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Leptin and C-peptide Level in North Indians in Relation to Subjects Underlying
Type Two Diabetes Mellitus
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ABSTRACT
Leptin is an adipocyte secreting hormone which regulate appetite and body weight more specially body fat stores. Its concentration
differs in various metabolic diseases, so the purpose of this study was to measure Leptin and C-peptide level in diabetic and healthy
subjects and find its association with anthropometry measurement and various metabolic indices. The study was conducted in SMS
hospital Jaipur. 150 type two diabetes mellitus and 150 healthy control age and sex matched were recruited for this study. BMI,
weight, height, waist circumference, hip circumference were measured and biochemical parameters fasting blood glucose, insulin,
lipids, leptin and C-peptide were measured. Total 150 control subjects (84 male and 66 female) and 150 diabetic subjects (86 male
and 64 female) with the mean age of (44.1±10.4) y for control subject and (44.12±8.50) y for diabetic subjects were recruited. BMI,
waist circumference, hip circumference were found significantly higher (p<0.05) in diabetic subjects than control group. Biochemical
parameters triglycerides, total cholesterol, insulin and C-peptide were found significantly higher (P<.05) in diabetic group whereas
serum leptin concentration was found significantly lower (p<.05) in diabetic subjects (11.54±5.47) than control subjects
(14.44±3.44). Serum leptin concentration was found significantly higher in women than men in both control and diabetic subjects.
The serum leptin was significantly correlated with BMI, Hip circumference, waist circumference, Insulin, HOMA-IR and C-peptide in
both control and diabetic subjects. The results of the study shows that Serum leptin concentration decreased in diabetic subjects
and leptin correlated positively with BMI, hip circumference and waist circumference. It was also correlated with insulin, HOMA-IR
and C-peptide. Serum C-peptide concentration increased in diabetic subjects.
Keywords: Leptin, C-peptide, Diabetes, Insulin, HOMA-IR.

INTRODUCTION

I

n the present scenario the prevalence of chronic, noncommunicable diseases is increasing day by day. About
18 million people die every year from cardiovascular
disease, for which diabetes and hypertension are major
predisposing factors1. It is estimated that diabetes affects
about 150 million people worldwide, and this figure is
expected to be doubled in the next 20 years2. T2DM is a
complex heterogeneous group of metabolic conditions
characterized by increased levels of blood glucose due to
3
impairment in insulin action and insulin secretion . Insulin
resistance refers to suppressed or delayed responses to
insulin. There are three defects in the onset of
hyperglycemia in T2DM: increased hepatic glucose
production, diminished insulin secretion, and impaired
insulin action4. The adipose tissue not only releases free
fatty acids but also hormones and cytokines such as
leptin, adiponectin, resistin, TNF-alpha etc. These
hormone and cytokines modify insulin action. Hence, the
role of obesity in the generation of insulin resistance and
subsequently leading to impaired glucose tolerance as
well as overt type 2 diabetes mellitus has been
5
established . Low circulating levels of insulin is compelling
6
for the anti-diabetic actions of insulin . The two
hormones namely leptin and insulin are producing the
respective adipose tissue signalling by changing the whole
dynamics of energy homeostasis7. Asian Indians are
particularly susceptible to develop diabetes mellitus8. It is
well established that leptin impairs insulin signalling and
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confers insulin resistance. Leptin replacement in
hypoleptinemic,
lipoatrophic
patients,
however,
improved glucose tolerance and decreased serum insulin
concentrations9, 10. This clearly suggests that leptin may
possess insulin sensitizing properties. Leptin is a crucial
hormone in the regulation of body weight, more
specifically of body fat stores11, 12. It is secreted by white
adipose cells, and is directly related to body fat content.
There is considerable inter individual variation in plasma
leptin concentrations among individuals with comparable
degrees of obesity, suggesting that other factors are
involved in the regulation of leptin production. Leptin
modulates immune system, reproduction, angiogenesis
and lipolysis13. Centrally, leptin is an essential component
of the feedback circuitry that integrates energy
homeostasis, primarily by modulating the hypothalamic
peptidergic network involved in energy intake and
expenditure14. Leptin improves glucose tolerance and
increases the expression of key enzymes, there by
influencing the rate of gluconeogenesis and
glycogenolysis
via
melancortin-dependent
and
15
independent pathways . Leptin is a critical signaling
molecule in the hypothalamus influencing appetite and
satiety. There is a positive correlation between the
circulating levels of leptin and adipocyte number and
16
size . Leptin levels have been found to be correlated
with fasting insulin levels, subcutaneous adipose tissue
and BMI, but not with glucose disposal in Asian-Indian
17
men . Hyperleptinaemia has been advocated as a
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component of the insulin resistance syndrome, and the
insulin–leptin axis may play a coordinating role in this
syndrome18. The great interest in C-peptide is due to the
limitations of the use of serum insulin as a measure of
insulin secretion. After its secretion in to the portal vein,
insulin passes through the liver where approximately 50%
of the insulin delivered is extracted19. C-peptide is
produced by a series of enzymatic cleavages of the
precursor molecules preproinsulin and proinsulin.
Preproinsulin, a precursor of proinsulin, is produced in
the endoplasmic reticulum of pancreatic β-cells in
response to elevated blood glucose levels in healthy
individuals; it is then cleaved by microsomal enzymes into
proinsulin. C-peptide is cleared by the kidney and has a
half-life of about 20 to 30 minutes compared to insulin
which is cleared through the liver and has a half-life of
about 3 to 5 minutes20.Because C peptide is secreted
from islet cells into the circulation in equimolar
concentrations with insulin and is not extracted by the
liver, many investigators have used C peptide levels as a
biomarker of β-cell function21.

