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Genetic susceptibility may be responsible for high prevalence
of insulin resistance in Asian Indians. This study was carried
out in samples of local Asian Indians and Caucasians to de-
termine whether plasma cell membrane glycoprotein (PC)-1
K121Q and insulin receptor substrate-1 (IRS-1) G972A poly-
morphisms contribute significantly to susceptibility to insu-
lin resistance in Asian Indians. The frequency of carrying at
least one copy of the PC-1 121Q variant in Asian Indians was
significantly higher than that in Caucasians (P � 0.01), but the
frequency was similar for IRS-1 972A (6% and 7%). A signifi-
cantly higher insulin area under the curve during oral glucose
tolerance testing (P < 0.0001) and lower insulin sensitivity
during hyperinsulinemic-euglycemic clamps (P � 0.04) were

found in Asian Indians with PC-1 121Q variant compared with
Asian Indians with wild-type PC-1 and with Caucasians with
or without the polymorphism. IRS-1 972A was not associated
with any change in insulin sensitivity. We conclude that the
PC-1 K121Q polymorphism associates with primary insulin
resistance in migrant Asian Indians. A relatively high fre-
quency of this polymorphism thus may be one factor contrib-
uting to insulin resistance susceptibility in Asian Indians.
This finding indicates the need for expanded studies on the
association between PC-1 K121Q and insulin resistance in a
representative sample of the Asian Indian population. (J Clin
Endocrinol Metab 88: 5927–5934, 2003)

INSULIN RESISTANCE IS a major component of the met-
abolic syndrome and is a risk factor for both type 2

diabetes and coronary heart disease (CHD) (1–10). Obesity,
particularly truncal obesity, is strongly associated with in-
sulin resistance (11, 12). The rising prevalence of obesity
worldwide and obesity-related insulin resistance are largely
responsible for the increasing incidence of type 2 diabetes as
well as the metabolic syndrome, a cardiovascular risk factor.
However, many studies show that there is a strong genetic
component to insulin resistance. Some populations, such as
those of South Asia, e.g. Asian Indians, seemingly have a high
susceptibility to insulin resistance (13–15), type 2 diabetes
(16–19), and cardiovascular disease (20–24). A small increase
in body fat content translates into a significant increase in risk
for diabetes and possibly cardiovascular disease in this sus-
ceptible population.

One potential mechanism for insulin resistance may be
genetic defects that impair the insulin-signaling pathway.
Several candidate genes for defects in insulin signaling have
been postulated, and a few studies report positive associa-
tions between polymorphisms of genes in the insulin-
signaling pathway and insulin resistance (25). Two of the
latter are insulin receptor substrate-1 (IRS-1) G972A (26–29)
and plasma cell membrane glycoprotein (PC-1) K121Q (30–
39). The present study was carried out to determine whether
these two polymorphisms contribute to the ethnic suscepti-

bility to insulin resistance of Asian Indians. To accomplish
this goal we assessed the frequency of IRS-1 G972A and PC-1
K121Q in Asian Indians and Caucasians. In addition, insulin
responsiveness to an oral glucose load and glucose disposal
rates during euglycemic hyperinsulinemia (insulin sensitiv-
ity index) were measured in subjects with IRS-1 G972A and
PC-1 K121Q vs. wild-type in these two populations.

Subjects and Methods
Subjects and study protocol

To determine whether the frequencies of the two candidate genetic
polymorphisms were different in the two ethnic groups, we first re-
cruited Asian Indians and Caucasians by public advertisement and
offering free screening for cardiovascular risk factors at University of
Texas Southwestern Lipid and Heart Disease Risk Management Clinic
(Dallas, TX). Informed consent was obtained from all participants. The
study was approved by the institutional review board at University of
Texas Southwestern Medical Center (Dallas, TX). Each of these partic-
ipants was administered a health questionnaire. Personal and family
history of coronary artery disease included any history of angina, myo-
cardial infarction, and bypass surgery. Height and weight were mea-
sured by standard procedures. Blood pressure was measured after about
5 min of rest in the sitting position, using an automated sphygmoma-
nometer. A blood sample was then drawn from each participant and
immediately refrigerated. After separation of plasma and serum, ali-
quots were frozen at �80 C. Blood samples were collected for biochem-
istries and genetic studies. To further evaluate the impact of the studied
mutations on insulin resistance, we invited the volunteers to participate
in the second part of the study, which included more detailed anthro-
pometric measurements (skinfolds, waist and hip circumferences, and
underwater weighing) and an oral glucose tolerance test (OGTT). To
further explore the role of genetics on insulin resistance, we invited
young individuals (�40 yr of age) to have hyperinsulinemic-euglycemic
clamps as well.

