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Abstract 
Several clinical and metabolic abnormalities, i.e. central obesity, hypertension, impaired 

glucose tolerance or diabetes and dyslipidemia often cluster together and are commonly found in 
patients with atherosclerotic cardiovascular disease. Hyperinsulinemia and i11_sulin resistanc~ are 
often evident in subjects with these metabolic abnormalities, so called insulin resistance or 
metabolic syndrome. In the present study, we looked into the correlations between serum insulin 
or index of insulin sensitivity and various clinical and metabolic abnormalities. Subjects consisted 
of 103 males and 118 females. Oral glucose tolerance test was performed on all subjects. Homeo­
stasis model assessment of insulin sensitivity (HOMA-S) was used to determine insulin sensitivity. 
In males, HOMA-S was found to be significantly correlated with BMI, plasma glucose, insulin, 
triglycerides and waist circumference. Male subjects in the highest quartile of HOMA-S also had 
significantly higher systolic blood pressure compared to those in the lowest quartile. In females, 
HOMA-S was significantly correlated with BMI, blood pressure, plasma glucose, insulin, tri­
glycerdies, HDL-cholesterol, waist circumferences and waist-hip ratio. However, after adjust­
ment for BMI, correlation between HOMA-S and blood pressure in women was no longer 
statistically significant. We, therefore, concluded that correlations between serum insulin or index 
of insulin sensitivity with certain metabolic abnormalities also existed in Thai subjects. Some of 
these correlations seem to be at least in part dependent on obesity. 
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A cluster of clinical and metabolic abnor­
malities, i.e. central obesity, hypertension, impaired 
glucose tolerance and dyslipidemia (increased 
VLDL-triglycerides and decreased HDL-choles­
terol) are commonly found in patients with athero­
sclerotic cardiovascular disease( 1). Insulin resis­
tance, i.e. resistance to insulin action, which usually 
refers to defects in insulin-mediated glucose dis­
posal, has been shown in many studies to be linked 
to these metabolic and clinical features(2,3). Reaven 
( 4) has coined the term "syndrome X" to describe 
these clinical and metabolic features and has hypo­
thesized that insulin resistance is the basis of this 
syndrome. However, there seem to be some incon­
sistencies of these correlations among different 
populations. The correlation between insulin and 
coronary heart disease seems to be more controver­
sial and both cross-sectional and prospective studies 
have yielded contradictory results(2). This study, 
therefore, looked into the associations between 
serum insulin and other features of clinical and 
metabolic abnormalities, or the so called metabolic 
syndrome in the Thai population. 

SUBJECTS AND METHOD 
Subjects 

Subjects included adult males and females, 
aged 40 years old or more, who had no underlying 
diseases and were not receiving any medications 
which might affect insulin sensitivity or lipid pro­
file. The body weight and height were measured 
while the subjects were fasting and in light clothes. 
The blood pressure was measured with a standard 
mercury sphygmomanometer in the sitting position 
after the subjects had been at rest for at least 15 
minutes and the mean values of two measurements 
taken at 10-min intervals were used. The waist 
circumference was measured at the umbilical level. 
The hip circumference was measured at the widest 
part over the buttocks or trochanter region. 

Oral glucose tolerance test 
Oral glucose tolerance test was performed 

on all subjects with 75 grams of glucose. The test 
was done in the morning between 8-10 a.m. after 
an overnight fast. Samples were collected every 30 
minutes for measurements of glucose and insulin. 
Baseline samples were also collected for measure­
ments of serum cholesterol, triglycerides and HDL­
cholesterol. 
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Laboratory assessment 
Plasma glucose was measured by the glu­

cose oxidase method using the Beckman Gluco­
meter 2. Serum insulin was measured by radioim­
munoassay (CIS Biotechnology). Assessment of 
insulin sensitivity was calculated from the homeo­
stasis model assessment (HOMA-S) using fasting 
glucose and insulin values as described previously 
(5). Serum total cholesterol (TC), HDL-cholesterol 
(HDL-C) and triglycerides (TO) concentrations 
were determined by colorimetry. 

