be attributed to a 3- to 4-fold increased prevalence of
insulin resistance in Asian-Indian men. This increased prevalence of
insulin resistance in the Asian-Indian men was associated with an
�2-fold increase in HTG content and plasma IL-6 concentrations
compared with Caucasian men. These data demonstrate important
ethnic and gender differences in the pathogenesis of insulin
resistance in Asian-Indian men and have important therapeutic
implications for treatment of T2DM and for the development of
steatosis-related liver disease in this ethnic group.

gender and ethnic differences � hepatic steatosis � insulin resistance �
risk of type 2 diabetes

The worldwide prevalence of type 2 diabetes mellitus (T2DM)
is expected to double within the next two decades, with the

greatest increase occurring in Asia and the Indian subcontinent,
where it will affect �130 million individuals (1). In contrast to
other ethnic groups, Eastern-Asians and Asian-Indians tend to
develop T2DM without the same degree of generalized adiposity
(2) and with a greater tendency to develop central obesity (3). In
addition, the prevalence of diabetes has been found to be much
higher in Hispanics and Blacks compared with Caucasians (4).
These data suggest important ethnic differences in T2DM
susceptibility (5–8). Although the primary cause of T2DM is
unknown, insulin resistance plays a major role in the pathogen-
esis of this disease and is strongly associated with increases in
intracellular fat content in liver and skeletal muscle (9–13).

To examine whether there are differences in the prevalence of
insulin resistance between different ethnic groups, we examined
insulin sensitivity by oral glucose tolerance testing (OGTT) in
young, lean, healthy, sedentary Eastern-Asian, Asian-Indian,
Black, Hispanic, and Caucasian volunteers. The advantage of
studying this cohort of young, lean, healthy individuals is that
they have none of the confounding factors that might contribute
to insulin resistance and the pathogenesis of insulin resistance,
and T2DM can be examined at its earliest steps.

Because increases in intracellular lipid metabolism have been
implicated in the pathogenesis of insulin resistance in liver and
muscle, these studies were complemented by proton magnetic
resonance spectroscopy (MRS) measurements of hepatic triglyc-
eride (HTG) and intramyocellular lipid (IMCL) content.

Results
Prevalence of Insulin Resistance. All subjects were young, lean,
healthy, and similar in age, weight, and BMI among the different
ethnic groups, although the Eastern-Asian subjects tended to be
on average slightly smaller and leaner than the other ethnic
groups (Table 1). Because smoking and physical activity can
affect insulin sensitivity, only subjects who were nonsmoking and
sedentary were selected to participate in these studies. Physical
activity questionnaires demonstrated that all groups were indeed
sedentary and had similar daily activity levels (Table 1). Fur-
thermore, all subjects were weight-stable, and there were no
significant differences in dietary composition among the ethnic
groups as assessed by dietary questionnaire (data not shown).
The distribution of the homeostasis model assessment (HOMA)
for the entire study population is shown in Fig. 1a. The 25th,
50th, and 75th percentiles for HOMA were 1.54, 2.00, and 2.63,
respectively.

Despite being matched for dietary and activity history as well
as for BMI fasting plasma glucose and insulin concentrations
were significantly increased in the Asian-Indians compared with
the other ethnic groups (Table 1). Mean HOMA was also
significantly increased in the Asian-Indians compared with all
other ethnic groups, suggesting that on average young, lean,
healthy Asian-Indians are more insulin-resistant than other
tested ethnic groups.

The distribution of the insulin sensitivity index (ISI) for the
entire population is shown in Fig. 1b. The 25th, 50th, and 75th
percentiles for ISI were 3.68, 4.65, and 6.06, respectively. Similar
to the higher HOMA index reflecting more insulin resistance in
the Asian-Indians the ISI, which operates in the reverse direc-
tion, was significantly lower in the Asian-Indian group compared
with the other ethnic groups. Furthermore, the prevalence of
insulin resistance, as defined by the lower ISI quartile, was 2- to
3-fold higher in the Asian-Indian group (59%) compared with
other ethnic groups [Caucasian (20%), Eastern-Asian (30%),
Black (33%), and Hispanic (18%)].

