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Abstract: The prevalence of obesity among the children has dramatically increased.
The serum C-peptide and its correlation with biochemical, clinical and anthropometric
parameters were evaluated in 296 children and adolescents(103 control, 96 obese, 97
overweight) of age group 10-17 years. The levels of serum C-peptide were measured
by ELISA. Serum C-peptide levels were found to be significantly elevated in both
overweight and obese children than controls. Serum C-peptide levels positively
correlated with BMI, WHR, serum insulin, HOMA-IR, total cholesterol, triglycerides,
LDL-c, systolic and diastolic blood pressure. Fasting glucose levels were found to be
negatively correlated with serum C-peptide levels. HDL-c levels were non-significant
among the study groups. Elevated serum C-peptide levels have been associated with
atherogenic risk factors including increased triglycerides and high blood pressure.
Keywords: Serum C-peptide, Overweight, Obesity, Metabolic Syndrome,
Cardiovascular Diseases.

INTRODUCTION

Reports from different parts from India suggested rising trend prevalence in
childhood overweight and obesity. Several studies have reported the role of various
biochemical parameters in the early detection of insulin resistance, dyslipidemia and
cardiovascular diseases among obese children and adolescents. There is compelling
evidence that, obesity is a risk factor for insulin resistance, metabolic syndrome and
atherosclerotic coronary heart diseases in children [1].

Unfortunately, systemic data for children and
adolescents for the early prediction of insulin resistance
and cardiovascular diseases is scarce. There is now
evidence that, atherosclerotic  changes  start
pathologically in coronary arteries during childhood [2].
Several studies have mentioned that measurement of
serum C-peptide levels predicts future risk of
cardiovascular events and death regardless of the
presence of diabetes [3-6]. C-peptide is the connecting
peptide, which is made when proinsulin is split into
insulin and C-peptide. Insulin and C-peptide are
secreted equimolar amounts in both pancreas and
circulation. Serum C-peptide test can be used to
monitor beta cell activity. C-peptide stimulates Na*- K*
ATPase and endothelial nitric oxide synthase activities.
C-peptide level does not affect the blood sugar level in
the body. It influences the disaggregation of insulin,
probably by binding to insulin oligomers with
dissociation constants in the micromolar range [7].
Also, it has been found that C-peptide may have
proatherogenic effects such as stimulation of monocytes
and T-cell chemotaxis [8]. Unfortunately, the potential

relationship between serum C-peptide, anthropometric
and biochemical parameters has not been extensively
reported in earlier studies especially in overweight and
obese children in Indian population. Number of novel
cardiovascular risk factors has recently been described
in adults, only sparse information is available with
regard to children and adolescents.

The study was undertaken to elucidate the
relationship between serum C-peptide and biochemical,
anthropometric parameters in overweight and obese
children of Indian population and their risk of
cardiovascular diseases. The focus of the paper is to
identify children who are at risk of insulin resistance at
an early stage to prevent future development of
metabolic syndrome and cardiovascular diseases.

EXPERIMENTAL SECTION/ MATERIALS AND
METHODS

The study group consists of 296 school going
children with in the age group of 10-17 years from
different schools in Chennai and Jabalpur were enrolled
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as study participants. Informed written consent from the
parents and children were obtained before the start of
the study. A detailed questionnaire regarding medical
history of the parents and children were recorded. This
study was approved by institutional ethics committee.
Overweight and obese children were included. Children
with secondary causes of obesity, insulin dependent
diabetes mellitus and insulin independent diabetes
mellitus and children with relevant drug treatment were
excluded. Anthropometric measurements such as
height, weight, body mass index (BMI) and waist to hip
ratio (WHR) were recorded. Weight was measured
using a beam balance to the nearest centimeter using a
tape stuck to the wall. Abdominal girth was measured at
the level of umbilicus with the subject relaxed and in a
standing posture. Hip girth was measured at the widest
point of the hips at the level of the greater tronchanter
with the patient standing with the both feet together.
Waist to hip ratio was calculated from these
measurements. Children with >85" percentile for age
and gender were considered as overweight and children
with >95" percentile for age and gender were
considered as obese by using centers for disease control
and prevention growth charts. Blood pressure levels
were also recorded for all children using mercury
sphygmomanometer.

