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Abstract
Background: Insulin resistance leads to impaired glucose tolerance, dyslipidemia, and other adverse cardiovascular effects.
Increased insulin resistance will lead to hyperinsulinemia which is a characteristic feature of obesity, hypertension and type
2 Diabetes mellitus.
Aims: The present study was designed to investigate insulin secretory response and glucose abnormalities after oral glucose
load in obese subjects.
Material and Method: The present study was carried out on 25 healthy controls and 25 obese subjects of either sex and
of varying age groups attending the Out Patient Department of Medicine, Dr. S.N. Medical College and Associated group
of hospitals, Jodhpur.
Results: The results obtained in this study showed that the results of standard OGTT and corresponding insulin response
during fasting, after 1 hour & 2 hour were significantly higher in patients compared with control subjects.
Conclusion: The present study indicates an increased insulin secretory response in obese subjects, which is due to higher
insulin resistance.
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Introduction

Materials and Methods

Obesity is a medical condition in which excess body fat has
accumulated to the extent that it may have an adverse effect on
health, leading to reduced life expectancy or increased health
problem [1, 2]. Overweight and obesity are the fifth leading risk
for global health. At least 2.8 million adults die each year as a result
of overweight or obese. In addition, 44% of the diabetes, 23% of
ischaemic heart disease and between 7% and 41% certain cancer
are attributable to overweight and Obese [3]. Obesity is associated
with other well proved risk factors such as diabetes, hypertension,
dyslipidemia, high blood cholesterol, and physical inactivity [4].
The combination of insulin resistance and hyperinsulinaemia
cause a number of metabolic and cardiovascular changes that
result in a syndrome typically characterized by type 2 DM, obesity,
dyslipidemia, coronary artery disease and hypertension [5]. Thus
in present study an attempt has been made to examine the insulin
secretory response to oral glucose load to test whether obesity is
associated with insulin resistance.

The present study was conducted on 50 subjects with either sex
and of varying age group in the Department of Biochemistry, Dr.
S.N. Medical College and Associated group of Hospitals, Jodhpur.
The selected subjects were further grouped as:GROUP 1: Healthy control subject (n=25). It was ensured by
routine examination that all the subjects were healthy and there
were no signs and symptoms of obese and other disease.
GROUP 2: Obese subjects (without hypertensive) (n=25). It
included subjects which have BMI>30. There blood pressure is
in range of systolic blood pressure (<120mmHg) and diastolic
blood pressure (<80 mmHg) and have no symptoms of diabetes
mellitus and thyroid abnormalities.
An informed consent was taken from all the healthy control
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subjects and patients, under study apprising them the nature and
objective of the study. All subjects were studied as outpatient.
Participant’s examination included interviews for medical and
nutritional history. Present and past history of each case was
recorded in detail regarding their general information i.e. name,
age, sex, address, religion, occupation, economic status, nutritional
and personal habits, education, medication and history suggestive
of any systemic illness. Each subject was then examined for
various anthropometric parameters: Weight (Kg), height (meters),
BMI (Body Mass Index) was calculated by Weight (Kg)/height
squared (m2) and Blood pressure (BP).

point method [8].
(ii) Serum Triglyceride: Enzymatic, Lipoprotein lipase, Glycerol
kinase, Glycerol phosphate oxidase and Peroxidase, end point
method [9].
(iii) HDL-c: Phosphotungstic acid, end point method [10].
(iv) VLDL-c & (v) LDL-c: By Friedwald's formula.

After on overnight fast of 10-12 hours, fasting blood samples
were collected. OGTT was conducted in all the groups. Then
orally 75 gm dose (normally 1 gm per kg body weight) of glucose
was given and after 1 hour and 2 hour blood samples were drawn
from antecubital vein of each subject by using aseptic technique.
The blood was collected in fluoride and plain tubes for blood
glucose and other parameters respectively. Serum was separated
after centrifugation and analysed.