When gender was taken into account the difference in prev-
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alence of insulin resistance in the Asian-Indian population could
entirely be accounted for by an increased prevalence (81%) of
insulin resistance in the Asian-Indian men (Table 2). There were
no differences in either ISI or HOMA among the other ethnic
or gender groups (Tables 1 and 3).

Liver and Intramyocellular Triglyceride Content. To examine the
mechanism for the increased prevalence of insulin resistance in
the Asian-Indian men we measured intracellular lipid content in
muscle and liver in a subgroup of these individuals using MRS
and compared them to a subgroup of Caucasian men. Both
groups of individuals who underwent MRS were similar to the
Asian-Indian and Caucasian men, who did not undergo MRS
with respect to age and BMI. However, the MRS subgroup
differed slightly with respect to fasting plasma glucose concen-
trations 94.2 mg�dl vs. 90.1 mg�dl in the subjects who did not
undergo MRS. This resulted in corresponding differences in ISI
(MRS group median of 3.5 vs. without-MRS median of 4.8) and
HOMA (MRS group median of 2.64 vs. without-MRS group
median of 1.93). Nevertheless, the proportion of Asian-Indian
subjects who underwent MRS was higher than the proportion of
the Caucasian men who underwent MRS (74% vs. 59%), sug-
gesting that our estimates of differences between Asian-Indian
and Caucasian men may be conservative.

Both intrahepatic triglyceride and IMCL content were in-
creased in the Asian-Indian men compared with the Caucasian
men (Table 4). However, when adjusted for by the ISI, the
Asian-Indian men had a �2-fold increase in HTG content
compared with the Caucasian men whereas the differences in the
amount of IMCL between the two groups did not persist (Table
4). The 90th and 95th percentiles for HTG concentration were
1.75% and 3.00%, respectively, for the entire Caucasian cohort
(73 men�97 women) who underwent 1H MRS measurements of
liver triglyceride content. These upper limits of HTG content are
somewhat lower than those previously reported by Szczepaniak
et al. (14) (90th and 95th percentiles of 4.3% and 5.6%, respec-
tively). The reason for their higher upper limits is unclear but
may be attributed to the fact that, in contrast to our studies, these
workers did not gate for respiration, which may lead to overes-
timation of liver triglyceride content because of contamination
from fat in the gall bladder moving into the field of observation
during respiration. Furthermore, these workers do not provide
any specific information about the mean or median BMI of these
subjects other than stating that they all had a BMI of �25, so it
is possible that our subjects were on average leaner than their
subjects.

Plasma Adipocytokines. Plasma concentrations of IL-6 and leptin
were both increased in Asian-Indian men compared with Cau-
casian men both adjusted and unadjusted for by the ISI (Table
4). However, there were no differences in plasma adiponectin or
TNF-� concentrations between these two groups after adjusting
for the ISI (Table 4).

� Cell Responsiveness. � cell responsiveness was examined in a
subgroup of Asian-Indian (n � 21) and Caucasian (n � 71) men
during the OGTT as previously described (15). Asian-Indian

Fig. 1. Shown are HOMA (a) and ISI (b) distribution in the entire cohort.

Table 1. Metabolic characteristics of the different ethnic groups

Gender (%)
Age,
years

Weight,
kg Height, m

BMI,
kg�m2

Activity
index

Fasting
glucose,
mg�dl*

Fasting insulin,*†

microunits�ml HOMA*†

ISI,*† 10–4

dl�min per
microunit�mlSubjects n Male Female

Eastern-Asian 59 20
(33.9)

39
(66.1)

26.3 � 6.8 59.6 � 9.7 1.66 � 0.08 21.4 � 2.2 2.7 � 0.1 90.4
(88.4, 92.4)

7.9
(7.0, 8.9)