12 hours fasting venous blood samples were
collected from all the children, serum separated and the
samples were stored at -20% until analysis. Serum C-

peptide and serum insulin levels were measured using
ELISA kit (Monobind Inc USA). Lipid profile which
includes total cholesterol (TC), low density lipoprotein
cholesterol  (LDL-c), high density lipoprotein
cholesterol (HDL-c) were analysed by enzymatic
methods using auto analyzer. Serum triglycerides (TG)
by GPO-PAP method and fasting glucose by GOD-
POD method. Homeostasis model assessment (HOMA-
IR) calculated by following formula.

HOMA-IR = fasting insulin (WU/mL) x fasting
glucose (mmol/L) / 22.5

Statistical Analysis

Statistical analysis of the data was carried out
using SPSS package 9.0. Results are expressed as Mean
+ SD and p value of < 0.05 was considered to be
statistically significant. Data of significance among the
groups were analysed by one way ANOVA and
Bonferroni comparison. Correlation analysis was done
by Pearson’s correlation at 5% level of significance.
Since some of the parameters are slightly skewed, we
have applied logarithmic transformations for all
statistical analysis.

RESULTS

We studied 296 subjects (103 control, 96 obese
and 97 overweight children and adolescents. The
biochemical and anthropometric characterstics of study
subjects are shown in table 1.

Table-1: Comparison between controls and overweight, obese children

Parameter Group | Group 1l Group 111

Age 14.45+1.36 13.93+1.47 14.07+1.56
BMI(Kg/m?) 18.04+2.14 | 24.09+1.42" | 28.35+2.56™
WHR 0.85+0.09 0.99+0.13™ 1.02+£0.13"
SystolicB.P(mmHg) 117.5745.51 | 120.52+7.13" | 124.48+8.81"
DiastolicB.P(mmHg) | 75.44+6.68 77.94+9.01 NS | 76.56+9.04 NS
TC(mg/dl) 140.93+18.22 | 151.93+21.76™ | 164.19+22.05™
TG(mg/dl) 75.72+26.85 | 90+32.31f 103.26+36.18"™
LDL-C(mg/dl) 87.93+12.27 | 90.70+£12.28 NS | 92.57+12.34 NS
HDL-C(mg/dl) 39.46+4.83 38.99+4.03 NS | 38.36+3.46 NS
Fasting glucose(mg/dl) | 87.83+6.55 81.98+6.16™ 80.97+6.5™
C-peptide(ng/mL) 1.39+0.85 3.34+1.29* 2.57+1.02*
Insulin(uU/mL) 3.43+£2.78 20.13+£8.37* 13.94+5.88*
HOMA-IR 0.74+0.59 4.02+1.68* 2.85+1.26*

**P<0.001; ¥P<0.05; NS-non - significant. < 0.05 (Control Vs Other Groups)
Group | — Healthy Children and Adolescents
Group Il — Obese Children and Adolescents
Group 111 — Overweight Children and Adolescents

The mean serum C-peptide levels were
significantly higher in obese (3.34 £ 1.29 ng/mL),
overweight (2.57 £ 1.02 ng/mL) (p<0.001) than in
control children (1.39 £ 0.85 ng/mL). Serum insulin,

HOMA-IR were found to be significantly elevated in
obese and overweight children than controls.

The mean levels of serum C-peptide, insulin
and HOMA-IR in boys and girls of different groups are
summarized in table 2.
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Table-2: Mean levels of C-peptide, insulin and HOMA-IR in boys and girls of different groups

Group | (N =103) Group Il (N=96) Group Il (N=97)
Boys(55) | Girls(48) | Boys(54) | Girls(42) Boys(47) Girls(50)
C-peptide(ng/mL) | 1.33+0.72 | 1.44+0.98 | 3.14+1.24 | 3.6+1.32 | 2.65+1.08 2.49+0.94
Insulin(uU/mL) 3.03+2.58 | 3.87+2.94 | 18+7.19" | 22.86+9.05" | 13.63+6.35" | 14.22+5.45"
HOMA-IR 0.64+0.54 | 0.84+0.63 | 3.57+1.44 | 4.6+1.78 | 2.75+1.38 2.93+1.13

**P<0.001; ¥P<0.05; NS-non - significant. < 0.05 (Control Vs Other Groups)

Group | — Healthy Children and Adolescents
Group Il — Obese Children and Adolescents
Group Il — Overweight Children and Adolescents

Among the overweight and obese children and
adolescents the parental history of obesity,
hypertension, diabetes and heart diseases was 56%,
35%, 33% and 8.5% respectively.

