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Background: Various cardiovascular disease (CVD) risk factors have been implicated to correlate with the
severity of the disease. Present study was conducted to correlate one such risk factor i.e. fasting serum C-
peptide with the presence or absence and the severity of CVD in Indian population.
Methods: 68 patients with metabolic syndrome who underwent coronary angiogram for suspected CVD
were included. Their fasting serum C-peptide levels were measured in addition to routine biochemical
and cardiological tests. They were divided into 2 groups e those with a positive coronary angiography
findings (Group 1) and those with normal coronary angiograms (Group 2). The former group was further
divided into those with an Acute Coronary Syndrome (ACS) (Group 1a) and those with Chronic Stable
Angina (CSA) (Group 1b). SYNTAX scoring was done to assess the severity of coronary artery disease in
groups 1a and 1b. Levels of C-peptide were compared between the groups.
Results: The mean C-peptide of all patients was 1.9 (±0.8) ng/mL. Among the group 2 patients, mean
serum C-peptide value was 1.6 (±0.4) ng/mL. And it was 2.7 (±0.8) ng/mL and 1.7 (±0.9) ng/mL among
the ACS and the CSA groups respectively. The ACS and CSA group had statistically significant higher
values of C-peptide compared to patients with normal coronary angiograms. The two-way ANOVA done
to find out the variability of C-peptide among the 3 groups revealed significant differences among the
groups with a p-value of <0.001. When correlated with SYNTAX scores, this yielded significant results.
Conclusion: C-peptide levels appear to correlate with the severity of the CVD as measured by SYNTAX
score.
© 2018 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Coronary artery disease (CAD) has emerged as a major cardio-
vascular (CV) cause of mortality and morbidity throughout the
world, andmore so in Indians.1 It is predominantly a disease seen in
older age groups. However, nowadays, CAD is seen more and more
frequently in younger age groups.2 Myocardial infarction (MI) adds
to greater social, family, and health-care burdens in young working
adults.3,4 Most studies show that the incidence of acute MI and
symptomatic CAD in young adults is about 2e6%.5e8

Studies have shown that large vessel atherosclerosis can be seen
prior to the process of development of diabetes, which implies that
both conditions arise from a similar source, rather than athero-
sclerosis being a complication of diabetes.
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Clinically significant CAD morbidity is often present for 4e7
years before diagnosis. During this period, the proper treatment of
CV risk factors is often neglected, despite the reasonable expecta-
tion that it would be of benefit to these patients. However, a proper
diagnostic marker is needed to detect this type of patients.

Since the process of atherosclerosis starts many years prior to
clinical onset, the prevention of CV can be done by early identifi-
cation of various risk factors. Several prospective epidemiological
studies have consistently reported the adverse effects of smoking,
dyslipidemia, hypertension, and diabetes mellitus (DM) on the
circulatory system, as has been the efficacy of intervention pro-
grams to reduce the incidence of CV events. Many other risk factors
have been reported in recent years in addition to the major CV risk
factors, despite the fact that their association with atherosclerotic
disease may not indicate a causeeeffect relationship.

Hyperinsulinemia (and consequently “hyper-C-peptidemia”) is
the basis of the metabolic X-syndrome, and it is reasonable to
expect them to be associated with clusters of known risk factors.
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Indeed, there are some encouraging findings showing correla-
tions of fasting serum C-peptide with CV risk. However, further
evaluation is required to establish serum C-peptide as a definite
predictor of having CAD in patients with metabolic syndrome.
Motivated by these observations, we decided to focus on fasting
serum C-peptide as potential marker of CV disease risk clusters,
applicable in daily clinical practice, especially in Indian population.
Table 1
Baseline characteristics of the study population.

Characteristic Controls (n ¼ 34) ACS (n ¼ 20) CSA (n ¼ 14) p-value

Age (years) 54.5 (±7.4) 52 (±7.7) 51.5 (±10) 0.374
BMI (kg/m2) 23 (±3) 21.6 (±3.1) 21.5 (±3.1) 0.137
HbA1c (%) 6.4 (±0.8) 7.1 (±0.7) 6.7 (±0.9) 0.013a

