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AIM: We studied the correlations between fasting and 
post-lunch serum IGF-I concentrations, and insulin 
resistance and insulin sensitivity in subjects with 
various degrees of glucose tolerance. MATERIALS 
AND METHODS: A total of 12 nondiabetic subjects, 
09 subjects with impaired glucose tolerance (IGT) 
and 18 patients with newly diagnosed type-2 diabetes 
of either sex (mean age, 46 years) were recruited. 
None of the participants received any drug treatment 
at the commencement of the study. Fasting as well 
as post-lunch blood samples were collected from all 
the subjects and anthropometric and biochemical 
parameters were analyzed. RESULTS: Fasting serum 
IGF-I concentrations were negatively correlated with 
fasting serum glucose, insulin, C-peptide, triglycerides, 
total LDL and VLDL cholesterol, homeostatic model 
assessment of insulin resistance (HOMA-IR), and age. 
Fasting serum IGF-I concentrations were positively 
correlated with fasting blood HDL cholesterol and 
homeostatic model assessment of insulin sensitivity 
(HOMA-S) in only diabetic subjects. Post-lunch serum 
IGF-I concentrations were positively correlated with 
HDL and LDL cholesterol. Correlations with HOMA-S 
with these metabolic anthropometric variables were 
of similar magnitude and direction as that of IGF-I 
concentrations. IGF-I concentrations were signiÞ cantly 
lower in the subjects with World Health Organization-
defined metabolic syndrome compared with the 
subjects without metabolic syndrome (P < 0.0001). 
CONCLUSIONS: Our data indicate that IGF-I could be 
a useful marker in the insulin resistance syndrome. The 
post-lunch low-IGF-I levels help in better identiÞ cation 
of subjects at risk for type-2 diabetes mellitus and 
cardiovascular disease.

Introduction

Insulin resistance is a chronic metabolic syndrome 
characterized by a cluster of abnormalities including 
altered glucose tolerance, visceral adiposity, hypertension, 
low HDL cholesterol and high triglyceride levels. It 
is linked with so many cardiovascular diseases.[1�2] 
There is an increasing evidence in the last few years 
suggesting that  IGF-I may have a role in both glucose 
homeostasis and atherosclerotic cardiovascular disease. 
Animals with absence of liver speciÞ c IGF-I gene are 
characterized by hyperinsulinemia and skeletal muscle 
insulin resistance.[34] These animals when treated with 
recombinant IGF-I showed  a reduction in insulin levels 
and an increase in insulin sensitivity.[3] Clinical studies 
performed in patients with extreme insulin resistance 
and in patients with both types of diabetes have shown 
that recombinant IGF-I administration significantly 
lowered blood glucose and increased insulin sensitivity.[5-8] 
A recent study concluded that low concentrations of 
IGF-I in the blood circulation was increasingly associated 
with increased risk of developing type-2 diabetes.[9] In 
nondiabetic subjects, the low levels of IGF-I in circulation 
have been associated with angiographically reported 
coronary artery diseases.[10,11] In patients with effort 
angina pectoris and angiographically normal epicardial 
coronary arteries (cardiac syndrome-X), low levels of 
IGF-I have been observed.[12] Individuals with low levels 
of IGF-I have increased risk of developing ischemic heart 
disease compared to individuals with normal levels of 
IGF-I.[13] Nondiabetic patients succumbing to an acute 
myocardial infarction had signiÞ cantly lower IGF-I levels 
than survivors.[14] In view of these Þ ndings, a close link 
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between metabolic syndrome-X and insulin resistance, 
diabetes, and atherosclerotic coronary artery diseases 
might be attributed to the low levels of circulating IGF-I, 
which in turn affects insulin sensitivity. In the present 
study, we have evaluated the correlations between IGF-I 
concentrations and insulin sensitivity in both fasting and 
post-lunch serum samples using anthropometric and 
biochemical variables in subjects with different degrees 
of glucose tolerance.

Materials and Methods

The study included 12 nondiabetic subjects, 09 subjects 
with impaired glucose tolerance (IGT), and 18 patients 
with newly diagnosed type-2 diabetes. The study was 
conducted at the Department of General Medicine, 
Mahatma Gandhi Memorial Hospital, Warangal, AP, 
India, from March 2006 to June 2007. All the subjects 
were attending general health checkup at our out-patient 
department. Subjects were excluded if they had chronic 
gastrointestinal diseases associated with malabsorption, 
chronic pancreatitis, history of any malignant disease, 
history of alcohol abuse, kidney or liver failure, and drug 
treatment that could modify the glucose homeostasis. 
IGT and type-2 diabetes mellitus were diagnosed as 
per the American Diabetes Association criteria based on 
fasting and post-lunch blood glucose levels (IGT-FBS, 
110�126; PLBS, 130�140; DM-FBS, 140�200; and PLBS,  
>200 mg/dl).[15]

Ethics
The study was approved by Institutional Ethics 
Committee (Kakatiya Medical College, Warangal) 
and informed consent was obtained from each subject 
according to the principles of the declaration of 
Helsinki.