Results

Following biochemical parameters were analysed by commercially
available reagents and kits on semi autoanalyzers and autoanalyzer
in Clinical Biochemistry Laboratory, M.G. Hospital, Dr. S.N.
Medical College, Jodhpur.
1) Glucose by GOD-POD method [6],
2) Serum Insulin by ELISA Method [7],
3) Insulin Resistance: Fasting Insulin Resistance Index (FIRI) by
(HOMA-IR) formula. HOMA IR= fasting insulin (μU/mL) ×
fasting glucose (mmol/L)]/22.5.
4) Lipid Profile: (i) Serum Total Cholesterol (TC): Enzymatic,
Cholesterol esterase, Cholesterol oxidase and Peroxidase, end

The different anthropometric and biochemical parameters will be
subjected to essential statistical evaluation (like mean, standard
deviation, student 't' test, 'p' value) to find out any correlation
among the groups if exist.

Table 1 shows the various baseline characteristics of study
population. In the present study, mean weight was 80.32 ± 10.59
and 71.04 ± 13.25 Kg in the healthy controls, obese subjects,
respectively. Mean height (in meters) of the healthy controls,
obese subjects in the present study was 1.62 ± 0.07 and 1.57 ±
0.04 meters. The mean Body Mass Index (BMI) of the healthy
control subjects was 22.20 ± 1.27. It was 30.58 ± 2.98 in obese
subjects respectively. The mean fasting blood glucose level in
the obese subjects (86.38 ± 6.04 mg/dL) were highly significant
(t=5.33; p<0.001) as compared to healthy controls (76.76 ± 6.71).
(Table 1, 2 and Figure 1). The mean values for 1 hour and 2 hour
plasma glucose in obese subjects were 119.12 ± 12.10, 105.73
± 10.60 mg/dL whereas 97.02 ± 19.42, 89.95 ± 8.18 in healthy
control subjects respectively (Table 1 and Figure 1).
The mean values for fasting, 1 hour & 2 hour serum insulin were
33.97 ± 8.67, 59.83 ± 17.90, 50.66 ± 14.34 in obese subjects
whereas 13.52 ± 3.94µIU/mL, 32.23 ± 7.16µIU/mL & 25.22
± 6.95 µIU/mL in healthy control subjects respectively. There

Table 1. Characteristics of study population.
Characteristics
GROUP 1 (N:25)
GROUP 2 (N:25)
Age
25.24 ± 4.47
40.04 ± 8.99
Male
13
13
Female
12
12
BMI
22.20 ± 1.27
30.58 ± 2.98
Systolic BP (mmHg)
116 ± 5
116.8 ± 4.76
Diastolic BP (mmHg)
75.6 ± 5.07
75.8 ± 5.05
Fasting Blood Sugar (mg/dL)
76.76 ± 6.71
86.38 ± 6.04 [H*]
1 Hour Blood Sugar (mg/dL)
97.02 ± 19.42
119.12 ± 12.10 [H*][H*]
2 Hour Blood Sugar (mg/dL)
89.95 ± 8.18
105.73 ± 10.60 [H*][H*]
Fasting Serum Insulin (μIU/mL)
13.52 ± 3.94
33.97 ± 8.67 [H*][H*]
1 Hour Serum Insulin (μIU/mL)
32.23 ± 7.16
59.83 ± 17.90 [H*][H*]
2 Hour Serum Insulin (μIU/mL)
25.22 ± 6.95
50.66 ± 14.34 [H*][H*]
Serum Insulin Resistance (IR)
2.55 ± 0.73
7.19 ± 1.77[H*][H*]
Total Cholesterol (mg/dL)
161.96 ± 12.69
234.4 ± 29.87 [H*][H*]
Triglyceride (mg/dL)
107.4 ± 18.49
313 ± 82.30 [H*][H*]
HDL- c(mg/dL)
44.72 ± 6.24
29.4 ± 6.48 [H*]
LDL- c (mg/dL)
95.76 ± 17.0
143.6 ± 34.72 [H*]
VLDL- c(mg/dL)
21.48 ± 3.70
62.28 ± 16.28 [H*]
H*- P<0.001 (Group II Vs Group I)
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Table 2. Statistical analysis of blood sugar among the studied (Group II Vs Group I).
S. No.
Parameter
t value
p value
1
Fasting Blood Sugar (mg/dL) 5.38 <0.0001[H*]
2
1 Hour Blood Sugar (mg/dL) 4.83 <0.0001[H*]
3
2 Hour Blood Sugar (mg/dL) 5.89 <0.0001[H*]
H* - Highly significant
Table 3. Statistical analysis of serum insulin among the studied (obese vs. healthy control subjects).
S.No.
1
2
3

