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INTRODUCTION
Insulin resistance, characterized by hyperinsulinemia, hyperglycemia 
and alterations in levels of adipokines, could lead to vascular 
endothelial dysfunction, an abnormal lipid prole, hypertension and 
vascular inammation, all of which promote the development of 
cardiovascular disease. Insulin is produced in the beta cells of the 
pancreatic islets. It is initially synthesized as a single-chain 86-amino 
acid precursor polypeptide, preproinsulin. Subsequent proteolytic 
processing removes the amino-terminal signal peptide, giving rise to 
proinsulin. Cleavage of an internal 31-residue fragment from 
proinsulin generates the C-peptide and the A (21 amino acids) and B 
(30 amino acids) chains of insulin, which are connected by disulphide 
bonds (Figure 1). The mature insulin molecule and C-peptide are 
stored together and co-secreted from secretory granules in the beta 
cells. Glucose is the key regulator of insulin secretion by the pancreatic 
beta cell, although amino acids, ketones, various nutrients, 
gastrointestinal peptides, and neurotransmitters also inuence insulin 
secretion [1]. 

Once insulin is secreted into the portal venous system, about 50% is 

degraded by the liver. Unextracted insulin enters the systemic 
circulation where it binds to receptors in target sites. Insulin binding to 
its receptor stimulates intrinsic tyrosine kinase activity, leading to 
receptor autophosphorylation and the recruitment of intracellular 
signalling molecules, such as insulin receptor substrates (IRSs). IRSs 
and other adaptor proteins initiate a complex cascade of 
phosphorylation and dephosphorylation reactions, resulting in the 
widespread metabolic and mitogenic effects of insulin [1].Fasting 
insulin levels have been reported to be higher in overweight/obese 
subjects as compared to normal weight subjects [2].It is also known 
that signicantly high insulin levels (hyperinsulinemia) with normal 
fasting blood glucose are features of insulin resistance which may 
further be implicated in the development of CVD [3].It is well 
documented that high levels of insulin are associated with elevated 
“connecting peptide” (C-peptide) levels as both are produced in 
equimolar amounts. C-peptide was initially considered an inert 
substance, but recent research ndings have proven that it is a 
biologically active peptide that affects various cell membranes, 
including endothelial, renal and nerve cells [2].

In general, C-peptide is produced by a series of enzymatic cleavages of 
the precursor molecules-preproinsulin and proinsulin (Figure 1).C-
peptide is composed of 31 amino acids and facilitates the correct 
folding of proinsulin to allow the cysteine disulphide bridges between 
the alpha chain and beta chain of insulin to form. Enzymatic cleavage 
of proinsulin by proconvertases and carboxypeptidases produces 
insulin and C-peptide which are released from beta cells into portal 
circulation. C-peptide has several conserved sequences despite some 
variability in different species, e.g. N-terminal acidic region, glycine 
rich central segment, and C-terminal pentapeptide [4].C-terminal 
pentapeptide gives full replacement of the entire molecule which is 
similar to other peptides with hormone function like gastrin and 
cholecystokinin. C-peptide is cleared by the kidney and has a half life 
of about 20-30 minutes compared to insulin which is cleared through 
liver and has a half life of about 3-5 minutes [5].The longer half life, 
renal clearance, and equimolar release of C-peptide make it an 
attractive proxy for estimating insulin secretion and beta cell function 
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ABSTRACT
Introduction: Globally, cardiovascular diseases (CVDs) are the leading cause of mortality owing to rapidly increasing incidence of obesity which 
in turn, is a well known risk factor for insulin resistance, diabetes mellitus (DM), dyslipidemia and hypertension. A common defect, insulin 
resistance, seen in both obesity and T2DM has been associated with higher levels of pancreatic hormones besides alterations in adipose tissue mass 
and metabolism. Elevated levels of pancreatic hormones namely insulin and C-peptide have been suggested to promote atherosclerosis thus posing 
greater risk of CVD for obese persons. The present study was planned to estimate and compare the fasting blood levels of  Aims and Objectives: 
pancreatic hormones – plasma insulin and serum C-peptide in type 2 diabetes mellitus patients and non-diabetic subjects with and without obesity.
Materials and Methods: A total of 400 subjects comprising 200 T2DM patients (with and without obesity) attending the OPDs and wards of 
Department of Medicine, M.M Institute of Medical Sciences and Research, Mullana, Ambala and 200 non-diabetic subjects (with obesity and 
without obesity) from amongst the attendants of the patients and volunteers in the age range of 30-70 years of either sex were selected for the study. 
In all the subjects included in the study, fasting plasma insulin and serum C-peptide levels were estimated using chemiluminescence immunoassay 
(CLIA) method. It was observed that both plasma insulin (p<0.001) and serum C-peptide (p>0.05) levels werehigher in obese than non- Results: 
obese diabetics. Similarly, obese non-diabetics showed signicantly higher fasting plasma insulin and serum C-peptide levels than their non-obese 
counterparts (p<0.001). Estimation of plasma insulin and serum C-peptide levels may help in early screening of subjects with positive  Conclusion:
family history of DM as well as obese persons thereby creating awareness about various lifestyle modications, which if implemented well in time 
may protect them against DM and its complications.
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FIGURE 1: a) Synthesis of 
insulin from preproinsulin.