Biochemical assays
Fasting and post-lunch blood glucose, total and HDL 
cholesterol, and triglycerides were measured by 
enzymatic methods (Excel Diagnostics Private Limited, 
Hyderabad, India). Fasting and post-lunch serum 
insulin concentrations were determined by enzyme-
linked immunosorbent assay (ELISA) (Mercodia AB., 
Sweden). Fasting and post-lunch serum C-peptide 
concentrations were determined by ELISA (Biomerica 
Inc., USA). Fasting and post-lunch serum IGF-I 
concentrations were determined by ELISA (Mediagnost., 
Germany). Fasting and post-lunch serum VLDL and 
LDL cholesterol concentrations were determined by 
using the formula: VLDL cholesterol = triglycerides/5; 
and LDL cholesterol = total cholesterol � (HDL + VLDL 

cholesterol).[16] Insulin resistance was assessed by 
using the previously validated homeostasis model 
assessment for insulin resistance, calculated from the 
fasting insulin and glucose concentrations according to 
the formula: HOMA-IR = [(insulin X glucose)/22.5].[17] 

Similarly, insulin sensitivity was assessed by using the 
previously validated homeostasis model assessment for 
insulin sensitivity, calculated from the fasting insulin 
and glucose concentrations according to the formula: 
HOMA-S = 1/ [(insulin X glucose) X 22.5].[18] 

Statistical analysis
All variables are expressed as mean ± SD. Group 
differences of continuous variables were compared 
using ANOVA followed by Newman Keuls test. 
Relationships between variables were determined by 
Pearson�s correlation coefÞ cient. For all analyses, a P 
value <0.05 was considered to be statistically signiÞ cant. 
All analyses were performed using GraphPad Prism 4 
Demo software. 

Results

Anthropometric and biochemical characteristics of the 
study subjects are shown in Table 1. Subjects with IGT 
and newly diagnosed type-2 diabetes were similar in 
age and had signiÞ cantly higher fasting and post-lunch 
blood glucose (P < 0.0001, P < 0.0001, respectively), and 
not signiÞ cantly higher fasting and post-lunch serum 
insulin, C-peptide, abnormal lipid proÞ le, and HOMA-
IR levels compared with nondiabetic subjects. HDL 
cholesterol was not signiÞ cantly lower in subjects with 
IGT and diabetes compared with nondiabetic subjects. 
Interestingly, HOMA-S was not significantly lower 
in subjects with IGT and type-2 diabetes (P < 0.323). 
Fasting and postlunch serum IGF-I concentrations were 
signiÞ cantly lower in subjects with IGT as well as type-2 
diabetes (P < 0.0001, P < 0.007, respectively).

Univariate correlations between both serum IGF-I 
concentrations and established components of the insulin 
resistance syndrome were assessed for the study subjects 
[Table 2a, 2b, and 2c]. In all the subjects fasting and 
post-lunch serum IGF-I concentrations were negatively 
correlated with age, blood glucose, insulin, C-peptide, 
triglycerides, and total lipid proÞ le with an exception 
of HDL cholesterol and insulin resistance expressed 
as HOMA-IR. Fasting serum IGF-I concentrations 
were positively correlated with HDL cholesterol and 
insulin sensitivity (HOMA-S). Post-lunch serum IGF-I 
concentrations were positively correlated with LDL 
cholesterol in addition to HDL cholesterol. Correlations 
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for HOMA-S with these metabolic variables were of a 
similar degree and in the same direction as that serum 
IGF-I concentrations. HOMA-S was negatively correlated 
with age, glucose, insulin, C-peptide, triglycerides, total 
cholesterol, and HOMA-IR. In contrast, it was positively 
correlated with HDL cholesterol and serum IGF-I. 