C-peptide (ng/ml) 1.6 (±0.4) 2.7 (±0.8) 1.7 (±0.9) <0.001a

TC (mg/dl) 172.4 (±31.5) 171.9 (±38.5) 162.5 (±35) 0.645
TG (mg/dl) 112.4 (±35.5) 129.5 (±37.7) 111.1 (±30.4) 0.168
HDL-C (mg/dl) 44.1 (±9.9) 43.2 (±10.3) 36.5 (±10.5) 0.063
LDL-C (mg/dl) 105.7 (±24.3) 102.8 (±27) 103.7 (±21.6) 0.906
SYNTAX Score 0 (±0) 24.4 (±5.6) 14.2 (±6.8) <0.001a

ACS: acute coronary syndrome; BMI: body mass index; CSA: chronic stable angina;
TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol;
LDL-C: Low Density Lipoprotein Cholesterol.

a Statistically significant.
2. Materials and methods

Sixty-eight consecutive metabolic syndrome patients aged
18e65 years who underwent coronary angiogram for suspicion of
CAD were included in the study. Metabolic syndrome was defined
as per National Cholesterol Education Program (NCEP) adult
treatment panel III (ATP III) guidelines.9 Patients with known pro-
thrombotic tendencies, nonatherosclerotic myocardial ischemia
(coronary embolism or vasculitis), nonalcoholic fatty liver disease,
chronic pancreatitis, and chronic kidney disease (CKD) stage
G3a þ A3 were excluded from the study. All patients underwent
detailed clinical evaluation including history and clinical exami-
nation. Height and weight were measured, and body mass index
(BMI) was calculated. Blood pressure was measured, and hyper-
tension was defined as per the Joint National Committee 7 criteria.
Smoking was defined according to the National Health Interview
Survey definitions. Blood samples were taken at the time of arrival
to the hospital and were tested for renal function tests, liver func-
tion tests, complete hemogram, and HbA1c. A repeat sampling was
done the next morning to test for fasting blood sugar, lipid profile,
and C-peptide levels. The estimated glomerular filtration rate was
calculated using modification of diet in renal disease study equa-
tion. The definition of CKD was used as per the Kidney Disease
Improving Global Outcome classification guidelines.

All patients underwent coronary angiogram. Patients were
divided based on their angiogram reports as having CAD or not, and
synergy between percutaneous coronary intervention with TAXUS
and cardiac surgery (SYNTAX) score was calculated by two expe-
rienced operators in accordance with the SYNTAX score algo-
rithm.13 These two groups served as cases and controls,
respectively. The group having CAD was divided further into those
having acute coronary syndrome (ACS) and those having chronic
stable angina (CSA) based on the American College of Cardiology/
American Heart Association Task Force guidelines. Serum C-Peptide
(ng/Lit) was measured using the radioimmunoassay method. Blood
samples from fasting subjects (8e10 h) were collected for C-pep-
tide analysis in accordance with the National Health and Nutrition
Examination Survey sample collection criteria. Venous blood
(3e5 ml) was drawn in vacuum tubes.

ACS was defined as recent episode of typical ischemic discom-
fort that either is of new onset or severe or exhibits an accelerating
pattern of previous stable angina. Stable angina was defined as a
syndrome characterized by discomfort in the chest, jaw, shoulder,
back, or arms, typically elicited by exertion or emotional stress and
relieved by rest or nitroglycerin. Metabolic syndrome was defined
as per the NCEP ATP III guideline. According to the NCEP ATP III
definition,9 metabolic syndrome is present if three or more of the
following five criteria are met:

� Waist circumference over 40 inches (men) or 35 inches
(women)

� Blood pressure over 130/85 mmHg
� Fasting triglyceride level over 150 mg/dl
� Fasting high-density lipoprotein (HDL) cholesterol level less
than 40 mg/dl (men) or 50 mg/dl (women)

� Fasting blood sugar over 100 mg/dl
DMwas defined as previously diagnosed case on treatment with
medication and/or diet or fasting blood glucose greater than
126 mg/dl. Hypertension was defined as previously diagnosed case
of hypertension on treatment with medication and/or exercise/diet
and blood pressure greater than 140 mmHg systolic or 90 mmHg
diastolic on at least two occasions. Hyperlipidemia was defined as
history of dyslipidemia diagnosed and/or treated by a physician or
total cholesterol greater than 200 mg/dl, low-density lipoprotein
greater than or equal to 130 mg/dl, or HDL <40 mg/dl. Current
smoker was defined as a person smoking cigarettes within 1month
of index admission. A positive family history for CADwas defined as
evidence of CAD in a parent, sibling, or children before 55 years of
age in males or 65 years of age in females. As per World Health
Organization guidelines, overweight was defined as BMI >25 kg/
m2, and obesity was defined as BMI >30 kg/m2.12
2.1. Statistical analysis

