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Abstract
Background: Type 2 diabetes mellitus is a significant 
health issue throughout the world particularly in South-
East Asia due to its complications, such as those related to 
metabolism and the cardiovascular system. Type 2 DM is 
characterized by insulin resistance and a relative insulin 
deficiency. A measure of the pancreas' ability to secrete 
endogenous insulin is the serum C-peptide concentration. 
Patients with Type 2 DM and elevated BMI have higher 
levels of HbA1c and C-peptide. The aim of the study was 
to evaluate the correlation between C-peptide, HbA1c and 
BMI in T2 DM patients.
Materials and methods: This cross sectional comparative 
study was conducted in the Department of Biochemistry 
and the Department of Endocrinology, Chattogram 
medical college hospital from 1st July 2018 to 30th June 
2019. A total of 150 study populations were enrolled, of 
which 50 healthy control subjects (Group B) and 100 T2 
DM patients (Group A) that met the enrollment criteria. 
Data were collected by using a pre tested structured 
questionnaire containing all the variables of interest. The 
variables studied included age, sex, height, weight, BMI, 
plasma glucose, C-peptide, HbA1c.
Results: The average BMI of the cases in this study was 
26.75 kg/m2, which was higher than the mean BMI of the 
controls (23.42 kg/m2). The mean HbA1c of group A 
(7.80%) was significantly raised than group B (5.17%). 
The mean C-peptide levels in group A was significantly 
higher than those in group B, 1.67 mmol/l and 0.55 
mmol/l, respectively. About 97% of the participants in 
Group A exhibited elevated serum C-peptide levels, 
compared to 30% of the subjects in Group B.
Conclusion: In contrast to glycemic state, C-peptide 
appears to be a better indicator  of endogenous insulin 
production and/or insulin resistance. These findings 
provide support to the notion that raising serum C-peptide 
and HbA1c levels can aid in the detection and 
management of diabetes mellitus, particularly when 
combined with oral hypoglycemic medications.
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Introduction
Type-2 diabetes mellitus is a disorder of 
metabolism characterized by chronic 
hyperglycemia and hyperlipidemia and other 
complications. It may be due to deficiency or 
defect of functions of insulin. The incidence of DM 
is increasing in the last few years in this 
subcontinent including Bangladesh which is about 
12.5% and prevalence is 2.4% in rural and 11.6% in 
urban population.1 Data  showed that in 2018, an 
estimated 422 million adults are living with 
diabetes in the world. About 1.5 million deaths 
was occurred in 2016 due to DM. Although not 
suffered from DM higher than optimal blood 
glucose caused an additional 2.2 million death, 
due to increase  the risks of cardiovascular and 
others diseases.2

The main pathology of Type 2 DM isinsulin 
resistance with relative insulin deficiency.3,4 
Proinsulin split into C-peptide (Connecting 
peptide) and insulin before it releasing from 
pancreatic beta cell. C-peptide can be estimated in 
place of insulin to measure the endogenous insulin 
secreting capacity of pancreatic  β−cells. Insulin is 
secreted as proinsulin which has A chain and B 
chain  and connected by  connecting peptide or C-
peptide, is a short amino acid polypeptide. It is 
produced in equimolar amounts to endogenous 
insulin but is excreted at a more constant rate over 
a- longer time.5,6 C-peptide is a widely used to 
measure of B cells functions.  There are some  
limitations  of the use of serum insulin as measure 
of insulin  secretion, so the great interest in C-
peptide measurement. Insulin after secretion into 
the portal vein, pass through the liver where 
approximately 50%  of the secreted  insulin are 
under goes first pass metabolism. So peripheral 
insulin concentrations are less than the actually 
secreted insulin by the pancreatic beta cells.7,8  It 
is unable to discriminate between secreted and 
injected insulin as they are structurally same. So 
evaluation of beta cells function in insulin treated
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patients is not possible with insulin assay. But C-
peptide is not altered  by liver and its estimation 
can determine the actual endogenous insulin 
secretion accurately and discriminate injected 
insulin.9,10

HbA1c or glycated hemoglobin is produced in 
patients with persistence hyperglycemia by  
nonenzymatic glycosylation of hemoglobin. 
HbA1c represent the  integrated value of glucose 
over the preceding  6-8 weeks and providing 
additional criterion for assessing glucose control. 
In health it is  about 4-6%.11

HbA1c act  as indicator for estimation of the 
mean  blood glucose level and also  predicts the 
risk of  complication of DM patients. It may be 
suggested for diagnostic  criteria for to detect 
more diabetic and pre diabetic cases than fasting 
blood glucose or OGTT.12