1.74
(1.53, 1.97)

4.41
(3.94, 4.94)

Asian-Indian 49 31
(63.3)

18
(36.7)

28.7 � 8.3 63.4 � 9.3 1.68 � 0.08 22.4 � 2.3 2.1 � 0.1 92.2
(90.1, 94.3)B2

12.1
(10.7, 13.8)A2,C2,B1,H2

2.75
(2.40, 3.15)A2,C2,B2,H2

3.02
(2.67, 3.41)A2,C2,B2,H2

Caucasian 292 124
(42.5)

168
(57.5)

26.0 � 7.0 65.4 � 9.6 1.71 � 0.09 22.2 � 2.1 2.3 � 0.1 89.2
(88.3, 90.0)

8.7
(8.3, .2)

1.95
(1.84, 2.05)

4.75
(4.53, 4.99)

Black 48 14
(29.2)

34
(70.8)

23.8 � 7.0 65.8 � 8.7 1.70 � 0.07 22.6 � 1.8 2.3 � 0.1 86.5
(84.2, 88.8)

8.9
(7.7, 10.2)

1.90
(1.64, 2.20)

4.46
(3.91, 5.08)

Hispanic 34 15
(44.1)

19
(55.9)

26.5 � 6.4 65.7 � 10.2 1.69 � 0.09 22.9 � 2.1 2.3 � 0.2 88.6
(86.1, 91.1)

7.5
(6.4, 8.7)

1.65
(1.41, 1.94)

5.21
(4.52, 6.00)

Superscript letters and numbers: A2, significantly different from the Eastern-Asian group (Tukey’s corrected P � 0.005); C2, significantly different from the
Caucasian group (Tukey’s corrected P � 0.005); B1, significantly different from the Black group (Tukey’s corrected P � 0.05); B2, significantly different from the
Black group (Tukey’s corrected P � 0.005); H2, significantly different from the Hispanic group (Tukey’s corrected P � 0.005).
*Data were adjusted for age and BMI.
†Data are presented as geometric means.
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men had increased basal � cell responsivity (Phib) compared
with the Caucasian men (7.98 � 2.1 for Asian-Indian men vs.
6.21 � 2.32 for Caucasian men; P � 0.04); however, this was
inadequate for their degree of insulin resistance as reflected by
a lower disposition index in the Asian-Indian men compared
with the Caucasian men (994 � 1,012 for Asian-Indian men vs.
2,517 � 2,518 for Caucasian men; P � 0.01).

Discussion
These studies demonstrate that the prevalence of insulin resis-
tance in healthy, young, lean Asian-Indian men is 3- to 4-fold
greater than lean men of other ethnic groups. Furthermore,
when adjusted for the ISI, this increased prevalence of insulin
resistance in Asian-Indian men was associated with an �2-fold
increase in HTG content and plasma IL-6 concentrations com-
pared with Caucasian men. In contrast, there were no differences
in the prevalence of insulin resistance among Asian-Indian
women compared with the other ethnic groups, suggesting a
potentially important protective role of estrogen in this process
(16, 17).

There is increasing evidence for a causal relationship between
hepatic steatosis and hepatic insulin resistance both in rodent
models with hepatic steatosis and in patients with nonalcoholic fatty
liver disease (4, 18–25). Short-term high-fat feeding in rats has been
shown to result in hepatic steatosis and hepatic insulin resistance,
which were both reversed after treatment with the mitochondrial
uncoupling agent 2,4-dinitrophenol (21). Comparable results were
observed in patients with severe lipodystrophy where chronic leptin
replacement therapy was shown to reverse their hepatic steatosis
and hepatic insulin resistance (18). In addition, rosiglitazone treat-
ment in patients with T2DM has been shown to lower HTG content
and ameliorate hepatic insulin resistance (26, 27). Finally, recent
studies have demonstrated that a relatively small weight loss (�8 kg)

in patients with poorly controlled T2DM reversed their hepatic
steatosis and normalized fasting plasma glucose concentrations,
rates of hepatic glucose production, and hepatic insulin responsive-
ness (19).