However, the correlations between fasting serum IGF-I 
concentrations and established components of the 
insulin resistance syndrome including age and HDL 
cholesterol were significant in nondiabetic subjects, 
but not in IGT and newly detected type-II diabetic 
patients; and postlunch serum IGF-I did not show  

signiÞ cant correlation with age and HDL cholesterol. 
The correlations between fasting and postlunch serum 
IGF-I concentrations and established components of the 
insulin resistance syndrome including blood glucose, 
insulin, C-peptide, triglycerides, VLDL cholesterol, 
HOMA-IR, and HOMA-S were not significant in 
all subjects. The correlations between fasting serum 
IGF-I concentrations and total and LDL cholesterol 
were signiÞ cant in nondiabetic subjects and patients 
with newly detected type-2 diabetes, but not in IGT 
subjects and all the groups of subjects of post-lunch 
serum samples. The correlations between serum insulin 
sensitivity calculated from HOMA-S and serum insulin 

Martha et al.: Study of insulin resistance in relation to serum IGF-I levels

Table 1: Anthropometric and biochemical characteristics of the study subjects

Parameter Normal subjects IGT subjects Newly detected DM subjects P-value

 Fasting Post lunch Fasting Post lunch Fasting Post lunch Fasting Post lunch

Sex (Male/Female) 6/6 6/6 7/2 7/2 17/1 17/1 - -
Age (years) 45.58 ± 8.56 45.58 ± 8.56 44.89 ± 4.73 44.89 ± 4.73 47.83 ± 9.06 47.83 ± 9.06 0.614 -
Glucose (mg%) 76.83 ± 14.49 106.25 ± 14.0 119.67 ± 5.6 215.56 ± 25.6 209.39 ± 64.1 314.61 ± 70.5 0.0001  0.0001
Insulin (µU/ml) 4.39 ± 2.68 16.04 ± 12.87 5.72 ± 3.10 22.48 ± 27.18 3.72 ± 3.14 7.2 ± 8.45 0.276  0.059
C-Peptide (ng/ml) 1.20 ± 0.99 5.48 ± 3.00 4.08 ± 6.55 7.97 ± 4.47 2.12 ± 4.08 5.56 ± 4.07  0.303 0.264
IGF-I (ng/ml) 144.99 ± 6.70 150.60 ± 11.6 99.69 ± 15.02 113.78 ± 27.48 87.59 ± 29.12 108.93 ± 45.7  0.0001 0.007
Triglycerides
(mg%) 145.96 ± 36.1 203.03 ± 90.7 202.69 ± 199 206.73 ± 145 249.83 ± 171 251.85 ± 154  0.20 0.56
Total cholesterol
(mg%) 255.56 ± 47.1 266.67 ± 57.0 279.01 ± 60.2 324.69 ± 91.5 295.68 ± 74.8 327.16 ± 88.2  0.25 0.118
HDL cholesterol
(mg%) 68.38 ± 15.11   59.31 ± 11.48 65.35 ± 4.1   52.61 ± 5.96 65.03 ± 7.20   58.98 ± 7.1 0.64  0.14
LDL cholesterol
(mg%)  157.98 ± 42.7 166.75 ± 56.8   173.1 ± 65.3 230.7 ± 83.2   187.4 ± 60.2 217.8 ± 82.8   0.38 0.11
VLDL cholesterol
(mg%) 29.19 ± 7.23 40.61 ± 18.1 40.54 ± 39.9 41.35 ± 29 49.97 ± 34.2 50.37 ± 30.83 0.20  0.56
HOMA -IR 0.89 ± 0.63  1.70 ± 0.91   1.89 ± 1.62   0.102  -
HOMA-S 6.13 ± 15.69  1.00 ± 0.96  1.70 ± 2.75   0.323 -

Data are mean ± SD, group differences of variables were compared using ONE WAY ANOVA

Table 2a: Univariate correlations with IGF-I and HOMA-S concentrations of normal subjects

 Normal subjects

 Fasting Post lunch

 IGF-I HOMA-S IGF-I

 r P r P r P

Age  0.79 0.009* �0.27 0.37 0.01 0.95

Glucose 0.18 0.56 �0.40 0.18 �0.46 0.12
Insulin 0.21 0.51 �0.55 0.05* 0.07 0.81
C-Peptide �0.36 0.23 �0.22 0.48 0.05 0.86
Triglycerides �0.55 0.06 0.28 0.36 �0.13 0.67
Total cholesterol 0.62 0.03* �0.19 0.53 0.46 0.13
HDL cholesterol 0.76 0.003* �0.14 0.65 0.08 0.79
LDL cholesterol 0.5 0.09 �0.21 0.49 0.49 0.11
VLDL cholesterol �0.55 0.06 0.28 0.36 �0.13 0.67
HOMA-IR 0.16 0.61 �0.49 0.1    
HOMA-S �0.36 0.24 -  -  -  - 
IGF-I -  -  -0.36 0.24 -  - 
rPearson�s correlation coefÞ cient, *P-value <0.05 is considered statistically signiÞ cant
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resistance estimated from HOMA-IR were statistically 
signiÞ cant in all subjects, while serum blood glucose, 
C-peptide, triglycerides, total lipid proÞ le, and IGF-I 
were not. The correlations of serum IGF-I and HOMA-S 
with all established components of insulin resistance 
syndrome are shown in the Table 2.