Accumulation of excess adipose tissue is known 
as obesity. However, in the presence of nutritional 
abundance and sedentary life style and 
importantly influenced by genetic factors  and this 
system increase adipose energy store and adverse 
health effects. Insulin resistance or DM, coronary 
heart diseases and hyperlipidemia are the major 
adverse effects of obesity.13 The most widely used 
tools to gauge the obesity is body mass index 
(BMI), which is measured by weight in kg and 
height in meter square  (kg/ m2).14

Estimation of C- peptide has more advantage over 
insulin. The fasting C-peptide levels are useful 
intype 2 diabetic patients with poor glycemic 
controlto assess the endogenous insulin reserve. 
So, routine C-peptide testing might be done in 
patients with poor glycemic control treated with 
oral  hypoglycemic agents to modify treatment 
modality accordingly. The aim of the study was to 
evaluate the correlation between C-peptide, 
HbA1c and BMI in T2 DM patients.

Materials and methods
This cross sectional comparative study was 
conducted in the Department of Biochemistry and 
the Department of Endocrinology Chittagong 
Medical College Hospital (CMCH) from 1st July 
2018 to 30th June 2019. A total of 150 study 
populations were enrolled, of which 50 healthy 
control subjects (Group B) and 100 Type 2 DM 
patients (Group A) met the inclusion and 
exclusion requirements. Diabetes patients with 

oral hypoglycemic agents & ages 30 to 70 years  
were included. Patients with insulin-dependent 
diabetes, patients with GDM, acute and chronic 
pancreatitis, and acute infections were excluded.
Permission for the study was taken from the 
concerned departments and Ethical Review 
Committee of Chittagong Medical College, 
Chattogram. All the patients included in this study 
was informed and explained properly about the 
nature and purpose of the study.
Data were collected by using a pre tested 
structured questionnaire containing all the 
variables of interest. The variables were studied 
age, sex, height, weight, BMI,plasma glucose, C-
peptide, HbA1c. Serum C- peptide was measured 
by Chemiluminescence assay, HbA1c by HPLC 
and plasma glucose by enzymatic colorimetric 
test, GOD-POD method.
The data was analyzed by computer based 
software IBM-SPSS V 20.0. All the data were 
presented by mean ± SD and percentage. 
Confident level was fixed at 95% and p value of 
0.05% or less was considered significant. 
Student’s t-test for quantitative or continuous 
variable, chi-square test for categorical variables 
was done where applicable.

Results
The study was conducted to evaluate the 
correlation between C-peptide, HbA1c and BMI 
with T2DM patient.
Table I Distribution of age among the study groups- (With 
t-test significance)

	 Study Group	 n	 Mean	 SD	 Significance

Age (Years)	 Group A ( Cases)	100	 38.23	 13.22	 p= 0.001
	 Group B
	 (Control)	 50	 31.66	 4.62	 Highly significant

Table shows that the mean age (38 years) is 
significantly higher in cases than that of control.
Table II Distribution of BMI status among the study 
groups (With Chi square significance)
BMI status	 Group A	 Group B	
	 n	 %	 n	 %	

Normal
(18.5-22.9 kg/m2)	 42	 42	 39	 78	
Obese
(>25.0 kg/m2)	 58	 58	 11	 22	
	 	 	 	 	 χ2 value = 17.39,
	 	 	 	 	 p < 0.001.  
	 	 	 	 	 Highly significant 
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Table III Distribution of serum HbA1c in study groups 
(With t- test significance)

Table shows that mean HbA1c was significantly 
higher in cases (7.80 %) than that of control (5.17%).
Table IV Distribution of serum HA1c status among the 
study groups (With Chi- square  χ2 significance), (With 
number and present distribution)

Table shows that about 82% cases had increased 
HbA1c than that of control, 2%, which is 
statically significance.

Table V Distribution of serum C-peptide among the study 
groups (With t- test significance)

Table shows that mean C-peptide was 
significantly higher in cases (1.67 ± 0.69) than 
that of control (0.55± 0.17)
Table VI Distribution of serum C-peptide according to 
BMI among the cases (Group A)-(With t- test 
significance)

Table shows that mean serum C-peptide was 
significantly higher in diabetic cases (2.00 nmol/l) 
with increased BMI than in those with normal 
BMI (1.2 nmol/L).

Discussion 
This study was conducted in the Department of 
Biochemistry and Department of Endocrinology 
in Chittagong Medical College. A total of 150 
volunteers were included in the study; 50 healthy 
individuals were included in the control group 
(Group B), while 100 T2DM patients receiving 
oral hypoglycemic medication were in the case 
group. In this study mean age in group A (38 
years) was higher than group B (34 years).