The molecular mechanism of fat-induced hepatic insulin
resistance is unclear; however, recent studies in rodents suggest
that intracellular increases in diacylglycerol activates protein
kinase C�, which activates a serine kinase cascade that in turn
blocks insulin stimulation of IRS-2 tyrosine phosphorylation, an
early step in insulin signaling (21, 22, 25).

Recent studies have also suggested that visceral adiposity
may play an important role in causing hepatic insulin resis-
tance through its release of fatty acids and adipocytokines to
the liver via the portal vein (28–31). However, we found no
differences in the circulating concentrations of adiponectin or
TNF-� between the Asian-Indian men and Caucasian men,
suggesting that these adipocytokines are not likely playing a
major role in causing the increased prevalence of insulin
resistance in the Asian-Indian men. In contrast, we did observe
an �2-fold increase in plasma IL-6 concentrations in the
Asian-Indian men that persisted even after adjustment for the
ISI. Recent studies in rodents have demonstrated that acute
infusions of IL-6 caused insulin resistance in both liver and
skeletal muscle (32). Whether this increase in plasma IL-6
concentration is playing a causative role for the increased
prevalence of insulin resistance in the Asian-Indian men or is
secondary to the hepatic steatosis and insulin resistance
remains to be determined.

We also assessed pancreatic � cell function in a subgroup of
Asian-Indian men and Caucasian men and found that there was an
�30% increase in basal � cell responsivity (Phib) in the Asian-
Indian men compared with the Caucasian men. However, this
compensatory increase in pancreatic � cell function was inadequate

Table 2. Metabolic characteristics of the men in the different ethnic groups

Subjects n
Age,
years

Weight,
kg Height, m

BMI,
kg�m2

Fasting
glucose,*

mg�dl

Fasting
insulin,*†

microunits�ml HOMA*†

ISI,*†, 10–4

dl�min per
microunits�ml

Eastern-Asian 20 27.2 � 7.2 67.6 � 8.5 1.73 � 0.07 22.5 � 2.1 91.3
(88.1, 94.5)

7.7
(6.4, 9.4)

1.69
(1.38, 2.07)

4.49
(3.74, 5.39)

Asian-Indian 31 30.0 � 8.7 67.8 � 7.3 1.72 � 0.06 22.8 � 2.2 97.2
(94.6, 99.8)C,B2

14.0
(12.0, 16.4)A,C,B1,H

3.29
(2.78, 3.89)A,C,B2,H

2.38
(2.05, 2.76)A,C,B2,H

Caucasian 124 26.2 � 7.2 72.1 � 8.5 1.79 � 0.07 22.5 � 2.2 91.0
(89.7, 92.3)

8.6
(7.9, 9.2)

1.94
(1.79, 2.11)

4.76
(4.43, 5.13)

Black 14 23.9 � 7.0 72.8 � 6.1 1.76 � 0.05 23.5 � 1.5 87.8
(83.9, 91.7)

8.5
(6.7, 10.7)

1.83
(1.43, 2.33)

4.86
(3.90, 6.05)

Hispanic 15 27.6 � 7.9 71.9 � 6.7 1.75 � 0.05 23.4 � 1.9 91.1
(87.3, 94.8)

7.1
(5.7, 8.9)

1.61
(1.27, 2.03)

5.45
(4.41, 6.74)

Superscript letters and numbers: A, significantly different from the Eastern-Asian group (Tukey’s corrected P � 0.005); C, significantly different from the
Caucasian group (Tukey’s corrected P � 0.005); B1, significantly different from the Black group (Tukey’s corrected P � 0.05); B2, significantly different from the
Black group (Tukey’s corrected P � 0.005); H, significantly different from the Hispanic group (Tukey’s corrected P � 0.005).
*Data were adjusted for age and BMI.
†Data are presented as geometric means.