Discussion 

Serum IGF-I levels were positively correlated with 
insulin sensitivity and HDL cholesterol and negatively 

correlated with all components of insulin resistance 
syndrome. These relations of HOMA-S were similar 
in degree and directions to those observed with serum 
IGF-I levels. Furthermore, low levels of serum IGF-I 
were signiÞ cantly related with the metabolic syndrome 
according to the World Health Organization.[19] 
However, our Þ ndings are consistent with the animal 
studies demonstrating low insulin sensitivity in mice 
with liver speciÞ c deletion of the IGF-I gene that is 
reversed by treatment with recombinant human IGF-I.[3,4] 
Raised blood pressure and slightly enhanced plasma 
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Table 2b: Univariate correlations with IGF-I and HOMA-S concentrations of IGT subjects

       IGT subjects

    Fasting     Post lunch

  IGF-I    HOMA-S   IGF-I

 r  P  r  P r  P

Age  0.12  0.74  �0.55  0.12 �0.06  0.86

Glucose �0.03  0.92  �0.17  0.64 �0.31  0.41

Insulin 0.14  0.70  �0.87  0.002* �0.17  0.65

C-Peptide �0.55  0.12  �0.24  0.53 �0.22  0.56

Triglycerides �0.44  0.22  �0.23  0.53 �0.47  0.19

Total cholesterol �0.26  0.49  �0.02  0.95 �0.01  0.96

HDL cholesterol �0.41  0.26  0.04  0.91 0.001  0.99

LDL cholesterol 0.05  0.88  0.12  0.75 0.14  0.70

VLDL cholesterol �0.44  0.22  �0.23  0.53 �0.47  0.19

HOMA-IR 0.12  0.75  �0.88  0.001*  -  - 

HOMA-S �0.27  0.47 -  -  -  - 

IGF-I -   -   �0.27  0.47 -   - 
rPearson�s correlation coefÞ cient; *P-value <0.05 is considered statistically signiÞ cant

Table 2c: Univariate correlations with IGF-I and HOMA-S concentrations of newly detected diabetic subjects

      Newly detected diabetic subjects

    Fasting     Post lunch

  IGF-I    HOMA-S   IGF-I

 r  P  r  P r  P

Age  �0.32  0.19  �0.25  0.29 �0.35  0.14

Glucose 0.31  0.19  �0.19  0.43 �0.09  0.71

Insulin �0.40  0.09  �0.51  0.02* �0.15  0.54

C-Peptide �0.24  0.33  0.009  0.97 0.33  0.18

Triglycerides �0.08  0.72  �0.02  0.91 �0.04  0.84

Total cholesterol 0.48  0.04*  0.03  0.87 0.19  0.42

HDL cholesterol 0.07  0.75  �0.11  0.64 0.19  0.43

LDL cholesterol 0.51  0.03*  0.05  0.83 0.21  0.39

VLDL cholesterol �0.08  0.72  �0.02  0.91 �0.04  0.84

HOMA-IR �0.36  0.14  �0.52  0.02* -  -

HOMA-S 0.26  0.29  -   -  -  -

IGF-I -  -  0.26  0.29 -  -
rPearson�s correlation coefÞ cient; *P-value <0.05 is considered statistically signiÞ cant
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together, it was suggested that GH hypersecretion may 
be a major determinant of insulin resistance in subjects 
with low-plasma-IGF-I concentrations.

In conclusion, the present study indicates that serum IGF-I 
concentrations, particularly low levels, may be a useful 
marker for identifying subjects at risk of developing 
type-2 diabetes mellitus and possible cardiovascular 
complications. Especially, post-lunch serum IGF-I levels 
may be important in identifying the onset of type-2 
diabetes mellitus. The difference between fasting IGF-I 
and post-lunch IGF-I concentrations in IGT and type-2 
diabetes mellitus are directly proportionate, probably 
indicating nonutilization of IGF-I in post-lunch state. 
Further prospective and clinical intervention studies in 
large number of subjects are necessary to deÞ nitively 
prove this hypothesis.
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