Indexes

SUBJECTS AND METHODS

Anthropometry, biochemical parameters, leptin and Cpeptide in Control group and Diabetic group are
summarized in Table 1. The mean age of control group
was 44.1±10.4 years and that of diabetic group 44.12±8.5
years. Significant differences in BMI, waist circumference,
hip circumference, triglycerides, cholesterol and HDL,
were found between the two groups. The fasting blood
glucose and HOMA IR of diabetic group were significantly
higher whereas the leptin concentrations were found
lower (11.54±5.47) than the control group (14.44±3.44)
and C-peptide was found significantly higher in diabetic
patients (3.13±1.02) than the control group (2.18±1.41)
when compared with group 1 via independent t – test.

Subjects
Two group of subjects were recruited (1) Type 2 diabetes
mellitus which included 150 patients visiting
endocrinology OPD of SMS hospital Jaipur age 25 -65.
Patients with secondary Diabetes mellitus, other
endocrinopathies, Ischemic heart disease, Clinical
condition that influence insulin resistance, and patients
on drugs like steroids, pioglitazone, metformin and any
medication known to affect body composition were
excluded from the study. (2) Second group comprises 150
patients, age and sex matched healthy control group. The
study protocol was approved by Ethics Committee SMS
hospital Jaipur. Anthropometric measurements were
recorded for all patients. Height, weight, waist and hip
circumference were taken by standard procedures. Waist
to Hip ratio (WHR) was calculated as Waist circumference
(cm) divided by Hip circumference (cm). Body mass index
(BMI) was calculated using the formula: weight (kg)
divided by height in meters squared.
Biochemical assay
Blood samples were obtained by vein puncture after
overnight fasting (minimum 12 hours fasting) to estimate
the following biomarker: (1) Serum leptin and C-peptide
Concentrations enzyme- linked immunoassay (i) Avi Bion
Human Leptin ElISA Kit; Orgenium laboratories business
Unit Finland; (ii) Dia Metra C-peptide ELISA Kit. (2) Serum
insulin
was
estimated
by
chemiluminescent
immunometric assay using Immulite 2000 machine. (3)
Fasting Blood glucose, Serum lipid profile (Total
cholesterol, Triglycerides, HDL,) were measured using
commercial available kits (Recombigen, Anamol, Becon,
Logotech) on fully automated analyzer (AU400/Kopran).
LDL was calculated by fire wield formula. Serum was
stored at -20ºC for analysis of leptin and C-peptide.

The BMI was calculated as body weight (kg)/height (m)2.
Waist to Hip ratio (WHR) was calculated as Waist
circumference (cm) divided by Hip circumference (cm).
The homeostasis model assessment index HOMA-IR =
(fasting plasma glucose (mg/dl) x insulin (µU/ml)/405.) for
insulin resistance was calculated.
Statistical analysis
Statistical analysis was performed using IBM Statistical
Package for Social Sciences SPSS for windows (version 19,
Chicago, IL, USA). Means and standard deviations (SD)
were calculated for all parameters. The independent
sample t-test was used to compare the means of different
variables in the two groups. In addition, the Pearson
correlation coefficient (r) was used for correlation
analysis of leptin and C-peptide in Diabetic and Control
Group. For all statistically assessment a value of p < 0.05
was considered significant.
RESULTS

Table1: Anthropometry and biochemical parameter of
the study subjects (mean±SD)
Variables
N (Male/Female)
Age(yrs.)
2

BMI(Kg/m )

Total
Control

Diabetic

150

150

p

44.1±10.4

44.12±8.5

NS

23.45±2.4

26.52±4.39

0.000

WC(Cm)

82.28±12.67

94.37±11.08

0.000

HC(Cm)

87.96±12.79

98.13±11.7

0.000

WHR

0.93±0.096

0.96±.08

0.003

TG (mg/dl)