A total of 1376 subjects volunteered for the first part of the study. Of
those, 638 originated from the Asian Indian subcontinent (India, Paki-
stan, and Bangladesh), and 738 subjects were of European ancestry. The

Abbreviations: AUC, Area under the curve; CHD, coronary heart
disease; GCRC, General Clinical Research Center; HDL, high density
lipoprotein; IRS, insulin receptor substrate; LDL, low density lipopro-
tein; OGTT, oral glucose tolerance test; PC-1, plasma cell membrane
glycoprotein; Rd, rate of glucose disposal; VLDL, very low density
lipoprotein.
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Asian Indian group included both subjects who had recently immigrated
to U.S. and those who were born in U.S. In Table 1 the general char-
acteristics of Asian Indians and Caucasians are compared. The 2 ethnic
groups had similar ratios of male to female participants, but the per-
centage of menopausal women was lower in the Asian Indian group,
probably as a reflection of their younger age. Despite lower average age
and body mass index, systolic blood pressure, diastolic blood pressure,
and fasting plasma insulin concentrations were significantly higher in
the Asian Indians compared with the Caucasians. Plasma concentrations
of total cholesterol and low (LDL) and high (HDL) density lipoprotein
cholesterol were significantly lower in the Asian Indians, whereas
plasma triglycerides concentrations were higher. Personal and family
histories in the 2 ethnic groups are compared in Table 2. The Asian
Indians had twice the prevalence of personal history for diabetes mel-
litus as the Caucasians (P � 0.01). The family history of coronary artery
disease was significantly lower in the Asian Indians (P � 0.0001). The
data on family history were obtained by each subject’s recall. It is unclear
why a lower frequency of coronary artery disease was detected in the
Asian Indians despite higher family history of diabetes mellitus. A
similar frequency of smoking and the remainder of personal and family
history were reported in the 2 ethnic groups.

Subjects with diabetes mellitus or other endocrine disorders, coro-
nary artery disease, renal insufficiency, or liver test abnormalities and
those receiving any form of therapy were excluded from the metabolic
studies. All volunteers were weight stable before entering the body
composition and metabolic studies. A group of 158 Asian Indians and
152 Caucasians volunteered for the body composition and OGTT stud-
ies. A group of 23 Asian Indians and 28 Caucasians also volunteered for
hyperinsulinemic-euglycemic clamps. Those who had OGTT and body
composition studies were admitted for 1 d to the General Clinical Re-
search Center (GCRC) of University of Texas. Those who also volun-
teered for the clamp studies were admitted for 4 d to the GCRC and were
provided with an isocaloric diet (calculated from height, weight, and
age; containing 30% of calories from fat, 55% from carbohydrate, 15%
from protein, and 300 mg cholesterol) as out-patients for 3 d. They were
then admitted to the in-patient unit of the GCRC and had a hyperin-
sulinemic-euglycemic clamp study on the morning of d 4.

Body composition studies

All participants in the OGTT and clamp studies had anthropometric
measurements made during admission at the GCRC. Waist and hip
circumferences were measured, using a flexible measuring tape with a
tension caliper at the extremity (Gulick-creative Health Product, Inc.,
Plymouth, MI), midway between xyphoid and umbilicus during the
midexpiratory phase, and at the maximum circumference in the hip area,
respectively. Skin folds thickness was measured at nine different ana-
tomical sites (subscapular diagonal and vertical, chest, midaxillary, ab-
dominal horizontal and vertical, suprailiac diagonal and vertical, triceps,
biceps, thigh, and calf) using a Lange skinfold caliper (Cambridge Sci-
entific Instruments, Inc., Cambridge, MD), as previously reported (12).
Body density was calculated from measurements of body volume de-
termined by hydrostatic weighing, with adjustment for residual volume

measured by helium dilution during the underwater weighing. Percent
body fat was calculated using the Siri equation (40), assuming a fat-free
density of 1.10 g/cc for men and 1.097 g/cc for women.

