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Abstract
Background  C-peptide is considered a peptide with active function in the body, which can affect people’s health. 
However, the results of previous studies on the possible association of C-peptide with the risk of cardiometabolic 
disorders have not been fully understood. This systematic review and meta-analysis aimed to investigate the 
association between serum C-peptide level and the risk of cardiovascular disease (CVD) events.

Methods  The various important databases, including PubMed, Scopus, and Web of Science, were searched 
comprehensively to November 2022 to identify the relevant studies. The HR(95% CI) or OR(95% CI) for observational 
studies were extracted and converted into log HR or log OR and their standard deviation(SD) was computed. A 
random-effects model with an inverse variance weighting method was conducted, to calculate the pooled effect size.

Results  Sixteen observational studies, including one case-control study, eight cohort studies, and seven cross-
sectional studies were included in the current meta-analysis. The sample size ranged from 90 to 7030, with an 
age range from 12 to 85 years. During the follow-up time (ranging from 5 to 17 years), 4852 CVD events occurred. 
Based on cohort and case-control studies, the pooled results showed no significant association between serum 
C-peptide with CVD events risk (RR = 1.02;95%CI:0.91–1.15, I2 = 34.7%; P-heterogeneity = 0.140). For cross-sectional 
studies, the pooled results indicated a positive association between serum C-peptide and the odds of CVD outcomes 
(OR = 1.35;95%CI:1.04–1.76, I2 = 83.6%; P-heterogeneity < 0.001).

Conclusions  The pooled results of the current study suggested that C-peptide level was not related to the risk of 
CVD events in cohort studies, however, the meta-analysis of cross-sectional studies showed a significant association 
between C-peptide and an increased risk of CVD events.
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Background
Cardiovascular diseases (CVDs) is a general term cover-
ing the conditions affecting the heart or vessels [1]. CVDs 
are the most prevalent diseases and the major cause of 
mortality globally. Although the reports demonstrated 
that the age-adjusted CVD mortality rate is decreased 
by 60% worldwide during the past 30 years, the preva-
lence of the disease remains mainly unchanged due to 
the rapid rise in the aging population [2]. Furthermore, 
depending on a recent study in Iran, CVDs as the first 
leading cause of mortality and disability-adjusted life 
years (DALYs) resulted in 46% of all deaths and 20-23% 
of the burden of disease [3]. Pancreatic beta cells secrete 
insulin and C-peptide equimolarly. However, C-peptide, 
as a 31-amino acid polypeptide, stays longer in the blood 
than insulin. These characteristics have caused serum 
C-peptide to be considered as a surrogate biomarker for 
investigating the insulin secretion status and the pancre-
atic beta cell’s function. Besides, C-peptide is now recog-
nized as a peptide with active function in the body that 
can affect individuals’ health [4].

Previous studies have shown inconsistent findings on 
the possible association of C-peptide level with the risk 
of chronic diseases such as cardiometabolic disorders. 
A recent meta-analysis reported that low serum C-pep-
tide level were significantly associated with increased 
incidence of coronary heart disease (CHD) and cerebral 
infarction. Also, this study showed that serum C-pep-
tide is inversely associated with blood lipid level and 
promotes lipid deposition [5]. Chung et al. also demon-
strated that serum C-peptide level has an inverse cor-
relation with cardiovascular autonomic neuropathy 
among T2DM patients [6]. Furthermore, in some stud-
ies, C-peptide has been proposed as a therapeutic agent 
for the prevention of vascular damage in type 1 diabetes 
(T1DM) [7, 8]. However, in other studies, results have 
shown that higher levels of serum C-peptide are associ-
ated with arterial stiffness, CVDs, and all-cause mortality 
in non-diabetic patients [9–12]. Also, the studies con-
ducted on diabetic patients showed that the increase in 
serum C-peptide levels can increase the risk of early ath-
erosclerosis [13, 14]. Furthermore, another study showed 
that 2-h serum C-peptide level may be a risk factor for 
carotid intima-media thickness changes [15].

On the other hand, a recent retrospective cohort study 
found that the relationship between serum C-peptide 
level and cardiovascular risk is different depending on the 
history of T2DM. Unlike the participants without previ-
ous T2DM, the serum C-peptide level had a “V” shaped 
relationship with cardiovascular biomarkers, the associa-
tions of C‑peptide with these biomarkers and events were 
not significant in the patients with previous T2DM [4].