Statistical analysi'> 
Data were expressed as mean± SD. Corre­

lations among variables were analysed using Pear­
son and Spearman Rho's correlation. Comparisons 
among variables in subjects with different glucose 
tolerance status were done using one-way analysis 
of variance. 

RESULTS 
There were 221 subjects included in this 

study, 103 males and 118 females. The mean age ± 
SD was 52.6 ± 9.6 years. The body mass index 
(BMI) was 24.3 ± 3.2 kgfm2. The systolic blood 
pressure (SBP) was 128.4 ± 18.7 mmHg, diastolic 
blood pressure (DBP) 81.2 ± 9.5 mmHg, waist 
circumference (WC) 82.5 ± 8.5 em, waist-hip ratio 
(WHR) 0.85 ± 0.07. The mean serum cholesterol 
level was 219.4 ± 16.4 mg/dl, triglycerides 138.2 ± 
95.7 mg/dl, HDL-C 49.2 ± 12.5 mg/dl. The mean 
calculated LDL-C was 143.5 ± 32.7 mg/dl. The mean 
plasma glucose and insulin levels from oral glucose 
tolerance test are shown in Table 1. Fasting insulin 
levels and HOMA-S have been shown to be 
significantly correlated with postload insulin at all 
points measured, including area under the curve of 
insulin (P < 0.01). Fasting insulin and HOMA-S 
were also significantly correlated with fasting and 
1 hour-postload glucose (P<O.Ol ). 

Both fasting insulin and HOMA-S were 
significantly correlated with various parameters 
associated with features of insulin resistance syn­
drome, namely body mass index, blood pressure, 
plasma glucose, triglycerides, HDL-cholesterol and 
index of central obesity, i.e. waist circumference and 
waist hip ratio, with HOMA-S showing stronger 
correlations than fasting insulin or insulin measured 
at other time-points. We, therefore, chose HOMA-S 
to represent the index of insulin sensitivity in our 
study. Table 2 and 3 show correlations between 
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Table 1. Plasma glucose and serum insulin levels at baseline and after 75 grams oral glucose tolerance 
test. 

Variables Time !minutes) 
0 30 60 90 120 

Glucose (mg/dl) 89.9 ± 14.7 160.1 ± 32.6 181.8 ± 48.0 173.9 ± 51.3 153.7 ± 52.2 
Insulin (J.!U/ml) 21.1 ± 9.7 102.4 ± 64.3 126.9 ± 88.6 146.4 ± 107.8 142.3 ± 112.2 

Table 2. Correlations between quartile of HOMA-S and various clinical and metabolic parameters in 
males. 

Variables Quartile of HOMA-S 
4th 2nd 3fd rst 

Age (yr) 54.2 ±9.9 56.6 ± 10.8 
BMI(kglm2) 22.9 ± 1.7 23.3 ± 2.6 
SBP(mmHg) 123.9 ± 13.4 133.8 ± 21.1 
DBP(mmHg) 80.4 ± 7.1 84.9 ± 10.5 
FPG (mg/dl) 86.6± 9.6 87.4± 6.9 
I h-PG (mg/dl) 172.8 ± 41.3 178.3 ± 38.4 
2 h-PG (mg/dl) 133.4 ± 37.2 143.2 ± 39.4 
Fasting insulin (tJU/ml) 11.4±3.0 18.5 ± 2.3 
I h-insulin (J.!U/ml) 99.1 ± 43.8 120.8 ±68.8 
2 h-insulin (tJU/ml) 112.4±66.9 113.6 ± 69.2 
TC (mg/dl) 220.3 ± 29.2 225.5 ± 45.2 
TG (mg/dl) 143.7 ±73.7 133.3 ± 57.0 
HDL-C (mg/d1) 42.3 ± 9.3 46.1 ± 11.7 
WC(cm) 83.1 ± 6.3 83.9 ± 6.8 
WHR 0.89 ±0.05 0.88 ± 0.05 