 b) Structure of insulin.
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[6].Until the development of C-peptide assays, evaluation of beta cell 
function in insulin treated patients was impossible as insulin assay is 
unable to discriminate between secreted and injected insulin. Further, 
C-peptide determination is disturbed, to lesser extent, than insulin 
measurement by the presence of insulin binding antibodies and insulin 
analogues that the patient undergoing insulin therapy uses [7].Thus, 
plasma C-peptide concentrations provide an indirect measure of the 
endogenous insulin secretory reserve. 

Abdullah et al considered fasting C-peptide level of <0.6 ng/ml as an 
indicator of poor insulin reserve; thus suggesting the role of C-peptide 
as a useful guide in initiating therapy to prevent diabetic 
complications. The study also reported higher fasting C-peptide levels 
in the obese type 2 diabetics than in non obese diabetics. This increase 
in C-peptide levels was associated with increased plasma glucose due 
to insulin resistance inferring that majority of patients with elevated 
fasting blood sugar and fasting C-peptide levels were obese and also 
that obese patients were more insulin resistant than non obese 
[8].Number of other studies also observed that basal plasma glucose, 
insulin and C-peptide concentrations are higher in obese than non 
obese patients [2, 9]. So, the signicance of routine C-peptide testing in 
obese and individuals with poor glycemic control resides in 
assessment of endogenous insulin reserve and also in altering the 
treatment modality based on it. It may help in early screening of 
subjects with positive family history and in creating awareness about 
lifestyle modications and education to prevent obesity. Furthermore, 
the possible role of C-peptide as an additional biomarker in the 
prediction of the early development of CVD in obese subjects besides 
insulin has also been highlighted [2].

Keeping in view the above facts, the present study was planned to 
estimate and compare the fasting blood levels of pancreatic hormones 
– plasma insulin and serum C-peptide in T2DM patients and non-
diabetic subjects with and without obesity.

MATERIALS AND METHODS
The present study was conducted in the Department of Biochemistry, 
Maharishi Markandeshwar Institute of Medical Sciences and 
Research, Mullana, Ambala (Haryana). A total of 400 subjects in the 
age range of 30-70 years of either sex were selected for the study, out of 
which 200 patients were suffering from type 2 diabetes mellitus and 
200 were normal subjects (included as controls) from amongst the 
attendants of the patients and volunteers. Patients were diagnosed as 
diabetic according to the diagnostic criteria for diabetes mellitus issued 
by American Diabetes Association (ADA) [10]. All the subjects 
included in the study were divided into 4 groups in the following 
manner:

Group I: 100 subjects having T2DM and obesity.
Group II: 100 subjects having T2DM and no obesity.
Group III: 100 subjects having only obesity and no diabetes.
Group IV: 100 subjects having no obesity and no diabetes.

Anthropometric indices including height, weight, hip and waist 
circumference were measured while subjects were in the standing 
position and wearing light clothing without shoes. Body Mass Index 
(BMI) was calculated by dividing body weight (in kilograms) by 
squared height (in square metres) according to WHO procedure 
[11].Waist to Hip Ratio (WHR) was calculated as waist circumference 
divided by hip circumference.Informed consent, both in English as 
well as vernacular language, was taken from all the participants 
included in the study. The study was approved by Institutional Ethics 
Committee of M.M Institute of Medical Sciences and Research, 
Mullana, Ambala. 