The relationship between serum C-peptide,
biochemical and anthropometric parameters for all the
subjects are shown in table 3.

Table-3: Pearson’s correlation analysis between Serum C-peptide and anthropometric, biochemical
variables of the study subjects

Overall (296) | pvalue Boys(156) | pvalue | Girls pvalue

rho rho (140) rho
BMI(Kg/m?) 0.64 0.001 0.60 0.001 0.69 0.001
WHR 0.37 0.001 0.42 0.001 0.34 0.001
Systolic B.P(mmHg) | 0.34 0.001 0.38 0.001 0.30 0.001
Diastolic B.P(mmHg) | 0.07 0.209 0.006 0.93 0.12 0.11
HOMA-IR 0.68 0.001 0.64 0.001 0.71 0.001
TC(mg/dl) 0.30 0.001 0.28 0.001 0.33 0.001
TG(mg/dl) 0.30 0.001 0.32 0.001 0.29 0.002
LDL-C(mg/dl) 0.21 0.001 0.15 0.004 0.27 0.001
HDL-C(mg/dl) -0.08 0.11 -0.05 0.50 -0.13 0.11
Glucose(mg/dl) -0.23 0.001 -0.23 0.001 -0.25 0.001
Insulin(uU/mL) 0.42 0.001 0.40 0.001 0.44 0.001

DISCUSSION

The prevalence of obesity is escalating at an
alarming rate to epidemic propotions throughout the
developing countries. There is a great deal of evidence
that metabolic syndrome is increasing rapidly in both
obese and overweight children. It is estimated that there
is each half unit increase in BMI associated with a 50%
increase risk of insulin resistance syndrome among
overweight children and adolescents [9]. The present
study aims to analyse the relationship between serum C-
peptide and other biochemical, anthropometric
parameters in obese and overweight children.

From this study we found significantly
elevated serum C-peptide levels in both overweight and
obese children. The available information suggests that
both C-peptide and insulin secreted in equimolar
quantities into the portal vein and also investigation
data confirms the proatherogenic effects such as
stimulation of monocytes and T-cell chemotaxis [8]. In
our study we observed significantly elevated BMI,
WHR in both obese and overweight children and
adolescents than controls, this is natural as per the
diagnostic criteria. Serum insulin, HOMA-IR levels
significantly elevated in in both obese and overweight
children and adolescents than controls. C-peptide levels

positively correlated with insulin and HOMA-IR. Our
observations raise the possibility that childhood obesity
and overweight often precedes the hyperinsulinemic
state and fasting insulin levels with elevated HOMA-IR
determine insulin resistance and our data agree with
those reported by others [10-12].

The results of our study show positive
correlation between serum C-peptide and BMI, WHR.
This finding implies that BMI plays an important role in
variations of C-peptide levels and it is associated with
abdominal obesity than with peripheral obesity and our
results are in alignment with earlier studies [13,14].
However, the other author has not reported the
significant effect of C-peptide in adipose tissue [15].
The results of our study are also consistent with other
studies that have shown positive relationship between
serum C-peptide and both systolic and diastolic blood
pressure.  Current  data  suggest that the
pathophysiological role of C-peptide in obesity related
hypertension [5].Total cholesterol, triglycerides, LDL-c
was positively correlated with serum C-pepide levels.
Whereas glucose levels negatively correlated. No
significant correlation was observed between serum C-
peptide levels and HDL-c levels. Collectively, these
data suggest that the role of C-peptide in the
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pathogenesis of dyslipidemia, cardiovascular and
coronary artery disease related mortality and our results
are in alignment with earlier reports [16,17].