Table 3. Metabolic characteristics of the women in the different ethnic groups

Subjects n
Age,
years

Weight,
kg Height, m

BMI,
kg�m2

Fasting
glucose,*

mg�dl

Fasting
insulin,*†

microunits�ml HOMA*†

ISI,*†, 10–4

dl�min per
microunits�ml

Eastern-Asian 39 25.8 � 6.7 55.5 � 7.5 1.63 � 0.07 20.9 � 2.1 89.4 (87.1, 91.8) 8.0 (6.9, 9.2) 1.79 (1.54, 2.08) 4.33 (3.79, 4.95)
Asian-Indian 18 26.4 � 7.1 55.7 � 7.3 1.60 � 0.05 21.7 � 2.4 87.2 (83.8, 90.6) 10.5 (8.6, 12.9) 2.30 (1.85, 2.86) 3.84 (3.17, 4.66)
Caucasian 168 25.8 � 6.8 60.6 � 7.2 1.66 � 0.06 22.0 � 2.0 87.3 (86.2, 88.4) 8.9 (8.4, 9.6) 1.95 (1.82, 2.09) 4.74 (4.45, 5.05)
Black 34 23.7 � 7.6 62.9 � 8.0 1.68 � 0.07 22.3 � 1.9 85.2 (82.7, 87.6) 9.3 (8.0, 10.8) 1.97 (1.69, 2.31) 4.09 (3.56, 4.71)
Hispanic 19 25.7 � 5.0 60.8 � 9.9 1.64 � 0.08 22.5 � 2.2 86.1 (82.8, 89.4) 7.8 (6.4, 9.6) 1.70 (1.38, 2.10) 4.97 (4.12, 6.00)

*Data were adjusted for age and BMI.
†Data are presented as geometric means.
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for their degree of insulin resistance as reflected by a 60% reduction
in the disposition index in the Asian-Indian men.

In summary, the results of this study indicate that the preva-
lence of insulin resistance is 3- to 4-fold higher in young, lean,
healthy Asian-Indian men compared with men in other ethnic
groups. This increase prevalence in insulin resistance in the
Asian-Indian men was associated with increased HTG content
and plasma IL-6 concentrations. These data suggest that Asian-
Indian men may be genetically predisposed to develop hepatic
steatosis and hepatic insulin resistance at a lower BMI than other
ethnic groups. Furthermore, increased prevalence of non-
alcoholic fatty liver disease in the Asian-Indian men has impor-
tant implications for future health risks in these individuals
because this condition is associated with steatohepatitis, which
may progress to cirrhosis and end-stage liver disease. Finally,
these data suggest that there are significant ethnic differences in
the pathogenesis of insulin resistance between Asian-Indian men
and Caucasian men, which may have important therapeutic
implications for prevention and treatment of T2DM in this
ethnic group and possibly explain the lower efficacy of lifestyle
intervention in the Indian diabetes prevention study compared
with the U.S. and Finnish diabetes prevention studies (33–35).

Experimental Procedures
The protocol was approved by the Yale University Human
Investigation Committee, and written consent was obtained from
each subject after the purpose, nature, and potential complica-
tions of the studies were explained. The studies were conducted
according to the principles expressed in the Declaration of
Helsinki.

Subjects. Young, healthy, lean, nonsmoking, sedentary volun-
teers were sequentially recruited from the New Haven commu-
nity by local advertisement from 1998 to 2006. From this
recruitment, we sequentially studied 482 subjects: Caucasian
(n � 292), Asian (Chinese and Japanese) (n � 59), Asian-Indian
(n � 49), Black (non-Hispanic) (n � 48), and Hispanic (n � 34)
individuals (Table 1).

Dietary Records. Each participant answered a questionnaire about
his or her usual daily intake of food and snacks, any changes with
seasons, and changes in body weight and eating habits over the
past 12 months. The participants were also asked to describe the
food and snacks consumed the day before the visit. All subjects
had low (�30 g�day in men and �20 g�day in women) or no
alcohol consumption. Each dietary questionnaire was evaluated
by the dietician, who calculated intake of total amount of calories
and the composition of the diet of each participant.