The mean BMI of the cases in this study was 
26.75 kg/m2, which was higher than the mean 
BMI of the controls (23.42 kg/m2) and this was 
statistically significant (p = 0.001). Additionally, it 
was also observed that percentage of high BMI 
were more in group A (58%) than group B (22%).

Regarding HbA1c, mean HbA1c was significantly 
higher in group A (7.80%) than in group B 
(5.17%). It was  also observed that Hb A1c was 
increased in approximately 82% subject in group 
A, whereas in group B ,it was only 2%, which was 
similar to others study.14,15,16

Mean C-peptide, the most significant variable in 
this investigation, was substantially higher in 
group A than in group B, 1.67 mmol/l and 0.55 
mmol/l, respectively. About 97% of the 
participants in Group A had elevated serum C-
peptide levels, compared to 30% of the subjects in 
Group B, which was statistically significant, 
p<0.001. This results was consistent with the 
similar study, Deep HS et al and Bilal BA et al.17, 18

When compared to T2 DM participants with 
increased BMI than that of T2 DM with normal 
BMI, the mean serum C-peptide levels were 
significantly higher, 2.00 nmol/L and 1.21 nmol/L, 
respectively, with a p value of  < 0.0001.A similar 
result was observed by the study done by Bilal et al.18

In present study Pearson’s correlation coefficient 
(r) showed that there was a positive correlation 
between BMI and C-peptide inT2 DM group, r = 
+0.71, p = 0.001. A similar result was observed in 
other study was done by Park SW et al. The 
increased level of serum C-peptide in T2 DM 
subjects with raised BMI indicate insulin 
resistance.19

In this study a weak positive correlation was 
observed between serum C-peptide and HbA1c in 
T2 DM subjects (r = +0.17), however it was not 
statistically significant, p > 0.05.

In addition, a significant positive correlation 
between HbA1c and BMI was revealed (r = +0.61, 
p = 0.001) and a similar result was observed in a 
study done by Jhone’s O et.al. Obesity plays a 
central role in the pathophysiology of both T2 DM 
and its macrovascular complication.20

	 Study group	Mean	 SD	 Sign.

HbA1c	 Group A	 7.80	 2.14	 p < 0.001
(Normal-<5.7%)	 Group B	 5.17	 0.27	 Highly significance

HbA1c status	 Group A	 	 Group B
	 n	 %	 n	 %

Normal   (< 5.7%)	 18	 18	 49	 98
Increased (5.7- 10%)	 70	 70	 1	 2
Increased ( > 10%)	 12	 12	 0	 0
	 χ2 value=86.325	 p< 0.001(highly sign)

	 Study Group 	Mean	SD	 Significance

Serum C-peptide	Group A	 1.67	 0.69	 p<0.001
(0.3-0.6nmol/L)	 Group B	 0.55	 0.17	 Very highly significance

	 BMI Group	n	 Mean	 SD	 Sign.

Serum C-peptide	Normal	 42	 1.2	 0.32	 p < 0.0001
(nmol/L)	 Increased	 58	 2.00	 0.69	 Very highly significance
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Limitation
l Small sample size and a purposive sampling 

method.
l Causality cannot be derived from a cross-

sectional study because it is an observational 
study.

Conclusion
This study demonstrated a significant association 
between T2 DM and HbA1c levels. The mean C-
peptide was significantly higher in the group of 
diabetes individuals with elevated BMI compared 
to those with normal BMI. There was a positive 
correlation between C-peptide and BMI. HbA1c 
and BMI had a positive correlation as well. C-
peptide seems to be more of an indicator of 
endogenous insulin secretion and or insulin 
resistance rather than glycemic status. In T2DM 
with increased BMI, the mean HbA1c was higher, 
which is a sign of poor glycemic control in DM 
patients who are obese. These observations 
support the agreement that increasing serum C-
peptide and HbA1c can be useful in diagnosis and 
treatment of the diabetes mellitus. 

Recommendation
l 	Studies with large sample size are required in 

this field to further validate these findings and 
ascertain whether controlling serum C-peptide 
concentration affects prognosis.

l 	Informing the general public on the value of 
exercise and weight management can help to 
prevent insulin resistance and, ultimately, the 
onset of type 2 diabetes mellitus.

Acknowledgement
The authors would like to thank each respectable 
respondent for contributing their time and effort to 
this study project.The authors would also like to 
acknowledge the hospital authority for giving 
permission to conduct the study.