On further comparison between boys and girls
in all the groups, the higher levels of serum C-peptide
were seen in girls than boys. The mechanism behind
these apparent gender differences remains unclear,
although the role of female sex hormones suspected.
The observations are consistent with those reported by
others [18]. Another interesting finding of the present
study was, we identified 14 children (10 girls, 4 boys)
and adolescents with features of metabolic syndrome
according to international diabetes federation criteria
[19]. Which were not identified in them earlier and the
clinical reports were distributed to the school
authorities. Most of these children showed BMI >30
with higher TG >150 mg/dl and lower HDL-c
(<40mg/dl for females, <50 mg/dl for males). The
potential limitation of our study was lack of puberty
assessment in children, measurement of in detail dietary
habits of children.

CONCLUSION

The present data confirm consistent positive
correlation between serum C-peptide  and
anthropometric, clinical and biochemical parameters in
all the groups. We observed negative correlation
between serum C-peptide and fasting glucose levels.
HDL-c levels were found to be non significant among
all the groups. Our observations strongly suggest that
obesity may be instrumental in bringing out symptoms
of various metabolic disorders. Elevated serum C-
peptide levels helps in predicting increased risk of
cardiovascular events and death regardless of the
presence of diabetes. Further studies are being planned
on larger sample size to draw a healthy conclusion for
clinical management of the patients.

ACKNOWLEDGEMENTS

The authors thank the Principals of Velammal
School, Assumption School in Chennai, and Delhi
Public School in Jabalpur, India, and the parents and
children for their co-operation and encouragement in
carrying out the study. Heartfelt thanks to the Technical
staff of the Department of Biochemistry at Sukh Sagar
Medical College & Hospital and International centre for
Cardio-Thoracic and Vascular Diseases Chennai, India.
We wish to thank Mr.Raja, Statistician, and Dr.S.Khare,
Dean, Sukh Sagar Medical College and Hospital,
Jabalpur, India for all their support and co-operation in
the conduction of this study.

REFERENCES

1. Freedman DS, Dietz WH, Srinivasan SR, Berenson
GS. The relation of overweight to cardiovascular
risk factors among children and adolescents: the
Bogalusa Heart Study. Pediatrics. 1999 Jun;103(6
Pt 1):1175-82.

2.

10.

11.

12.

13.

Berenson GS, Srinivasan SR, Bao W, Newmann
WP, Tracy RE, Wattigney WA. Association
between multiple cardiovascular risk factors and
atherosclerosis in children and young adults: the
Bogalusa Heart Study. N Engl J Med. 1998 Jun
4;338(23):1650-6.

Chen CH, Tsai ST, Chou P. correlation of fasting
serum C-peptide and insulin with markers of
metabolic syndrome-x in a homogenous Chinese
population with normal glucose tolerance. Int J
Cardiol 1999 Feb;68:179-86.

Haban P, Simoncic R, Zidekova E, Ozdin L. Role
of fasting serum C-peptide as a predictor of
cardiovascular risk associated with the metabolic x-
syndrome. Med Sci Monit. 2002 Mar;8(3):CR175-
9.

Chen CH, Tsai ST, Chuang JH Chang MS, Wang
SP, Chou P. Population — based study of insulin, C-
peptide and blood pressure in Chinese with normal
glucose tolerance. Am J Cardiol. 1995 Sep
15;76(8):585-8..

Kim ST, Kim BJ, Lim DM, Song IG, Jung JH, Lee
KW, Park KY, Cho YZ, Lee DH, Koh GP. Basal
C-peptide level as a surrogate marker of subclinical
atherosclerosis in type 2 diabetic patients. Diabetes
& metabolism journal. 2011 Feb 1;35(1):41-9.
Shafgat J, Melles E, Sigmundsson K, Johansson
BL, Ekberg K, Alvelius G, Henriksson M,
Johansson J, Wahren J, Jornvall H. Proinsulin C-
peptide elicits disaggregation of insulin resulting in
enhanced physiological insulin effects. Cellular and
Molecular Life Sciences. 2006 Aug 1;63(15):1805.
Marx N, Walcher D, Raichle C, Aleksic M, Bach
H, Grib M, Hombach V, Libby P, Zieske A,
Homma S, Strong J. C-peptide colocalizes with
macrophages in early arteriosclerotic lesions of
diabetic subjects and induces monocyte chemotaxis
in vitro. Arteriosclerosis, thrombosis, and vascular
biology. 2004 Mar 1;24(3):540-5.