Glucose tolerance testing

A standard oral glucose tolerance test with 75 g glucose (Tru-Glu100,
Fisher Scientific, Pittsburgh, PA) was conducted after 12-h overnight
fasting. An iv catheter was placed in a forearm vein, and blood was
collected for determination of glucose and insulin concentrations before
glucose administration and at 30-min intervals thereafter for 180 min.

Hyperinsulinemic-euglycemic clamps

On the morning of study d 4, breakfast was withheld, and the eu-
glycemic-hyperinsulinemic clamp procedure was performed after an
overnight fast. Two polyethylene catheters were placed under local
anesthesia. One catheter was placed in a dorsal hand vein for blood
sampling, and the hand was kept in a heated box at 70 C for arterial-
ization of venous blood. At 0800 h, a primed-continuous infusion of
regular insulin (Humulin, Squibb-Novo, Princeton, NJ) was started at a
rate of 80 mU/m2 (body surface area)�min and continued for 2 h. The
insulin infusion rate of 80 mU/m2�min is expected to assure complete
suppression of hepatic glucose output during the hyperinsulinemic
phase of study. A 20% glucose infusion was started after 4 min of insulin
infusion at a rate calculated to maintain the plasma glucose concentra-
tion at the fasting level throughout the clamp procedure, according to
the method described by DeFronzo et al. (41). Blood for plasma glucose
concentration measurements was drawn every 5 min for the entire
duration of the study. Blood for the determination of insulin levels was

TABLE 1. General characteristics of the two ethnic study groups

Asian Indians Caucasians P value

Number (male/female) 638 (377/261) 738 (347/391)
Age (yr) 41 � 14 45 � 15 �0.0001
Postmenopausal status (% of women) 15 26 0.001
BMI (kg/m2) 24.5 � 4.1 25.3 � 6.5 0.008
Systolic blood pressure (mm Hg) 127 � 19 120 � 16 �0.0001
Diastolic blood pressure (mm Hg) 80 � 12 74 � 11 �0.0001
Glucose (mg/dl) 91 � 31 90 � 19 0.7
Insulin (�U/ml) 16 � 25 10 � 11 �0.0001
Total cholesterol (mg/dl) 181 � 37 187 � 42 0.02
LDL cholesterol (mg/dl) 110 � 31 115 � 37 0.007
HDL cholesterol (mg/dl) 45 � 12 47 � 15 0.03
Triglycerides (mg/dl) 154 � 118 139 � 122 0.0003

Results are expressed as the mean � SD, unless otherwise specified. P values were determined using the Mann-Whitney U test for comparison
of means and using the Fisher’s exact test for comparison of frequency. Systeme International conversion factors are: 0.0555 mmol/liter for
glucose, 0.6945 pmol/liter for insulin, 0.0259 mmol/liter for cholesterol, and 0.0113 mmol/liter for triglycerides.

TABLE 2. General characteristics of the two ethnic study groups:
personal history and family history

Asian Indians Caucasians P value

Personal history
Diabetes mellitus (%) 6 3 0.01
Coronary artery disease (%) 6 7 0.4
Stroke (%) 0.5 0.5 1
Hypertension (%) 11 11 0.9
Hyperlipidemia (%) 11 14 0.07
Smoking (%) 5 7 0.1

Family history
Diabetes mellitus (%) 41 25 �0.0001
Coronary artery disease (%) 27 38 �0.0001
Stroke (%) 16 19 0.1
Hypertension (%) 36 33 0.2
Hyperlipidemia (%) 17 21 0.07

Data are expressed as the percentage of subjects who reported
positive history within the same ethnic group. P values were deter-
mined using Fisher’s exact test.
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drawn every 10 min from �30 to 0 min (baseline phase) and from 80–120
min (hyperinsulinemic phase, after 80 min of equilibration time).

The rate of glucose infusion was calculated based on glucose con-
centration obtained at various times during the clamp study. The rate
of glucose disposal (Rd) was calculated by subtracting the urinary glu-
cose excretion from the rate of glucose appearance and using space
correction. The Rd data were computed in milligrams per minute per
kilogram of lean body mass. To account for differences in plasma insulin
levels during hyperinsulinemia, the insulin sensitivity index was ob-
tained for the study groups by dividing Rd by plasma insulin concen-
trations in milliunits per milliliter � 100.