EXCLUSION CRITERIA
1.  The patients suffering from type 1 diabetes mellitus, rheumatoid 

arthritis and coronary artery disease.
2.  The patients taking antioxidant drugs, corticosteroids, insulin.
3.  Pregnancy.
4.  Hyper or Hypothyroidism, Cushing syndrome or any other 

endocrinopathy besides diabetes mellitus.

Five milliliters (5 ml) of venous blood sample was collected in dry 
disposable syringe under aseptic conditions from ante-cubital vein of 
the subjects after an overnight fasting of 10-12 hours The plasma was 
separated for the estimation of fasting insulin levels while C-peptide 
levels were analyzed in the serum. Fasting plasma insulin and serum C-

peptide levels were measured by Chemiluminescence immunoassay 
(CLIA)[12] using CLIA VAST enabled kit (Monobind Inc. USA) 
supplied by Lilac Medicare Private Limited.

Statistical analyses were carried out using SPSS version 20.0 software. 
Descriptive statistics were calculated for different characteristics of 
the subjects. Student t-test and one-way ANOVA (Analysis of 
Variance) were used to compare the statistical differences between 
continuous variables.

RESULTS
The physical parameters of both type 2 diabetic and non-diabetic 
subjects with and without obesity, i.e. age and body mass index (BMI) 
were reported previously. Briey, the mean age (in years) of obese 
diabetics was lower than non-obese diabetics (50.68±9.41 vs. 
51.69±9.41) while the BMI in diabetic, obese subjects (32.4±2.84 
kg/m2) was higher than in non-obese subjects (23.55±1.77 kg/m2) 
with difference amongst two groups being statistically highly 
signicant (p<0.001). [13, Int JRecent Trends in Sci and 
Tech].Similarly, the mean age (in years) of obese, non-diabetics 
(48.17±11.71) was comparable to that of non-obese, non-diabetics 
(48.49±11.26). In addition, there was statistically highly signicant 
difference in BMI (kg/m2) amongst obese and non-obese, non-
diabetics; BMI being higher in obese subjects (33.39±5.12 vs. 
23.6±0.96). Table 1 shows levels of plasma insulin and serum C-
peptide in obese and non-obese type 2 diabetic subjects.

TABLE 1: PLASMA INSULIN AND SERUM C-PEPTIDE IN 
DIABETIC SUBJECTS

Plasma insulin levels were signicantly higher (p<0.001) in obese 
diabetics while serum C-peptide levels were insignicantly higher 
(p>0.05) in obese group as compared to non-obesediabetic subjects.

Furthermore, the obese non-diabetics also showed signicantly higher 
plasma levels of insulin than non-obese subjects without diabetes 
(p<0.001) [Table 2]. Similarly, serum C-peptideconcentration was 
found to be higher in obese as compared to non-obese diabetic subjects 
and the difference was found to be statistically highly signicant 
(p<0.001).

TABLE 2: PLASMA INSULIN AND SERUM C-PEPTIDE IN 
NON-DIABETIC SUBJECTS

Analysis of Variance (ANOVA) revealed statistically highly 
signicant difference amongst mean insulin and C-peptide levels of 
subjects included in four groups under study with F =9.517 (p<0.001) 
and 19.14 (p<0.001) for insulin and C-peptide, respectively.

DISCUSSION
The age of diabetic subjects, both with and without obesity, was almost 
comparable with difference between two groups being statistically 
insignicant. A notable difference was found between obese and non-
obese diabetics in terms of their BMI. The fasting plasma glucose 
levels were higher in non-obese than obese diabetics and the difference 
between the two groups was found to be statistically signicant 
(p<0.05) as reported previously [13]. Paradoxically, obese, type 2 
diabetics had signicantly higher fasting plasma insulin levels than 
non-obese diabetics clearly indicating the presence of severe 
hyperinsulinemia and subsequent insulin resistance in obese than non-
obese (Table 1). This nding pertaining to low insulin levels in non-
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PARAMETER DIABETIC, 
OBESE 