Considering the inconsistent results in the past stud-
ies on the association of C-peptide level and risk of 

cardiovascular disorders, the present meta-analysis was 
intended to be an effective step in the correct and clear 
understanding of the relationship between the serum 
C-peptide level and the risk of cardiovascular diseases 
by combining all the data and presenting a general result. 
The findings of this study can also be used as a basis for 
future research regarding the therapeutic use of C-pep-
tide in cardiometabolic disorders.

Method
Literature research
To detect the published papers until November 2022, a 
comprehensive and systematic search was conducted 
through PubMed, Scopus, and Web of Science databases 
without any language, time, and study design limitations. 
The systematic search was carried out using the following 
keywords and MeSH terms: “C-Peptide” or “proinsulin” 
AND “cardiovascular” or “heart disease” or “vascular” or 
“stroke” or “cardiac” or “myocardial” or “coronary artery”. 
To prevent missing any related publications, we manu-
ally searched the reference lists of all obtained studies. 
The present systematic and meta-analysis was performed 
according to the Preferred Items for Systematic Review 
and Meta-Analyses (PRISMA) guidelines[16].

Inclusion and exclusion criteria
Two reviewers independently scanned the title and 
abstract of all publications. The studies that met the fol-
lowing criteria were considered eligible for inclusion: (1) 
the original article, (2) adolescent and adult populations 
(3) cohort, cross-sectional or case-control design, and (4) 
reported Hazard Ratio (HR), Odds Ratio (OR), and Rela-
tive Risk (RR) with 95% Confidence Intervals (CIs). Stud-
ies with the following features were excluded: (1) Review, 
meta-analysis, and randomized clinical trial studies (2) 
unpublished data, (3) studies without sufficient data, 
and (4) congress abstracts, patents, dissertations, letters, 
comments, and conference papers.

Data extraction
The following information was collected from eligible 
studies: author’s name, publication year, location of the 
study, design, number of participants and CVD events, 
age and gender of subjects, tools used for serum C-pep-
tide measurement, outcomes, reported HR or OR with 
95% CI for CVD events, adjusted covariates, and the 
duration of follow-up. Two investigators independently 
extracted the information to increase the accuracy of 
data collection.

Validity and quality assessment of studies
The quantitative content evaluation of each article was 
conducted according to the STROBE statement check-
list[17]. Two reviewers examined all qualified studies for 
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methodological quality assessment, independently using 
the Newcastle–Ottawa Scales (NOS) designed for cohort, 
case-control, and cross-sectional studies. Included stud-
ies based on NOS scores were categorized into three 
groups low, moderate, and high-quality[18].

Statistical analysis
This meta-analysis includes fourteen eligible papers 
which consist of sixteen studies (eight cohorts, seven 
cross-sectionals, and one case-control). The HR (95% 
CI) for cohorts and the OR (95% CI) for cross-sectional 
and case-control studies were extracted and converted 
into log HR, then their standard deviation (SD) was com-
puted. A random-effects model with an inverse variance 
weighting method was conducted, to calculate the pooled 
effect size. The I2 quantity[19] and Cochran’s Q test [20] 
were used to measure and evaluate between-study het-
erogeneity. In the present meta-analysis, the between-
study heterogeneity test was statistically significant, thus 
we carried out subgroup analysis according to the region 
and diabetes status for cohort and cross-sectional stud-
ies, to detect the potential heterogeneity sources using a 
fixed-effects model. Due to the small number of included 
studies, the meta-regression analysis was not conducted 
to evaluate the heterogeneity sources across studies. 
We examined possible publication bias using the visual 
assessment of funnel plots and results of Egger’s regres-
sion test, and Begg’s adjusted rank correlation test. The 
trim-and-fill method was used to estimate the potential 
missing studies. Also, sensitivity analysis was performed, 
by removing each study one by one, to explore the impact 
of each study and recalculating the pooled effect size after 
its exclusion. All analyses were conducted using STATA 
11.2 software. In all analyses, the statistically substantial 
value was considered as p < 0.05. All statistical tests were 
two-sided.