Biochemistries

Cholesterol and triglycerides were measured with enzymatic meth-
ods. Very low density lipoprotein (VLDL; density, �1.006 g/ml) was
removed by preparative ultracentrifugation, and cholesterol was mea-
sured in the VLDL fraction and infranatant. HDL cholesterol was
determined in the supernatant after precipitating apolipoprotein B-
containing lipoproteins using heparin-manganese chloride. LDL cho-
lesterol was calculated as the difference between the cholesterol content
of the 1.006 g/ml infranatant and HDL cholesterol. Insulin was mea-
sured by RIA at Linco Research, Inc. (St. Charles, MO).

DNA amplification by PCR

Fasting blood samples were drawn into a 10-ml vacuum tube con-
taining EDTA. Plasma was separated by centrifugation and stored at 4
C until analysis. Genomic DNA was isolated from whole blood using
commercial DNA isolation kits from Qiagen (Chatsworth, CA). The
genomic DNA of each subject was amplified in a final volume of 10 �l
containing 50 mm KCl, 10 mm Tris (pH 8.3), 1.5 mm MgCl2, 75 ng of each
primer, 100 �m deoxy-NTP, and 1 U Taq polymerase.

Assay of PC-1 and IRS-1 polymorphisms

PC-1 and IRS-1 polymorphisms were detected by PCR-restriction
fragment length polymorphism analysis. The PC-1 K121Q polymor-
phism creates an AvaII restriction site (5�-GGACC-3�). To assay this
polymorphism, a 238-bp fragment encompassing the region of interest
was amplified by PCR using oligonucleotides 5�-CTGTGTTCACTTTG-
GACATGTTG-3� and 5�-GACGTTGGAAGATACCAGGTTG-3�. The
PCR-amplified DNA fragment was digested by adding 10 U AvaII re-
striction enzyme in 30 �l buffer 4 (New England BioLabs, Inc., Beverly,
MA) to the PCR product, and then it was run on a 2% agarose gel. The
K alleles are displayed as a single uncut band of 238 bp, whereas the Q
alleles are shown as a doublet of 148- and 90-bp bands. The IRS-1 G972A
polymorphism creates an SmaI restriction site (5�-CCCGGG-3�). To assay
the IRS-1 G972 polymorphism, a 200-bp fragment was PCR-amplified
using the primers 5�-CTTTCCACAGCTCACCTTCTGTCA-3� and 5�-
CCGGGTAGGCCTGCAAATGCTAGC-3�. Digestion was obtained by
adding 10 U SmaI in 30 �l buffer 4 (New England Biolabs, Inc.) to the
PCR product. The digestion products were then run on a 2% agarose gel.

Statistical analysis

Continuous demographic variables were compared between Asian
Indians and Caucasians using the Mann-Whitney U test. The frequencies
of mutations and of personal or family history variables were compared
between ethnic groups using Fisher’s exact test. Two-way ANOVA
models were used to assess the effects of ethnicity, polymorphisms, and
the interaction between ethnic group and polymorphisms. Multiple
comparisons of these group means were made with the least squares
contrasts of the ANOVA models. Due to skewness, triglycerides were
log-transformed before analysis. Statistical analysis was performed us-
ing SAS version 8.02 (SAS Institute, Inc., Cary, NC).

Results
Polymorphism frequency

Thirty-three percent of Asian Indians had at least one copy
of PC-1 121Q; the frequency in Caucasians was significantly
less at 27% (Fig. 1). The prevalence of carrying at least one
copy of IRS-1 972A was much lower (6% in Asian Indians and
7% in Caucasians). There were 3% of Asian Indians and 2%
of Caucasians with homozygosity of the PC-1 121 Q poly-
morphism. The allele frequency of PC-1 121Q was 14.3% in
the Caucasian group and 17.9% in the Asian Indian group (by
�2, P � 0.01). The results are in Hardy-Weinberg equilibrium.
Individuals homozygous and heterozygous for PC-1 121Q
were grouped together for analysis and identified as a study
subgroup carrying the PC-1 121Q variant. Similarly, indi-
viduals homozygous and heterozygous for IRS-1 972A were
grouped together for analysis.