Parameter
t value
p value
Fasting Serum Insulin (μIU/mL)
10.74 <0.0001[H*]
1 hour Serum Insulin (μIU/mL)
7.16
<0.0001[H*]
2 hour Serum Insulin (μIU/mL)
7.98
<0.0001[H*]
H* - Highly significant

Table 4. Statistical analysis of serum insulin resistance among the studied (obese vs. healthy control subjects).
S.No.
1

Parameter
t value
p value
Serum Insulin Resistance (IR)
12.12 P<0.0001[H*]
H* - Highly significant
Figure 1. The Mean Blood Glucose Level.
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Figure 2. The Mean Serum Insulin.
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difference was highly significant (Table 1, 3 and Figure 2). The
mean HOMA IR level was 2.55 ± 0.73 in healthy control subjects,
and 7.19 ± 1.77 in obese subjects. This difference was highly
significant (p<0.001) (Table 1,4 and Figure 3).
Mean serum total cholesterol values were highly significant
(t=11.16, p<0.001) in obese subjects (234.4 ± 29.87 mg/dL) as
compared to the healthy control subject (161.96 ± 12.69 mg/dL).
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The mean TG level was 107.4 ± 18.49 in healthy control subjects,
and 313 ± 82.30 in obese subjects respectively (Table 1).
Mean serum HDL-c values were highly significant (t=8.52,
p<0.001) in obese subjects (29.4 ± 6.48 mg/dL) as compared to
the healthy control subject (44.72± 6.24 mg/dL). (Table 1)
The Mean serum VLDL-c & LDL-c values were 62.28 ± 16.28,
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Figure 3. The Mean serum Insulin Resistance.
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143.6 ± 34.72 in obese subjects whereas 21.48 ± 3.70, 95.76 ±
17.0 in healthy control subjects respectively. There difference was
highly significant (Table 1).

Discussion
Hypertension, obesity, and glucose intolerance (impaired glucose
tolerance and noninsulin-dependent diabetes) are so commonly
associated as to suggest common pathogenic mechanisms.
Impaired glucose tolerance and obesity are characterized by
hyperinsulinemia, which reflects peripheral insulin resistance [11].
Our study show that the mean fasting blood glucose level in the
obese subjects were highly significant as compared to healthy
controls. In accordance to our study, Slowinska-Srzendnicka J et
al (1989) [12] reported a highly significant relation (p<0.001) with
fasting blood glucose in obese subjects (77.5 ± 3.40 mg/dL) as
compared to the healthy control subjects (66.7 ± 4.80 mg/dL).In
present study the mean 1 hour & 2 hour Blood glucose level in the
obese subjects were highly significant as compared to the healthy
controls. Our results concur with the study of Beuschlein F et al
(2000) [13], as they reported a highly significant relation (p<0.001)
in 2 hour blood glucose in obese subjects as compared in healthy
subjects. Prager R et al (1987) [14] observed significantly elevated
blood glucose level during OGTT.
In this study mean fasting serum insulin values were highly
significant in obese subjects as compared to the healthy control
subjects. As per our study, the result of serum fasting insulin
were in agreement with those of the Slowinska-Srzednicka J et al
(1989) [12] as they observed a highly significant relation (p<0.001)
in fasting serum insulin in obese subjects (23.80 ± 1.90 mU/L) as
compared to the healthy control subjects (12.00 ± 1.00 mU/L).
Further our data also matched with the results of Finta M et al
(1992) [15] who suggested a highly significant relation (p<0.001)
in fasting serum insulin in obese subjects (20 ± 3 microU/mL)
as compared with non-obese subjects (5 ± 0.7 micro U/mL).
Similarly, Guo X et al (1998) [16], Nielsen S et al (1999) [17],
Zemva A et al (2000) [18] also reported significantly increased
fasting serum insulin in obese subjects as compared to the healthy
controls.
In our study, a highly significant correlation in 1 hour serum
insulin levels were observed when healthy control subjects were
compared with obese subjects. In accordance to our study, Finta
M et al (1992) [15] reported a highly significant relation (p<0.001)
in 1 hour serum insulin in obese subjects (118 ± 19 microU/
mL) as compared to the non-obese subjects (49 ± 6 microU/
mL). Bonora E et a l (1984) [19] reported significantly higher 1