HOMA and ISI. Whole-body insulin sensitivity was assessed in all
subjects with a 2-h, 75-g OGTT in combination with the HOMA
and the ISI. Thirty minutes after insertion of an antecubital i.v.
line, fasting blood samples were collected for determination of

plasma glucose, insulin, fatty acid, leptin, adiponectin, IL-6, and
TNF-� concentrations. The dextrose drink (Glucola; Curtin
Matheson Scientific, Houston, TX) was administered, and blood
samples were collected at 10, 20, 30, 60, 90, and 120 min for
determination of plasma glucose and insulin concentrations. ISI
(10–4 dl�min per microunit�ml) was estimated from plasma
glucose and insulin concentrations measured during the OGTT
by using the oral glucose minimal model (15, 36). This ISI
measures overall effects of insulin to stimulate glucose disposal
and inhibit glucose production.

� Cell Responsiveness. An index of � cell responsiveness [Phib
(10�9 min�1)] was estimated from plasma glucose and C-peptide
concentrations measured during the OGTT by using the oral
C-peptide minimal model (37). To determine whether � cell
function was appropriate for the degree of insulin resistance, the
overall � cell responsiveness was expressed in relation to insulin
sensitivity through the disposition index (15).

Proton MRS of Intramyocellular Triglyceride and HTG Content. To
examine whether alterations in the amount of intramyocellular
and hepatic lipid content might be responsible for the increased
prevalence of insulin resistance in the Asian-Indian men we
assessed these parameters in a subgroup of Asian-Indian and
Caucasian subjects by proton MRS. Localized proton MRS
spectra of the soleus muscle were acquired on a 2.1 Biospec
system by using a STEAM sequence or on a 4 T Biospec system
by using a PRESS sequence (both from Bruker Instruments,
Billerica, MA), in conjunction with a 1H-quadrature probe with
twin 13-cm coils as described (11).

Localized proton MRS spectra of the liver at 2.1 T were obtained
by using a 12- � 14-cm butterfly proton observation coil placed
rigidly over the lateral aspect of the abdomen or on the 4 T system
by using a STEAM sequence with respiratory gating and outer
volume suppression as described (11).

Physical Activity Monitoring. Physical activity (during work, leisure
activities, and exercise) was assessed by a questionnaire defining
a sedentary lifestyle by an exercise index of �2.8 (38).

Analytical Methods. Plasma glucose concentrations were mea-
sured by using an YSI STAT 2700 Analyzer (Yellow Springs
Instruments, Yellow Springs, CA). Plasma concentrations of
insulin, leptin, and adiponectin were measured by using double-
antibody RIA kits in samples obtained after an overnight fast
(Linco, St. Louis, MO). The RIA for leptin did not cross-react
with human proinsulin, insulin, or glucagon. Plasma concentra-
tions of IL-6 and TNF-� were measured by Quantine High
Sensitivity kits (R & D Systems, Minneapolis, MN). Plasma fatty
acid and triglyceride concentrations were determined by using a
microfluorimetric method (39).

Calculations. Insulin sensitivity was calculated by the HOMA
proposed by Matthews et al. (40). HOMA is based on the

Table 4. Plasma fatty acid, adipocytokine concentrations, and tissue lipid content in Caucasian and Asian-Indian men

Plasma metabolite
concentrations and
tissue lipid content n Asian-Indian Caucasian P value