OGTT

A total of 158 Asian Indians and 152 Caucasians under-
went OGTT (Tables 3 and 4). Although the 2 groups were of
similar age and body mass index, Asian Indians generally
had a higher thickness of truncal skin folds than Caucasians.
Systolic blood pressure tended to be lower in Asian Indians.
Figure 2 depicts the changes in plasma glucose and plasma
insulin concentrations during OGTT and the overall glucose
and insulin area under the curve (AUC) during the OGTT.
Plasma glucose concentrations and glucose AUC were sim-
ilar during the OGTT for the 4 subgroups. The plasma insulin
AUC was higher for the Asian Indians as a group than for
Caucasians. However, the most striking difference was
present in Asian Indians with PC-1 121Q variant. In this

FIG. 1. Frequency of PC-1 121Q and IRS-1 972A
variants in Asian Indians and Caucasians.
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subgroup, the insulin AUC was strikingly higher than in
the subjects with wild-type PC-1. In contrast, although
statistically different, the insulin AUC was only margin-
ally higher in Asian Indians with wild-type PC-1 than in
Caucasians. Of interest, no difference was found between
Caucasians subgroups with the PC-1 121Q variant and
PC-1 wild-type. The IRS-1 polymorphism was not asso-
ciated with any difference in either glucose AUC or insulin
AUC during the OGTT among any of the study subgroups
(data not shown).

Hyperinsulinemic-euglycemic clamp studies

Clamp studies were carried out in 23 Asian Indians, in-
cluding 15 men and 3 women with wild-type PC-1 and 5 men
with the 121Q variant. Plasma glucose levels were compa-
rable between the 2 subgroups both at baseline [88 � 4 mg/dl
(4.9 � 0.2 mmol/liter) and 88 � 11 mg/dl (4.9 � 0.06 mmol/
liter), respectively] and during hyperinsulinemia [88 � 4
mg/dl (4.9 � 0.2 mmol/liter) and 86 � 4 mg/dl (4.8 � 0.2
mmol/liter), respectively]. On the other hand, baseline in-
sulin and insulin concentrations during the last 40 min of the
clamps were significantly higher in Asian Indians carrying
the PC-1 121Q variant [200 � 34 �U/ml (1389 � 236 pmol/
liter)] compared with those in Asian Indians with the wild-
type PC-1 [167 � 21 �U/ml (1160 � 146 pmol/liter)]. There
were no differences among any of the parameters listed in

Tables 3 and 4 for the 2 subgroups selected for glucose clamp
studies (data not shown). In those subjects with PC-1 121Q,
insulin sensitivity was significantly reduced compared with
that in subjects with wild-type PC-1 (Fig. 3).

Identical studies were performed in 28 Caucasians, in-
cluding 19 subjects with wild-type PC-1 (10 males and 9
females) and 9 others with the 121Q variant (6 males and 3
females). During the hyperinsulinemic-euglycemic clamp,
the levels of glucose were comparable in these 2 subgroups
at baseline [86 � 5 mg/dl (4.8 � 0.3 mmol/liter) and 87 �
7 mg/dl (4.8 � 0.4 mmol/liter), respectively] and during
hyperinsulinemia [88 � 4 mg/dl (4.9 � 0.2 mmol/liter) and
86 � 4 mg/dl (4.8 � 0.2 mmol/liter), respectively]. On the
other hand, baseline insulin and insulin concentrations dur-
ing the last 40 min of the clamps were similar in the Cau-
casians with wild-type PC-1 [172 � 30 �U/ml (1195 � 208
pmol/liter)] and Caucasians with PC-1 121Q [177 � 22
�U/ml (1229 � 153pmol/liter)]. No differences were ob-
served between these 2 subgroups in any of the measure-
ments listed in Tables 3 and 4. Moreover, the difference in
insulin sensitivity index was not statistically significant be-
tween the 2 subgroups (Fig. 3), nor was the insulin sensitivity
index for Asian Indians with wild-type PC-1 different from
that for the Caucasian subgroups. Finally, the IRS-1 poly-
morphism was not associated with any difference in insulin
sensitivity index among the study subgroups (data not shown).