Statistical analysis was done using IBM SPSS 20 software. All
values were expressed as mean (±standard deviation) or as per-
centages. Standard descriptive analysis was performed to analyze
the baseline characteristics of the study population. Analysis of
variance (ANOVA) was performed to find the variability of C-pep-
tide and SYNTAX scores among the three groups. A post hoc anal-
ysis was performed using GameseHowell equation for multiple
comparisons among the three groups. Regression analysis was
done to find correlation of various other parameters with C-peptide
and SYNTAX scores.
2.2. Ethical approval

Our study conforms to widely accepted principles guiding hu-
man research including the Declaration of Helsinki and has been
approved by the Institutional Ethics Committee of Kasturba Medi-
cal College and Hospital. Informed consent has been taken from
each participant before enrolling them in the study.
3. Results

3.1. Baseline characteristics

Baseline characteristics of the study population are presented in
Table 1. The mean ages of the control, CSA, and ACS group patients
were 54.56 (±7.46), 52 (±7.78), and 51.5 (±10.02) years, respec-
tively. Themean BMI in three groups were 23.08 (±3.05), 21.6 (±3.1)
and 21.51 (±3.14) kg/m2, respectively. The mean HbA1c were 6.4
(±0.87), 7.13 (±0.76) and 6.77 (±0.9) %, respectively.



Fig. 1. Mean C-peptide levels in the three groups. ACS: acute coronary syndrome; CSA: chronic stable angina; CAD: coronary artery disease; T2DM: Type 2 Diabetes Mellitus.

Table 2
Post hoc GameseHowell test done for comparison of C-peptide scores among the three groups.

Patient groups Mean difference
(±standard error)

p-value 95% CI (lower bound) 95% CI (upper bound)

Control ACS �1.1 (±0.2) <0.05 �1.6 �0.6
CSA �0.1 (±0.2) 0.8 �0.6 0.4

ACS Control 1.1 (±0.2) <0.05 0.6 1.6
CSA 0.9 (±0.2) <0.05 0.3 1.6

CSA Control 0.1 (±0.2) 0.8 �0.4 �0.6
ACS �0.9 (±0.2) <0.05 �1.6 �0.3

ACS: acute coronary syndrome; CSA: chronic stable angina; CI: confidence interval.
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3.2. C-peptide and SYNTAX score

Among the 68 subjects, 34 were controls and had normal cor-
onary angiograms or insignificant CAD. Among the 34 cases, the
pattern of CAD was as given in Fig. 1. Ten (29.41%) patients had
single vessel disease, 10 (29.41%) had double vessel disease, and 11
(32.35%) had triple/multi vessel disease, while three (8.82%) had
left main CAD.

These mean C-peptide levels of the three groups are depicted in
Fig. 1

The two-way ANOVA done to find out the variability of C-pep-
tide among the three groups with respect to presence or absence of
DM revealed significant differences among the groups with a p-
value <0.001.

A post hoc analysis was performed using the nonparametric
GameseHowell test to assess the in-group variability of C-peptide
scores among the controls, ACS, and CSA groups. This yielded
statistically significant results between the controls group and
ACS groups as well as the ACS and the CSA groups, but not be-
tween the controls and the CSA groups with p-values as given in
Table 2.
The scatter plot plotted between SYNTAX scores and C-peptide
levels of the cases, the ACS, and the CSA population, as given in
Fig. 2, revealed a positive linear association between the two in this
population with a R2 value of 0.762. Also, clustering was noted on
the scatter plot withmost of the ACS groups clustered on the higher
values of SYNTAX scores as well as C-peptide values andmost of the
CSA groups clustered on the lower values of both SYNTAX score as
well as C-peptide values, except for a few outliers.
4. Discussion

The present study is a caseecontrol type of observational study
performed among 68 patients with metabolic syndrome who had
undergone coronary angiogram to study the role of fasting serum C-
peptide as apredictorofCV risk inpatientswithmetabolic syndrome.

Cardiovascular diseases arise from a variety of factors like age,
sex, DM, and hypertension among the others. Metabolic syndrome
is a conglomerate consisting of factors, which lead to development
of atherosclerosis and are independent CV risk factors.