Steinberger J, Moorehead C, Katch V, Rocchini
AP. Relationship between insulin resistance and
abnormal lipid profile in obese adolescents. The
Journal of pediatrics. 1995 May 31;126(5):690-5.
Bonora E, Zavaroni I, Bruschi F, Alpi
O, Pezzarossa A, Guerra L, Dall'Aglio E, Coscelli
C, Butturini U. Peripheral hyperinsulinemia of
simple obesity: pancreatic hypersecretion (or)
impaired insulin metabolism. J Clin Endocrinol
Metab. 1984 Dec;59(6):1121-7.

Laakso M. How good a marker is insulin level for
insulin resistance? Am J Epidemiol. 1993 May
1;137(9):959-65.

Cutfield WS, Jefferies CA, Jackson WE, Robinson
EM, Hofman PL. Evaluation of HOMA and
QUICKI as measures of insulin sensitivity in

prepubertal  children. Pediatr  Diabetes. 2003
Sep;4(3):119-25.
Reaven GM, Chen YD, Hollenbeck CB, Sheu

WH, Ostrega D, Polonsky KS. Plasma insulin, C-
peptide and proinsulin concentration in obese and

Available online at https://saspublishers.com/journal/sjams/home

38


https://saspublishers.com/journal/sjams/home
https://www.ncbi.nlm.nih.gov/pubmed/10353925
https://www.ncbi.nlm.nih.gov/pubmed/9614255
https://www.ncbi.nlm.nih.gov/pubmed/11887031
https://www.ncbi.nlm.nih.gov/pubmed/7677082
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonora%20E%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zavaroni%20I%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bruschi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alpi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alpi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pezzarossa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guerra%20L%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dall%27Aglio%20E%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coscelli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coscelli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butturini%20U%5BAuthor%5D&cauthor=true&cauthor_uid=6386838
https://www.ncbi.nlm.nih.gov/pubmed/6386838
https://www.ncbi.nlm.nih.gov/pubmed/6386838
https://www.ncbi.nlm.nih.gov/pubmed/8317453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cutfield%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=14655269
https://www.ncbi.nlm.nih.gov/pubmed/14655269

Srinivasa Nageswara Rao G & E Sruti., Sch. J. App. Med. Sci., Jan 2018; 6(1A): 35-39

non-obese individuals with varying degrees of
glucose tolerance. J Clin Endocrinol Metab. 1993
Jan;76(1):44-8.

14. Jernstrom H, Barrett-Connor E. Obesity, weight
change, fasting insulin, proinsulin, C peptide, and
insulin-like growth factor-1 levels in women with
and without breast cancer: the Rancho Bernardo
Study. J Womens Health Gend Based Med. 1999
Dec;8(10):1265-72.

15. Kitabchi AE. Proinsulin and C-peptide: A review.
Metabolism.1977May; 26(5):547-587.

16. Reimann M, Schutte AE, Huisman HW, Schutte R,
van Rooyen JM, Malan L, Malan NT, Schwarz PE.
Ethnic differences in C-peptide secretion but not in
non-esterified fatty acid metabolism in pre-
menopausal women with and without abdominal
obesity. Diabetes research and clinical practice.
2007 Jul 31;77(1):62-9.

17. Jin-young Min and Kyoung-bok Min. Serum C-
peptide levels and risk of death among adults
without diabetes mellitus. CMAJ. 2013 Jun 11;
185(9): E402—-E408.

18. Yoshihide  Asato, Keisuke  Katsuren, Tadashi
Ohshiro, Kazuhide Kikawa, Tadao
Shimabukuro, Takao Ohta. Relationship between
lipid abnormalities and insulin resistance in
Japanese school children. Arterioscler Thromb
Vasc Biol 2006 Nov; 26:2781-2786.

19. IDF Press Conference. The IDF Consensus
worldwide definition of the metabolic syndrome.
Available from: URL:
http://www.idf.org/webdata/docs/IDF-Meta
syndrome _ definition.pdf.(Accessed 3 february
2006).

Available online at https://saspublishers.com/journal/sjams/home



https://saspublishers.com/journal/sjams/home
https://www.ncbi.nlm.nih.gov/pubmed/8421101
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jernstr%C3%B6m%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
https://www.ncbi.nlm.nih.gov/pubmed/10643834
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3680586/