TABLE 3. General characteristics of Asian Indians and Caucasians who underwent OGTT

Asian Indians Caucasians

Wild-type PC 1 PC-1 121Q carriers Wild-type PC 1 PC-1 121Q carriers

No. (male/female) 110 (73/37) 48 (30/18) 108 (42/66) 44 (21/23)
Age (yr) 33 � 11 33 � 11a 30 � 8 27 � 7b

Postmenopausal status (% of women) 8 6 6 9
BMI (kg/m2) 24.3 � 4.0 24.3 � 3.1 25.5 � 5.5 24.5 � 4.8
Systolic blood pressure (mm Hg) 112 � 13 110 � 14a 114 � 13 118 � 11b

Diastolic blood pressure (mm Hg) 70 � 11 69 � 9 69 � 10 70 � 10
Total cholesterol (mg/dl) 165 � 35 159 � 30 165 � 36 163 � 39
LDL cholesterol (mg/dl) 103 � 32 98 � 26 97 � 30 95 � 38
HDL cholesterol (mg/dl) 42 � 11c 42 � 12a 50 � 14d 50 � 13b

Triglycerides (mg/dl) 107 � 81 111 � 62 101 � 88 94 � 55

Results are expressed as the mean � SD unless otherwise specified. P values were determined using ANOVA for multiple comparisons of
means and using the Fisher’s exact test for comparison of frequency. Systeme International conversion factors are: 0.0259 mmol/liter for
cholesterol and 0.0113 mmol/liter for triglycerides.

a P � 0.05 for mean difference vs. the group of Caucasians with PC-121Q variant.
b P � 0.05 for mean difference vs. the group of Asian Indians with PC-1 121Q variant.
c P � 0.05 for mean difference vs. the group of Caucasians with wild-type PC 1.
d P � 0.05 for mean difference vs. the group of Asian Indians with wild-type PC 1.

TABLE 4. Body composition and fat distribution Asian Indians and Caucasians who underwent OGTTs

Asian Indians Caucasians

Wild-type PC 1 PC-1 121Q carriers Wild-type PC 1 PC-1 121Q carriers

Body fat (% of total body weight) 26.1 � 8.4 28.0 � 7.0 27.3 � 9.7 26.7 � 8.7
Waist circumference (cm) 83 � 1 82 � 10 83 � 13 83 � 15
Hip circumference (cm) 94 � 10a 94 � 8 99 � 11b 98 � 11
Truncal skinfold thickness (cm) 123 � 44 133 � 42c 114 � 46 105 � 45d

Peripheral skinfold thickness (cm) 69 � 32 73 � 36 79 � 37 71 � 29

Results are expressed as the mean � SD unless otherwise specified. P values were determined using ANOVA for multiple comparisons of
means.

a P � 0.05 for mean difference vs. the group of Caucasians with wild-type PC 1.
b P � 0.05 for mean difference vs. the group of Asian Indians with wild-type PC 1.
c P � 0.05 for mean difference vs. the group of Caucasians with PC-1 121Q variant.
d P � 0.05 for mean difference vs. the group of Asian Indians with PC-1 121Q variant.
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Discussion

The major finding of this study is that the presence of a
common genetic polymorphism of PC-1, the 121Q variant, is
strongly associated with primary insulin resistance among
migrant Asian Indians. This association was demonstrated
by two independent methods on separate occasions: the in-
sulin response to OGTT and the glucose disposal rate during
hyperinsulinemic clamp. This finding accords with reports of
a positive association between PC-1 121Q variant and insulin
resistance in both southern and northern European popula-
tions (30, 31, 42, 43). Maddux et al. (32, 33) previously sug-
gested that membrane glycoprotein PC-1 has an important
modulating effect on cellular insulin signaling. Overexpres-
sion of membrane-bound PC-1 has been shown to inhibit
insulin receptor tyrosine kinase activity in cell cultures (32,
34). Furthermore, the PC-1 content has been reported to be
increased in skeletal muscle cells, adipocytes, and fibroblasts
of insulin-resistant subjects (35–37). Although the specific

mechanisms involved in the effects of the PC-1 K121Q poly-
morphism on insulin signaling is largely unknown, Costanzo
et al. (38) showed that the presence of PC-1 K121Q is asso-
ciated with a stronger inhibitory effect on insulin receptor
than is wild-type PC-1. Decreased activation of tyrosine
phosphorylation then results in reduced signaling for glu-
cose transport and utilization in skeletal muscle cells and
adipocytes (35, 36, 39).