In our study, the mean age of patients undergoing angiogram
was 53.18 years. The mean age of patients with normal angiogram



Fig. 2. Scatter plot between C-peptide and SYNTAX score.
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was 54.56 years, of those with ACS was 52 years, and of those with
CSA was 51.5 years. The difference between the three groups was
statistically insignificant. This implies that CAD can manifest at any
age with different presentations.

In our study, majority of the patients were in the age range of
51e60 years. Only one person (1.47%) was below the age of 30 years.
Familial predisposition could be responsible for this heterogeneity.
Four patients (5.89%) had age less than 40 years.

Metabolic syndrome is known to precede CAD, especially as a
consequence of certain clusters of risk factors. The syndrome was
given various names in the past. In his earliest reference, Gerald
Reaven in 1988, in his famous Banting lecture at the American
Diabetes Association national meeting, he coined the term “Syn-
dromeX”. He defined it as an aggregation of various CAD risk factors.
These included insulin resistance, hypertension, hyper-
triglyceridemia, and low HDL. Kaplan termed it as “the deadly
quartet” and Foster named it as “a secret killer”. Haffner et al
preferred to call it “Insulin-resistance syndrome”, as they believed
that insulin resistance preceded other aspects of the syndrome and
also the development of atherosclerotic CAD.

Serum C-peptide appears to be the most promising out of all of
these, looking at the present scenario, reasons being:

� There is no hepatic first pass metabolism for C-peptide.
� It has a longer half-life of about 30 min, which makes it a more
reliable indicator compared to fasting insulin.

� It is a more precise marker of endogenous insulin secretion.
� It is not altered even in patients on exogenous insulin treatment.

A study by Ying Li et al done in US subjects showed an
impressive doseeresponse relationship between fasting serum C-
peptide and CV deaths in patients who were nondiabetic and had
low HDL levels.10 However, this study did not correlate C-peptide
with the severity of CAD. Also, the population chosen was different
from our study population.

Another study by Antonio Cabrera de Leon11 et al done in gen-
eral population correlated fasting serum C-peptide with incidence
of MI. However, they excluded patients who were diabetic. They
concluded that rise in C-peptide has a linear correlation with CAD
in general population with relative risk of 2.8 in people with C-
peptide more than or equal to third tertile compared to those with
C-peptide less than third tertile.

However, very few studies tried to ascertain a relationship be-
tween C-peptide and angiographic severity of CAD. We tried to
travel into this relatively unexplored territory. In our study, we
found significantly higher values among subjects with positive
coronary angiographic findings compared to those with normal
coronary angiogram. A higher C-peptide value is associated with
presence of CAD.

In addition to that, even among the subjects with positive
coronary angiogram, there was a positive correlation between
C-peptide values and severity of CAD, as determined by SYN-
TAX score. The strength of this relationship was given by an R2

value of 0.762. This leads to the possibility of clinical use of C-
peptide as a noninvasive predictor of CV risk in patients with
covert CAD.

We also did subgroup analysis among those with positive cor-
onary angiographic findings. These subjects were further divided
based on their clinical presentation into those with an ACS and
those with a CSA. Serum C-peptide levels were compared between
these two subgroups. ANOVA done to find difference of C-peptides
between these two groups revealed a statistically significant dif-
ference with a p-value <0.05. This could be an indication that C-
peptide not only correlates with the presence or absence and
severity of CAD but also could be a reliable indicator of plaque
rupture and could, thus, be predictive of an acute coronary event.
However, further trials need to be carried out to delineate the ac-
curacy of this hypothesis.

5. Limitations

In our study, no control population was included. Follow-up of
patients with coronary events was not done with regard to out-
comes and morbidity.
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6. Conclusions

Higher C-peptide levels appear to correlate well with the pres-
ence of CAD in metabolic syndrome patients. C-peptide levels also
appear to correlate with the severity of CAD. C-peptide levels are
significantly higher in ACS group compared to CSA group. Thus, it
may also serve as a marker of CAD as well as plaque destabilization.

7. What is already known?

C-peptide is associated with insulin resistance and metabolic
syndrome which is a known risk factor for CV diseases.

8. What this study adds?

Higher C-peptide levels appear to correlate well with the pres-
ence and severity of CAD in metabolic syndrome patients.
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