HOMA-S, divided into quartile, with various para­
meters of metabolic syndrome in males and females. 
In males, HOMA-S has been shown to be signifi­
cantly correlated with BMI, plasma glucose, insulin, 
triglycerides and waist circumference. Male sub­
jects in the highest quartile of HOMA-S also had 
higher systolic blood pressure compared to those in 
the lowest quartile (P=O.Ol). In females, HOMA-S 
was significantly correlated with BMI, blood pres­
sure (both systolic and diastolic), plasma glucose, 
triglycerdies, HDL-C, waist circumference and 
waist-hip ratio. However, after adjustment for BMI, 
correlation between HOMA-S and blood pressure 
in women no longer existed. 

Table 4 demonstrates the clinical and meta­
bolic parameters of subjects with normal glucose 
tolerance (NGT), impaired glucose tolerance (IGT) 
or diabetes mellitus after 75-gram glucose load. 
According to the World Health Organization Provi-

P value 
Not Adjusted 

adjusted for BMI 

52.2±9.3 50.9 ± 10.1 NS NS 
24.2 ± 3.1 26.1 ± 2.4 <0.01 

130.8± 16.8 133.7 ± 18.4 NS NS 
80.0± 9.0 84.9 ± 9.8 NS NS 
93.2± 9.0 104.1 ± 30.3 <0.01 <0.01 

187.4 ± 41.3 219.7±68.5 <0.01 <0.01 
140.2 ± 38.2 183.7 ± 81.5 0.03 0.02 
23.8 ± 3.3 36.7±10.1 <0.01 < O.ot 

154.3 ± 76.1 218.9 ± 167.7 <0.01 <0.01 
144.9 ± 105.3 215.6±208.9 < O.ot 0.09 
216.0± 39.1 202.5 ± 33.9 NS NS 
191.6 ± 201.9 183.9 ± 97.3 0.04 NS 
43.7 ± 12.2 40.9 ± 8.0 NS 0.04 
87.2 ± 7.2 90.4±7.1 <0.01 NS 
0.91 ± 0.05 0.90± 0.04 NS NS 

sion Criteria(6), there were 82 subjects (37.1%) who 
had IGTand 36 (16.3%) who fulfilled the criteria for 
diabetes. Subjects who had diabetes were signifi­
cantly older and had significantly higher BMI, sys­
tolic blood pressure, waist circumference and waist­
hip ratio than those with either NGT or IGT (P < 
0.05). Moreover, subjects with diabetes had higher 
fasting and 120-minute postload insulin than the 
other two groups (P < 0.05). Although the subjects 
with diabetes had higher triglycerides and lower 
HDL-cholesterol levels compared to those with IGT 
or normal glucose tolerance, these did not reach 
statistical significance. 

DISCUSSION 
The results of the present study demon­

strated the association between hyperinsulinemia 
and several clinical and metabolic parameters asso­
ciated with atherosclerotic cardiovascular disease. 
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Table 3 Correlations between quartile of HOMA·S and various clinical and metabolic parameters in 
females 