If the PC-1 121Q allele associates with insulin resistance
and confers increased risk for type 2 diabetes, it is of im-
portance to determine the frequency of this polymorphism in
various populations and the associated risk for type 2 dia-
betes. Previous studies in Caucasian subjects revealed a vari-
able allele frequency in different populations. The lowest
prevalences (9.8% and 10.5%) were reported in two unrelated
nondiabetic Finnish groups by Kubszek et al. (43). Another
study that included Finnish and Swedish subjects (42) re-
ported a PC-1 121Q allele frequency of 13.8%, very similar to

FIG. 2. Plasma glucose and insulin concentrations during the OGTT. P values were determined using ANOVA for multiple comparisons of
means. *, P � 0.0001 for mean difference between Asian Indians with wild-type PC 1 and Asian Indians with the PC-1 121Q variant. §, P �
0.0001 for mean difference between Asian Indians with the PC-1 121Q variant and Caucasians with the PC-1 121Q variant. †, P � 0.02 for
mean difference between Asian Indians with wild-type PC-1 and Caucasians with wild-type PC-1. The Systeme International conversion factor
is 0.0555 pmol/liter for glucose and 0.695 pmol/liter for insulin.
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the 14% reported in Spanish subjects (44). Pizzuti et al. (30)
reported the highest PC-1 121Q allele frequency in a Sicilian
population sample (17.8%). The finding of a PC-1 121Q allele
frequency of 14.3 in the Caucasians of our study is consistent
with the reported allele frequency in the European popula-
tion. Interestingly, we detected a significantly higher PC-1
121Q allele frequency in our Asian Indian population. The
allele frequency of 17.9% in Asian Indians is comparable to
the reported frequency in the Sicilian population (30), which
also manifests a strong association between PC-1 121Q and
insulin resistance.

In the current study, Caucasians from our geographical
region with the PC-1 121Q variant revealed no evidence of
increased insulin resistance compared with the control group
with wild-type PC-1. In previous reports, the finding of a
positive association between PC-1 121Q and insulin resis-
tance in other Caucasian populations has been inconsistent.
Positive associations have been reported by Pizzutti et al. (30)
and Frittitta et al. (31) for Sicilians, by Gu et al. (42) in in-
trafamily association studies in subjects from Finland and
Sweden, and by Kubaszek et al. (43) in Finnish subjects. In
contrast, Rasmussen et al. (45) and Gonzalez-Sanchez et al.
(44) found no association among Danish and Spanish Cau-
casians, respectively.

The results of our study do not elucidate the reasons for
the observed differences in allele frequencies of PC-1 121Q
between Asian Indians and Caucasians or the molecular
basis for the positive association between PC-1 121Q and
insulin resistance in Asian Indians, but not in some Cauca-
sian groups. Whether the difference in frequencies of the

polymorphism is present in the whole South Asian popula-
tion and the whole Caucasian population is unknown. Both
Asian Indian and Caucasians in this study were samples of
convenience and cannot be considered representative of the
whole population. However, the difference in frequency is
suggestive enough to justify a more extensive study and
more representative sampling.

There is little doubt that Asian Indians as a group are more
insulin resistant than Caucasians. This difference has been
documented in several studies (14, 15, 46) and is consistent
with a high prevalence of type 2 diabetes throughout India
and in migrant Indians (16–19). These findings suggest that
insulin resistance in Asian Indians has a strong genetic com-
ponent. If so, Asian Indians could have a combination of
independent genes, each affecting insulin sensitivity. Alter-
natively, there could be multiple interacting genes that are
required to produce a high prevalence of insulin resistance.
We cannot rule out the possibility that migrant Indians may
not be representative of the whole South Asian population
with respect to gene clustering. Migration may be more likely
to occur in certain segments of the population, which could
differ in genetic architecture from other segments. If so, the
group prone to migration may be enriched in certain genetic
patterns that influence insulin sensitivity. In the current
study, details of immigrant status in the Asian Indian cohort,
including recent vs. first generation and length of stay in the
United States, were not documented sufficiently to draw a
firm conclusion. Thus, replication of the current findings in
different regions of the Indian subcontinent will be necessary
to define the scope of the association between PC-1 121Q
variant and insulin resistance in all Asian Indians.