Results
Literature search and studies characteristics
The flow diagram of included studies is presented in 
Fig.  1. Initially, 5561 papers were obtained from the 
online database search. After scanning based on title 
and abstract, and removing duplicates (n = 758) and 
irrelevant articles (n = 4771), 32 papers potentially eli-
gible were detected. After the full-text review, 18 papers 
were excluded due to not relevant outcomes (n = 13), 
not reported related data (n = 4), and repetition (n = 1). 
Finally, fourteen papers including 16 studies (cohort: 
n = 8, case-control: n = 1, and cross-sectional: n = 7) were 
included in the present meta-analysis.

The detailed characteristic of 16 studies is shown in 
Table  1. These studies were done between 1992 and 
2021 and were performed in Italy (n = 5), the United 
States (n = 4), China (n = 3), Sweden (n = 2), Korea (n = 1), 

and the United Kingdom (n = 1). The sample size ranged 
from 90 to 7030, with an age range from 12 to 85 years. 
During the follow-up time (ranging from 5 to 17 years), 
4852 CVD events occurred (Panero et al. study did not 
report the number of events). All studies were done on 
both genders except Dong et al. study which was done 
exclusively on female participants. All cohort studies 
reported the measure of association as HR and 95% CI, 
and one case–control and seven cross-sectional studies 
reported the OR and 95% CI. Most studies adjusted the 
association for some conventional risk factors, includ-
ing age, sex, BMI, diabetes status, smoking, and alcohol 
drinking, however, three studies do not control any risk 
factors. Many included studies used laboratory analyses, 
radioimmunoassay, and the chemoluminescence method 
to measure serum C-peptide levels. All studies had high 
quality according to the NOS criteria for cohort, cross-
sectional, and case-control studies. Quality assessments 
of studies are provided in Supplementary Table S1.

Meta-analysis on the association between C-peptide and 
CVD events
Figure  2 indicated the overall summary estimate of HR 
(95% CI) for the association between serum C-peptide 
levels and the risk of CVD events in a case-control and 
eight cohort studies. The pooled RR calculated using 
the random-effects model indicated no significant asso-
ciation between serum C-peptide levels with the risk 
of CVD events (RR = 1.02; 95% CI: 0.91–1.15). Also, 
there was no significant heterogeneity between studies 
(I2 = 34.7%; P-heterogeneity = 0.140).

The association of serum C-peptide levels with the odds 
of CVDs in cross-sectional studies is presented in Fig. 3. 
The pooled OR using a random-effects model showed a 
significant positive relation between serum C-peptide 
and the odds of CVDs (OR = 1.35; 95% CI: 1.04–1.76), 
also there is considerable heterogeneity between studies 
(I2 = 83.6%; P-heterogeneity < 0.001).

Table  2 showed the findings of subgroup analysis for 
addressing the source of heterogeneity based on region 
and participants’ diabetes status in the cohort and cross-
sectional analyses. Subgroup analysis in cohort stud-
ies demonstrated that serum C-peptide-CVDs event 
relationship was not significant in each subgroup of the 
region (Europe: n = 6, other: n = 3) and diabetes status 
(diabetic population: n = 7, general population: n = 2). 
Also, we observed any significant between-subgroups 
heterogeneity for the region and diabetes status.

However, in cross-sectional studies that subgroup anal-
yses conducted on the region (Europe: n = 2, America: 
n = 2 Asia: n = 3) and participants’ diabetes status(diabetic 
population: n = 5, general population: n = 2), a positive 
significant relationship in Asia (RR = 1.18; 95% CI: 1.07–
1.30), America (RR = 1.61; 95% CI: 1.29–2.00) and Europe 
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(RR = 1.47; 95% CI: 1.16–1.87) were observed, also there 
is significant heterogeneity between region subgroups (Q 
statistic = 7.99; P-heterogeneity = 0.018).

In diabetes status subgroups, there is a positive sig-
nificant association among the diabetic population 
(RR = 1.22; 95% CI: 1.11–1.33) and the general popula-
tion (RR = 1.61; 95% CI: 1.29–2.00), also a significant 
heterogeneity between diabetes status subgroups (Q 
statistic = 5.18; P-heterogeneity = 0.023) was detected. 
Regarding Table 2, region and diabetes status are consid-
ered the sources of heterogeneity between subgroups in 
cross-sectional studies.