Variables Quartile of HOMA-S 
2nd 3fd 4th JSt P value 

Not Adjusted 
adjusted for BMI 

Age (yr) 53.2 ± 11.3 50.1 ±7.1 50.4 ± 7.8 54.1 ± 9.9 NS NS 
BMI (kgtm2) 22.8± 3.0 24.1 ± 3.2 25.1 ± 3.3 25.8 ± 4.3 <0.01 
SBP(mmHg) 118.6 ± 18.7 129.7 ± 19.0 126.3 ± 19.7 130.9 ± 18.4 0.03 NS 
DBP(mmHg) 74.3 ± 9.3 83.6 ± 8.2 80.7 ±.10.6 81.1±7.6 0.03 NS 
FPG(mgldl) 82.8 ±6.4 86.4± 10.0 86.1 ± 6.8 94.0± 13.3 <0.01 <0.01 
I h-PG (mgldl) 161.3 ± 35.1 169.0±44.0 173.2±46.0 196.2±42 •. 7 <0.01 < O.Dl 
2 h-PG (mgldl) 142.4± 36.2 152.9 ± 38.5 150.5 ± 46.5 181.0 ± 64.6 0.06 0.05 
Fasting insulin (JJU/ml) 10.1 ± 3.4 16.4 ± 1.9 21.7 ± 2.0 30.7 ± 5.8 <0.01 < O.Dl 
I h-insulin (JJU/ml) 79.7 ± 34.0 86.5 ±37.4 141.9 ± 80.0 122.8 ± 52.5 <0.01 <0.01 
2 h-insulin (JJU/ml) 89.2 ±35.0 125.1 ± 66.7 170.7±116.6 167.4± 103.9 <0.01 <0.01 
TC (mg/dl) 223.6± 30.9 219.7 ± 27.9 221.6 ± 39.4 224.8± 40.0 NS NS 
TG (mgldl) 102.2±45.9 107.4± 39.0 125.4 ± 64.5 129.7 ± 66.3 0.04 NS 
HDL-C (mgldl) 58.0± 10.3 57.2 ± 13.2 51.4 ± 12.1 50.9 ± 9.9 0.01 0.03 
WC(cm) 75.2±6.5 79.1 ± 7.5 78.1 ± 6.5 84.3 ± 8.8 <0.01 0.02 
WHR 0.81 ±0.06 0.81 ±0.06 0.81±0.05 0.85 ± 0.06 0.02 0.08 

Table 4. Clinical and metabolic parameters in subjects with normal glucose tolerance (NGT), impaired 
glucose tolerance (IGT) or diabetes after 75-gram oral glucose tolerance test. 

Parameters NGT 

Number of subjects(%) 103 (46.6) 
Age (yr) a,b,c 49.9 ± 8.4 
%female 48.5 
BMI (kgtm2) b,c 23.8 ± 2.8 
Systolic BP (mmHg) b,c 126.0 ± 18.3 
Diastolic BP (mmHg) 80.6 ± 9.4 
Fasting insulin (JJU!ml) b,c 20.5 ± 9.3 
I h-insulin (JJU/ml) 136.0±75.9 
2 h-insulin (JJU/ml) a,b,c 106.1 ± 65.3 
HOMA-S b,c 4.4 ± 2.1 
Cholesterol (mgldl) c 213.3 ± 35.9 
Triglycerides (mgldl) 124.9 ± 111.6 
HDL-C (mgldl) 50.1 ± 12.5 
WC(cm) b,c 81.2±7.7 
WHRb,c 0.84±0.07 

a ; P < 0.05 between NGT and IGT 
b ; P < 0.05 between IGT and DM 
c ; P < 0.05 between NGT and DM 

These results were in accordance with several other 
studies done in various ethnic groups(2). However, 
the strength of associations between various compo­
nents of metabolic syndrome was somewhat diffe­
rent. In our study, we use homeostasis model assess­
ment of insulin sensitivity (HOMA-S) as an index 
of insulin sensitivity. This model has been shown to 