A perplexing observation is the failure to observe an as-
sociation between PC-1 121Q and insulin resistance in some
Caucasian populations (44, 45). This failure raises the pos-
sibility that the positive association in Asian Indians is spu-
rious. However, several findings support a true association.
Positive associations have been reported in other Caucasian
cohorts (30, 31, 42, 43) and were independently confirmed by
both OGTT and glucose clamp studies in current Asian In-
dians. If the association is real, it still does not prove that PC-1
121Q per se can cause insulin resistance. It could be an as-
sociated marker for a particular genetic architecture that is
responsible for insulin resistance. Such a genetic marker
might occur in some populations, but not in others. Alter-
natively, PC-1 121Q acting alone may not be responsible for
insulin resistance, but may interact with one or more other
genes that are required to produce detectable insulin resis-
tance. In our view this latter possibility seems the more likely
mechanism to explain the inconsistent relationship between
PC-1 121Q and insulin resistance in different populations.

The results of our study suggest that the PC-1 121Q poly-
morphism is a key factor for the development of insulin
resistance in Asian Indians even if it does not act alone. Of
interest, plasma AUCs during OGTT and insulin sensitivity
indexes in Asian Indian PC-1 wild types were not different
from those in Caucasians. Our study used two different
techniques to assess insulin resistance: measurement of the
insulin AUC of an OGTT and measurement of Rd during a
hyperinsulinemic-euglycemic clamp. Although a smaller
number of subjects participated in the clamp studies, the

FIG. 3. Insulin sensitivity index from the hyperinsulinemic-euglyce-
mic clamp studies. The insulin sensitivity index was computed from
the Rd in milligrams per kilogram of lean body mass per minute and
mean plasma insulin concentrations (microunits per milliliter) during
the last 40 min of the clamp, as follows: (Rd/insulin) � 100. P values
were determined using ANOVA for multiple comparisons of means.
*, P � 0.006 for mean difference from the group of Asian Indians with
wild-type PC 1. §, P � 0.02 for mean difference from the group of
Caucasians with the PC-1 121Q variant.
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findings from the OGTT on a much larger sample size were
virtually identical those from the clamps. However, before it
can be concluded that the PC-1 121Q variant is a dominant
factor associated with insulin resistance in Asian Indians, the
study would have to be greatly expanded to include a larger
number of study participants in the hyperinsulinemic-
euglycemic clamps. Given the relatively low and unequal
prevalence of PC-1 121Q in different ethnic groups, future
investigations should be designed to assure equal distribu-
tion of PC-1 subgroups within the clamp studies. In addition,
to attempt a relative quantification of the impact of the PC-1
121Q polymorphism on the excessive insulin resistance of
Asian Indians, more detailed information about environ-
mental factors involved in the pathogenesis of insulin resis-
tance is needed. It seems unlikely that a single polymorphism
in one gene can entirely explain the propensity of South
Asians to insulin resistance. Nonetheless, it is of interest that
the frequency of the PC-1 121Q variant is higher among
Asian Indians than Caucasians. This finding raises the pos-
sibility that PC-1 121Q confers a biological advantage, such
as that postulated in the thrifty gene hypothesis (47).

Of interest are the results we obtained on IRS-1 972A. This
polymorphism has also been associated with insulin resis-
tance in previous studies (26, 27). However, the prevalence
of the IRS-1 972A variant has been reported to be very low
in the Caucasian population (48). Pima Indians, another eth-
nic group with excessive insulin resistance, have been shown
not to have excessive prevalence of the IRS-1 972A mutation
(28). The lack of association between the prevalence of IRS-1
972A polymorphisms and the prevalence of diabetes has
been shown in both Caucasian and Asian Indian populations
(29). Our findings confirm the low prevalence of this poly-
morphism in nondiabetic Caucasians and Asian Indians.
Furthermore, we found no relationship between IRS-1 972A
and excessive insulin resistance in the Asian Indian popu-
lation. Although not all ethnic groups have been studied, the
low prevalence of the mutation and the absence of an ethnic
difference in prevalence suggest that the IRS-1 G972A poly-
morphism is unlikely to play a major role in the interethnic
variability in insulin resistance susceptibility.

In summary, we conclude that PC-1 121Q polymorphism
associates strongly with primary insulin resistance in Asian
Indians and significantly contributes to the insulin resistance
susceptibility of this population. Insulin resistance is almost
certainly the result of a complex interaction of environmen-
tal/acquired factors and genetic factors. Obesity, fat distri-
bution, and physical activity are related to insulin resistance,
and they influence the variability of insulin sensitivity in the
population. Nonetheless, identification of individuals who
are genetically susceptible to insulin resistance may provide
a useful tool for intervention strategies to reduce the risk for
type 2 diabetes and cardiovascular disease in our population.
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