hour serum insulin level in obese subjects as compared to the
healthy controls. In the present study a highly significant relation
in 2 hour serum insulin levels were observed when healthy control
subjects were compared with obese subjects. Our results concur
with the study of Parley MJ et al (1967) [20], as they reported
a highly significant relation (p<0.001) in 2 hour serum insulin
level after oral glucose load in obese subjects as compared to the
healthy controls. Bonora E et al (1984) [19] reported significantly
higher 2-hour serum insulin concentration in obese subjects
as compared to the healthy controls. Prager R et al(1987) [14],
Bonadonna RC et al (1990) [21], Nielsen S et al (1999) [17],
Hong J et al (2008) [22] also reported significantly higher insulin
response after oral glucose load in obese subjects as compared to
the healthy controls. In our study, a highly significant correlation
(p<0.001) in serum Insulin Resistance (IR) was observed when
obese subjects were compared with healthy control subjects.
Another finding observed in the present study was that the mean
serum total cholesterol values were highly significant (t=11.16,
p<0.001) in obese subjects as compared to the healthy control
subject. In accordance to our study, Weber MA et al (2001) [23]
reported a highly significant relation (p>0.001) in serum TC
in obese subjects (203 ± 9mg/dL) as compared to the healthy
controls (195 ± 4mg/dL). In our study, mean serum TG values
were highly significant (t=12.80, p<0.001) in obese subjects as
compared to the healthy control subject. In accordance to our
study, Azita F et al (2009) [24] reported a highly significant relation
(p<0.001) in serum TG in obese subjects (110.6 ± 42.1 mg/dL)
and overweight (107.0 ± 51.6 mg/dL) as compared to the healthy
controls (86.9 ± 34.9 mg/dL).
In the present study, mean serum HDL-c values were highly
significant (t=8.52, p<0.001) in obese subjects as compared to
the healthy control subject. Our observation were in accordance
with those of Beuschlein F et al (2000) [13], as they reported a
highly significant relation (p<0.001) in serum HDL-c level in
obese subjects (2.8 ± 0.8 mmol/L) as compared to the healthy
control subjects (1.8 ± 0.8 mmol/L). Similarly, Weber MA et al
(2001) [23] reported a highly significant relation (p<0.001) with
serum HDL-c in obese subjects (52 ± 3 mg/dL) as compared to
the healthy control subjects (59 ± 4 mg/dL).
Our study shows that mean serum VLDL-c values were highly
significant (t=12.21, p<0.001) in obese subjects as compared to
the healthy control subject. Bhatti MS et al (2001) [25] reported
significantly higher level of serum VLDL-c level in obese subjects
as compared to the healthy controls. In our study, a statistically
highly significant increase (t=6.18; p<0.001) in obese subjects
in mean serum LDL-c values was observed as compared to the
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healthy control subjects. In accordance to our study, Weber MA
et al (2001) [23] reported a highly significant relation (p<0.001) in
serum LDL-c in obese subjects (131 ± 5 mg/dL) as compared to
the healthy controls (123 ± 7 mg/dL).
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[11].
[12].

Thus in obese subjects, early diagnosis and treatment of an
abnormal glucose & lipid metabolism may be particularly
important to reduce cardiovascular disease, type 2 DM.

Conclusion
The present study indicates an increased insulin secretory response
in obese subjects, which is due to higher insulin resistance. This
increased insulin resistance will lead to hyperinsulinaemia which
is a characteristic feature of obesity, hypertension and type 2
Diabetes mellitus. Therefore, all these three are very important
risk factors which imposes a cumulative effect on each other and
in the etiology and pathogenesis of cardiovascular complications
that end up in the development of metabolic syndrome when
present together. Subject with either of these should be well
screened timely and also after diagnosis.
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