Adjusted
Asian-Indian

Adjusted
Caucasian

Adjusted
P value

Fatty acids, mmol�liter 15�87 0.43 (0.33, 0.56) 0.39 (0.36, 0.42) 0.41 0.39 (0.31, 0.48) 0.39 (0.36, 0.42) 0.96
Adiponectin, �g�ml 27�120 6.2 (5.0, 7.6) 8.0 (7.3, 8.9) 0.02 6.9 (5.5, 8.7) 7.9 (7.2, 8.7) 0.28
IL-6, pg�ml 22�107 1.60 (1.16, 2.21) 0.78 (0.67, 0.91) �0.001 1.48 (1.05, 2.10) 0.79 (0.68, 0.91) 0.001
TNF-�, pg�ml 15�82 1.29 (1.02, 1.62) 1.13 (1.02, 1.25) 0.32 1.28 (1.00, 1.64) 1.13 (1.02, 1.25) 0.35
Leptin, ng�ml 21�119 4.7 (3.6, 6.1) 2.4 (2.2, 2.7) �0.001 3.6 (2.8, 4.7) 2.5 (2.2, 2.8) 0.01
Liver triglyceride, % 23�73 1.94 (1.31, 2.89) 0.75 (0.60, 0.93) �0.001 1.54 (1.00, 2.38) 0.77 (0.62, 0.96) 0.007
IMCL, % 24�99 1.03 (0.86, 1.24) 0.74 (0.68, 0.81) 0.001 0.90 (0.74, 1.09) 0.76 (0.69, 0.83) 0.12

All comparisons were made with adjustment for BMI and age. Adjusted values show comparisons further adjusted for ISI. IMCL, intramyocellular lipid.
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assumption that normal-weight healthy subjects aged �35 years
have an IR of 1 and � cell function of 100%. HOMA calculates
IR and � cell function from fasting glucose (mmol�liter) and
insulin (microunits�ml) concentrations: HOMA, IR � (FPG �
FPI)�(22.5 � 18), where IR is the calculated IR, FPG is fasting
plasma glucose concentration, and FPI is fasting plasma insulin
concentration. The higher the value, the more resistant an
individual is to insulin.

The ISI was calculated from the plasma glucose and insulin
concentrations before and during the OGTT by using the
following formula: ISI � 10,000��(FPG � FPI) � (G � I),
where FPG is the fasting plasma glucose concentration, FPI
the fasting plasma insulin concentration, G is the average
plasma glucose concentration during OGTT (t � 10–120 min),
and I is the average plasma insulin concentration during
OGTT (t � 10–120 min) (11, 41). The ISI represents the
composite whole-body insulin sensitivity, ref lecting both he-
patic and peripheral tissue insulin sensitivity. The higher the
ISI, the more sensitive an individual is to insulin. IR was
defined by an ISI in the lowest tertile of the entire population
(all ethnic groups combined).

Statistical Analysis. Statistical analyses were performed by using
SAS 9.1 (SAS, Cary, NC). The distributions of HOMA and ISI
were projected by weighting our sample data by the U.S.
population proportions of our racial�ethnic groups: Caucasian �
0.691, Asian � 0.011, Black � 0.121, Hispanic � 0.060, Asian-
Indian � 0.006 (U.S. Census Bureau 2000, www.census.gov).

Where appropriate, positively skewed variables were log-

transformed (fasting insulin concentrations, ISI, HOMA, fatty
acid, adiponectin, IL-6, TNF-�, leptin, liver triglyceride, and
IMCL content). Differences across racial groups were evalu-
ated by analysis of covariance with adjustment for BMI and age
with pairwise comparisons corrected by Tukey’s HSD test. In
these models, BMI and age were included as continuous
covariates. After we observed that gender significantly mod-
ified the effect of race on insulin sensitivity (P � 0.001), we
chose to stratify our analysis by gender. For some variables
(adiponectin, IL-6, fatty acid, TNF-�, leptin, liver triglyceride,
and IMCL content), results are restricted to Caucasian and
Asian-Indian groups because data were available only for
subsets of these groups. To evaluate whether the differences
observed between the Caucasian and Asian-Indian groups
were ref lected by differences in insulin sensitivity, we further
adjusted analyses for ISI. Unless otherwise stated, data are
expressed as means or geometric means with 95% confidence
intervals.
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