SUBJECTS
(N=100)

Mean ± SD

DIABETIC, 
NON-OBESE 
SUBJECTS

(N=100)
Mean ± SD

p-value

INSULIN (µIU/ml) 11.94 ± 8.07 8.2 ±  6.68 p< 0.001

C-PEPTIDE
(ng/ml)

2.51 ±1.60 2.26 ± 1.21 p>0.05

PARAMETER NON-DIABETIC, 
OBESE 

SUBJECTS
(N=100)

Mean ± SD

NON-DIABETIC, 
NON-OBESE 
SUBJECTS

(N=100)
Mean ± SD

p-value

INSULIN 
(µIU/ml)

12.81 ± 8.60 7.84 ±  4.04 p< 0.001

C-PEPTIDE 
(ng/ml)

2.71 ± 1.57 1.42± 0.39 p< 0.001



obese diabetics is in accordance with the ndings of Barma et al who 
also reported lower insulin levels in lean type 2 diabetics than in obese 
diabetics [14]. Snehalatha et al conducted a study which analyzed the 
insulin secretion in Asian Indians and observed lesser insulin levels in 
non-obese compared to obese thereby suggesting that obese patients 
are hyperinsulinemic [15]. Obese diabetics had elevated C-peptide 
levels than non-obese but there was no signicant difference in C-
peptide levels between obese and non-obese diabetics (p>0.05) as 
revealed in Table 1. This again conrmed that obese patients are 
hyperinsulinemic. Similar results were reported by Abdullah et al and 
Barma et al [8, 14]. Even Jones et al also observed that plasma insulin 
and C-peptide concentrations are higher in obese than non-obese 
subjects [16]. Insignicant difference in C-peptide levels despite 
higher insulin levels observed in obese than non-obese diabetic 
patients may be due to excess extraction of insulin by the liver.

The mean age of obese, non diabetics was comparable to that of non 
obese, non diabetics. In addition, there was statistically highly 
signicant difference in BMI amongst obese and non obese, non 
diabetics; BMI being higher in obese subjects. The fasting plasma 
glucose levels were well within the normal range for both obese as well 
as non obese subjects without diabetes [13].Furthermore, differences 
in fasting plasma insulin levels while comparing obese and non obese, 
non diabetics were found to be statistically highly signicant in our 
study (p<0.001) (Table 2). These ndings were similar to those 
observed by Carnethon et al in their study on Black and White adults 
and Urbanavicius et al while working on pre-diabetes and early type 2 
diabetes [17, 18]. Interestingly, it is also known that signicantly high 
insulin levels (hyperinsulinemia) with normal FPG, as seen in obese 
individuals are features of insulin resistance which may further be 
implicated in the development of CVD [3]. 

It is well documented that high insulin levels are associated with 
elevated C-peptide levels as both are produced in equimolar amounts 
but the signicance of C-peptide estimation in obese individuals lies in 
its ability to assess endogenous insulin reserve which can help in early 
screening of subjects with positive family history and thus, creating 
awareness about lifestyle modications to prevent obesity-related 
disorders in the future. Keeping in view the above fact, the serum C-
peptide levels were estimated and compared between obese and non 
obese, non diabetic subjects. The serum C-peptide levels were found to 
be signicantly higher in obese than non obese, indicating insulin 
resistance. These ndings were similar to those obtained in study done 
by Abdullah et al and Abdullah BB et al [2, 8].

CONCLUSION
The higher fasting plasma insulin levels in obese diabetics as well as 
non-diabetics than non-obese diabetic and non-diabetic subjects 
clearly indicates the presence of severe hyperinsulinemia and 
subsequent insulin resistance in obese subjects. The notion was further 
conrmed by the elevated levels of serum C-peptide observed in obese 
subjects, both with and without T2DM in comparison to non-obese 
diabetics and non-diabetics. Therefore, determination of insulin and C-
peptide in obese individuals may guide in assessing the risk of 
developing insulin resistance and thereafter, diabetes and CVD in such 
individuals. This implies that suitable preventive measures in terms of 
lifestyle modications, if implemented, in such high-risk subjects, 
may protect them against DM and its complications.
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