IGT DM 

82 (37.1) 36 (16.3) 
53.4 ± 9.3 58.8 ± 10.9 
54.9 63.9 
24.0± 3.2 26.6 ± 3.8 

128.2 ± 18.9 136.2 ± 18.1 
81.1±9.7 83.0 ± 9.3 
19.6 ± 8.2 26.3±12.1 

I 10.4 ± 62.5 138.3 ± 150.0 
157.1 ± 94.7 212.6± 191.1 

4.3 ± 2.0 6.9 ± 3.7 
223.7 ± 34.2 227.2 ± 39.4 
146.0± 79.9 158.2 ± 73.8 
49.2± 13.2 46.4 ± 10.5 
81.8 ± 9.0 87.6 ± 7.3 
0.85 ± 0.07 0.89 ±0.05 

be useful to assess insulin sensitivity, especially in 
epidemiological studies(5). We have demonstrated 
the correlations between HOMA-S and various 
components of metabolic syndrome, i.e.body mass 
index, blood pressure, dyslipidemia (increased tri­
glycerides and decreased HDL-cholesterol levels), 
plasma glucose (both fasting and post glucose load) 
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and index of central obesity (waist circumference 
and waist hip ratio), many of which showed stronger 
correlations in females than in males. When the 
data were compared between subjects in the lowest 
and highest quartile of HOMA-S, the difference 
between these parameters became more apparent. 
The correlation between HOMA-S and body mass 
index was highly significant in both sexes and 
addressed the close relationship between insulin and 
obesity. Our study also demonstrated the correla­
tion between serum insulin and blood pressure, 
especially in women. However, the correlation was 
not statistically significant when BMI was taken 
into account. 

The relationship between insulin resis­
tance, obesity and dyslipidemia seems to be at least 
in part dependent upon the degree of visceral adi­
posity0-9). Decreased insulin action on adipocytes 
increases lipolysis, thereby releasing free fatty 
acids. Free fatty acids released from visceral fat 
can enter directly into the portal circulation and 
serve as a substrate for both hepatic triglyceride 
synthesis and gluconeogenesis(! 0,11). Free fatty 
acids in tum can affect insulin sensitivity both at 
the hepatic level and at muscular level vis Randle 
cycle( 11). Recent evidence has also suggested that 
leptin, a hormone produced by adipocytes, was also 
significantly associated with insulin resistance( 12). 
In clinical practice, waist circumference and waist­
hip ratio may be used as an index of visceral or 
central obesity and these two parameters have been 
found in most studies, including ours, to be closely 
correlated with insulin resistance. 

The relationship between insulin resistance 
and hypertension is somewhat more controversial. 
Insulin levels have been shown to be significantly 
correlated with blood pressure in many ethnic 
groups, including Caucasians and Japanese, but the 

correlation was weak in African Americans or Pima 
Indians( 13-19). In some studies, the correlation was 
independent of obesity, while in others obesity 
seemed to play an important role. In our study, the 
correlation between insulin and blood pressure 
seemed to be at least in part dependent on obesity. 

Our study also demonstrated that subjects 
with impaired glucose tolerance or who had dia­
betes mellitus were more insulin resistant than 
those with normal glucose tolerance. Both fasting 
and post-glucose load insulin levels were highest 
in those who had diabetes mellitus. Subjects with 
diabetes mellitus also had other features of insulin 
resistance, i.e. higher BMI, blood pressure, waist 
circumference and waist hip ratio. They also tended 
to have higher triglyceride and lower HDL-choles­
terol levels, but this did not reach statistical signifi­
cance. These data suggested that insulin resistance 
becomes increasingly more severe in subjects with 
normal glucose tolerance through impaired glucose 
tolerance and diabetes. 

Perhaps one of the mostly debated issues 
about insulin resistance is whether insulin resis­
tance or hyperinsulinemia is an independent risk 
factor for atherosclerotic cardiovascular disease. 
Many prospective studies have been done to look 
into this question but have come to different conclu­
sions(20-30). Some studies have found that insulin 
was an independent risk factor while others have 
found that the association of insulin and coronary 
heart disease was no longer present when other 
factors, namely lipids and body mass index were 
taken into consideration. Differences in ethnic 
groups and methods to assess insulin sensitivity 
may also contribute to these inconsistent results(31, 
32). Whether insulin resistance is an independent 
risk factor of coronary heart disease in the Thai 
population needs to be further investigated. 

(Received for publication on August 23. 1999) 
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