119.39±50.01

156.18±73.51

0.000

Cholesterol (mg/dl)

180.47±39.86

191.57±41.60

0.029

47.47±7.15

43.74±5.3

0.000

109.40±34.58

116.56±37.90

NS

HDL(mg/dl)
LDL
HOMAIR

1.05±0.84

2.6±2.1

0.000

Insulin(µU/ml)

4.66±3.60

6.5±5.15

0.0007

Glucose(mg/dl)

90.9±9.78

170.03±56.12

0.000

Leptin(ng/ml)

14.44±3.44

11.54±5.47

0.000

C-Peptide (ng/ml)
1.72±0.88
3.13±1.02
0.000
BMI= Body Mass Index; WC= Waist Circumference; HC= Hip
Circumference; WHR= Waist to hip ratio; TG= Triglycerides; HDL= High
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density lipoprotein; LDL= Low Density lipoprotein. P<0.05 is significantly
different.

The comparative study of diabetic male and diabetic
female and control male and control female was shown in
Table 2. No significant difference was found in
Anthropometry measurement in both diabetic and
Control male, female except Waist to hip ratio which

ISSN 0976 – 044X
showed significant difference in both diabetic male and
diabetic female and control male and control female. In
biochemical parameters HDL showed significant
difference in control male and female but no significant
difference was found in diabetic male and female. Serum
leptin level was found significantly higher in female
subjects in both diabetic and control.

Table 2: Gender based Anthropometry and biochemical parameter of the study subjects (mean±SD)
Variables

Diabetic male

N

Diabetic Female

P

Control male

Control female

p

86

64

84

66

45.71±8.42

45.78±9.61

NS

44.91±11.2

43.08±9.4

NS

BMI(Kg/m )

26.60±4.39

26.40±4.43

NS

23.49±2.42

23.39±2.48

NS

WC(Cm)

95.48±11.07

92.89±11.01

NS

83±12.65

81.38±12.73

NS

HC(Cm)

97.55±10.89

98.90±12.9

NS

86.83±11.59

89.37±14.11

NS

Age(yrs.)
2

WHR

0.98±.09

0.94±.061

0.002

0.95±0.09

0.91±0.09

0.007

TG (mg/dl)

160.09±76.06

150.94±70.18

NS

125.59±49.56

111.71±49.87

NS

Cholesterol (mg/dl)

201.08±34.78

194.72± 44.2

NS

178.24±42.99

183.23±35.73

NS

44.06±5.58

43.32±5.1

NS

45.92±7.36

49.39±6.4

0.002

113.28±37.22

120.97±38.65

NS

106.79±36.93

112.64±31.39

NS

HOMAIR

2.5±1.94

2.84±2.50

NS

1.09±0.77

1.003±0.92

NS

Insulin

6.4±5.45

6.6± 5.56

NS

4.76±3.27

4.54±4.01

NS

165.38±49.80

176.28 ± 63.51

NS

92.14±9.53

89.57±9.8

NS

10.55±5.07

12.88±5.73

0.009

13.35±2.20

15.80±4.16

0.0001

3.1±1.01

3.1± 1.05

NS

1.66±0.85

1.79±0.92

NS

HDL(mg/dl)
LDL

Glucose(mg/dl)
leptin(ng/ml)
C-peptide (ng/ml)

P<0.05 is significantly Significant. NS= Not significant

There was a strongly significant positive correlation of
Leptin with BMI (r=.828, p=.0001) hip circumference
(r=.254, p=.01), and waist circumference (r=.320,
p=.0001) in control and (r=.756, p=.0001), (r= .514,
p=.0001), (r=.522, p=.0001) in diabetic group was found.
There was No correlation found with waist to hip ratio in
both diabetic and control group as shown in Table 3.
Table 3: Correlation of leptin with Anthropometry in
diabetic and control group
Variables

Control

Diabetic

r

P

r

p

BMI

0.828

0.01

0.756

0.000

WC

0.254

0.001

0.514

0.000

HC

0.320

0.000

0.522

0.000

WHR

-0.06

0.465

-0.016

0.843

In metabolic variable leptin show significant positive
correlation with HOMA-IR (r=.197, p=.016) Insulin (r=.277,
p=.001) and C-peptide(r=.652, p=.000) in diabetic group.
Leptin also showed significant positive correlation with
HOMA-IR(r= .169, p=.038) and Insulin (r=.175, p=.032) in
control group although it is not as strong as showed in
Diabetic group. Leptin did not show any correlation with
HDL and LDL in both Control and Diabetic group as shown
in Table 4.
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Table 4: Correlation of leptin with biochemical parameter
in diabetic and control group
Variables