Contribution of authors
MKH- Conception, design, acquisition of data, 
manuscript writing and final approval.
MMU- Conception, design, acquisition of data, 
manuscript writing and final approval.
MHI- Interpretation of data, critical revision and 
final approval.
Disclosure
All the authors declared no conflict of interest.

References
1.	NCD risk factor collaboration (NCD- RisC). Worldwide 
trends in diabetes since 1980: Apooled analysis of 751 
population-based studies with 4.4 million participants. 
Lancet. 2016.

2.	Classification of diabetes mellitus. Geneva: world 
Health Organization. 2019. 
https://www.who.int/publications-detail/classification-of-
diabetes-mellitus.

3.	Madsbad S, Krarup T, Regeur L, Faber OK, Binder C. 
Insulin secretory reserve in insulin dependent patients at 
time of diagnosis and the first 180 days of insulin 
treatment. ActaEndocrinol ( Copenh). 1980; 95:359-363.

4.	Jones AG, Hattersley AT. The clinical utility of C-
peptide measurement in the care of patients with diabetes. 
Diabet Med. 2013; 30:803-817.

5.	Ferranini E, coblli C. The kinetics of insulin in man. 
Role of the liver. Diabetes Metab Rev. 1987;3:365-397.

6.	Tura A, Ludvik B, Nolan JJ, Pacini G, Thomaseth K. 
Insulin and C-peptide secretion and kinetics in human: 
direct and midel-based measurements during OGTT. Am J 
Physio-Endocrinol-Metabolism. 2001; 281(5):E966-974.

7.	Johanson BL, Borg K,kernel A. Beneficial effects of C-
peptide on incipient nephropathy and neuropathy in 
patients with type 1 diabetes mellitus. Diabet Med. 2000; 
17:181-189.

8.	Ekberg K, Brismar T, Johanson B, Lindstrom P, Wahren 
J. Amelioration of sensory nerve dysfunction by c-peptide 
in patients with type 1 diabetes. 2003; 52; 536-541.

9.	Min JY, Min KB. Serum C-peptide levels and risk of 
death among adults without diabetes mellitus. CMAJ. 
2013; 185:E402-408.

10.	De Leo’n AC, Garci’a JGO, Rodri’guez IM et al. C-
peptide as a risk factor of coronary artery disease in the 
general population. DiabVasc Dis Res. 2015; 12:199-207.

11.	Patel N, Taveria TH, Choudhury G, Wu WC. Fasting 
serum C-peptide levels predict cardiovascular and overall 
death in nondiabetic adults. J Am Heart Assoc. 2012; 
1:e003152.

12.	Steiner DF, Bell GI, Rubenstein AH. Chemistry and 
biosynthesis of the islet hormones. In: DeGroot L, 
Jameson JL, editors. Endocrinology, Philadelphia: 
Elsevier; 2011;1436-1453.

13.	Arikan E, Sabuncu T, Ozer EM, Hatemi H. The clinical 
characteristics of latent autoimmune diabetes in adults and 
its relation with chronic complications in metabolically poor 
controlled Turkish patients with type 2 diabetes mellitus. J 
diabetes mellitus complication. 2005; 19:254-258.

14.	Rakesh KS, MahendraC.The study of correlation 
between body mass index and glycemic control- HbA1c in 
diabetes type 2 patients. Int J Med. 2016;6(6):1788-1791.



Original Article JCMCTA 2023 ; 34 (2) : 46-50

50

15.	Farah A, Naeem Q, Sumera S, Sonali K. Study of 
fasting and PP C-peptide and its correlation with HbA1c in 
T2 diabetes mellitus in population of Uttarakhand. Int J of 
cli Bio and Res. 2016;8(4):245-247.

16.	Jones AG, McDonald TJ, Shields BM et al. Markers of 
beta cell failure predict poor glycemic response to GLP-1 
receptor agonist therapy in type 2 diabetes care.2016; 
39;250-257.

17.	Bilal BA et al. Significance of C-peptide in type 2 
Diabetics- A study in the North Karnataka Population of 
India. Al  ameen J Med Sci. 2010;3(1):65-78.

18.	Deep HS, Singh SP, Singh BP. Evaluation of serum C-
peptide levels in type 2 diabetics in Punjabi population. Int 
J Adv Med. 2017; 4:1026-1030.

19.	Park SW, Ihm SH et al. Differential effects of ambient 
blood glucose level and degree of obesity on basal serum 
c-peptide level and the C-peptide response to glucose and 
glucagon in NIDDM. Diabetes Res clinPract. 1997; 
37(3):165-171.

20.	Clare N, Jones O et al. Role of insulin resistance and 
obesity in regulation of insulin concentrations. Am J Phy 
Endo Met. 2000; 278:E501- E508.