Control

Diabetic

r

P

r

p

HDL

0.146

0.07

0.09

0.275

LDL

0.104

0.205

0.110

0.179

HOMA IR

0.169

0.038

0.197

0.016

Insulin

0.175

0.032

0.277

0.001

C-peptide

0.699

0.00

0.652

0.000

DISCUSSION
In This present study we demonstrated serum leptin and
C-peptide concentration in diabetic patients against
control subjects. It was found that serum leptin
concentration was significantly lower in diabetic patients
and it also showed a positive correlation with body mass
index in both control and diabetic subjects. Leptin is an
adipose –derived hormone that has been shown to be
involved in pathways influencing the risk of cardiovascular
disease and diabetes22. It has been suggested that the
association between plasma leptin and diabetes may be a
manifestation of an underlying leptin resistance mediated
23
by obesity . Our results consistent with previous study by
24
ching chu chen, et al. Roden et al. found that both
type 1 and type 2 diabetic patients in good metabolic
control display lower basal plasma leptin concentrations
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than non-diabetic humans suggesting a potential role of
glycaemia for leptin secretion.25 However, the regulation
of serum leptin levels in humans is not well understood.
Some authors reported that serum leptin level increases
26, 27
as body fat mass increases
. Obese people have
increased level of leptin and it could be due to resistant
action of leptin on inhibition of food intake and increase
in energy expenditure28. Rohner-Jeanrenaud discussed
that if there is a defect in the leptin pathway in human
obesity, it could be due either to an inability of the leptin
to appropriately enter the central nervous system or to a
post-receptor defect in the subsequent leptin signaling
cascade. It is likely that the transmission of the signal will
involve many other molecules in the central nervous
system. Particularly prominent studies have focused on
neuropeptide Y and the proopiomelanocortin (POMC)
(MSH precursor) pathway29. Clement K et al. reported
that plasma leptin was significantly reduced in the
diabetic individual in morbidly obese subjects who were
in poor metabolic control30. Our study reported that
women have relatively high leptin concentration than in
men and this study is supported by Hellstroem; provides
evidence that gender differences in circulating leptin
levels are caused by two different mechanisms: a larger
adipose tissue mass and a higher production rate of leptin
per unit mass of adipose tissue in women than in men31.
Luukkaa et .al. found the strong evidence that the
testosterone is probably one of the most important
factors contributing to the lower serum leptin levels in
men compared with women32. Wabitsch reported that
testosterone
and
its
active
metabolite
dihydrotestosterone were able to suppress leptin
secretion and leptin messenger ribonucleic acid in
primary culture of human adipocytes, suggesting a direct
effect of testosterone at the level of adipocytes33 our
study reported significant positive correlation of leptin
with insulin, HOMAIR and C-peptide. Our study supported
by Radka Lichnovska34 and discussed that leptin could be
a mechanism by which increased adiposity increases
insulin resistance. Leptin antagonizes insulin signaling in
hepatoma cells, decreasing insulin-induced tyrosine
phosphorylation of IRS-1, a step leading to many of the
metabolic actions of insulin (glucose transport, kinase
pathway). Leptin also antagonizes the ability of insulin to
decrease mRNA encoding PEPCK, the enzyme catalyzing
the rate-limiting step in gluconeogenesis35. In our study
leptin significantly correlated with waist and hip
circumference and this result is consistent with the
finding of De courtesan36. The leptin mRNA levels and
secretion rates are higher in subcutaneous than in
visceral adipose tissue and positive correlation between
leptin and waist circumference may, therefore, reflect the
contribution of subcutaneous abdominal fat mass and
37
may link leptin with central obesity . In our study Cpeptide was that significantly increased in Diabetic
patients. The same findings was reported by bilal b
Abdullah38 and concluded that the fasting c-peptide levels
are useful in type 2 diabetic patients with poor glycaemic
control to assess the endogenous insulin reserve and to
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alter the modality of treatment. Insulin is secreted as proinsulin and subsequently cleaved into insulin and Cpeptide39. C-peptide is a marker of pancreatic insulin
synthesis, and several epidemiologic studies have utilized
C-peptide as an alternate biomarker to insulin because it
has a longer half-life than insulin and therefore is more
stable39. Our result did not show any correlation of leptin
with triglyceride, Total cholesterol, LDL cholesterol, and
HDL cholesterol in both control and diabetic patients. The
same result was reported by ali al-Sultan (2006) in normal
weight and obese Saudi adults40.
CONCLUSION
In conclusion our findings reported that serum leptin level
decreased in type two diabetes mellitus subjects. The
women have relatively high concentration of serum leptin
level than in men. Leptin level increased with body mass
index. Our findings of a strong association between leptin
and insulin sensitivity suggest an important role for leptin
in human metabolism. C-peptide increased in type two
diabetes mellitus and it is positively correlated with
leptin. C-peptide is also a marker of metabolic disease.
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