Publication bias
According to visual inspection of the funnel plot 
(Fig.  3sup, A), Begg’s test (P-value = 0.677), and Egger’s 
test (P-value = 0.689) there is no publication bias for stud-
ies examining the association between serum C-peptide 
with CVD events in cohort studies. Also, for cross-sec-
tional studies, based on the P-values of Begg’s (0.881) and 
Egger’s test (0.619) there was no publication bias. Begg’s 
funnel plot for cohort and cross-sectional studies is pre-
sented in Fig S1.

Fig. 1  Flow diagram of selection of the published studies
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Sensitivity analysis
To explore each study’s impact on the pooled effect size, 
we used a random-effects model. After removing each 
study, we find out any significant change in the pooled 
effect size of the association between serum C-peptide 
levels with CVD in the meta-analysis on the cohort 

(0.98–1.03) and cross-sectional (1.23–1.46) studies. Find-
ings showed that cohort studies were not affected by 
each included study, however, pooled OR of the cross-
sectional meta-analysis becomes non-significant by omit-
ting each included study except for studies conducted by 
Winocour et al. and Chung et al.

Table 2  Summary relative risk (RR) estimates [95% confidence intervals (CIs)] for sub-group analysis of the association between the 
serum c-peptide levels with the risk of cardiovascular diseases events
Subgroups Study numbers Summary RR (95% 

CI)
Between studies Between subgroups
I2 Pheterogeneity Q Pheterogeneity

Cohort and case-control studies
Region

2.45 0.117

Europe 6 0.99 (0.95–1.03) 34.4 0.178

Other 3 1.12 (0.96–1.30) 8.1 0.334

Diabetes status 0.16 0.688

Diabetic population 7 0.99 (0.96–1.03) 48.3 0.078

General population 2 1.03 (0.85–1.25) 0.0 0.480

Cross-sectional studies

Region 7.99 0.018

Asia 3 1.18 (1.07–1.30) 91.3 < 0.001

America 2 1.61 (1.29–2.00) 81.7 0.019

Europe 2 1.47 (1.16–1.87) 0.0 0.830

Diabetes status 5.18 0.023

Diabetic population 5 1.22 (1.11–1.33) 84.5 < 0.001

General population 2 1.61 (1.29–2.00) 81.7 0.019
All statistical tests were two-sided

Fig. 2  The association between serum C-peptide levels with risk of cardiovascular diseases event in cohort studies
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We have two studies that have not adjusted the effect 
of the confounder variable. To compute the pooled RR 
for adjusted studies, we conducted subgroup analysis and 
omitted Faglia et al. study and Winocour et al. study in 
the cohort and cross-sectional study, respectively. There 
is no significant change in RR obtained from subgroup 
analysis in the cohort (RR = 1.02; 95% CI: 0.85–1.23) and 
cross-sectional (RR = 1.34; 95% CI: 1.02–1.75) versus 
their overall pooled RR.

Discussion
The findings from this meta-analysis systematically 
reviewed fourteen studies, which examined the asso-
ciation between C-peptide level and CVD events. Our 
results revealed no significant association between serum 
C-peptide levels with the risk of CVD events in a case-
control and eight cohort studies. However, a signifi-
cant positive relation between serum C-peptide and the 
odds of CVDs was seen in cross-sectional studies. Also, 
the results of the subgroup analysis based on the region 
and diabetes status indicated no noticeable association 
between serum C-peptide and CVDs in studies with 
case-control and cohort design. Nevertheless, cross-sec-
tional studies conducted in Asia, America, and Europe 
and those studies in the diabetic and general populations 
had a significant association between C-peptide level and 
CVD events.

In line with our findings from pooled HR of cohort 
studies, a meta-analysis by Autier et al. revealed no 

evidence of an association between breast cancer risk 
and serum C-peptide values [21]. Most of the included 
studies in our meta-analysis found an insignificant asso-
ciation between C-peptide and CVD events. However, 
Panero et al. investigation reported the protective effect 
of plasma C-peptide levels on the incidence of microvas-
cular complications risk in type 1 diabetic participants 
[22]. Although evidence in this area is still quite limited, 
C-peptide would activate endothelial NO synthase and 
Na+/K+-ATPase enzymes by interacting with membrane 
receptor on a molecular level which might have a favor-
able impact on both diabetic nephropathy and neuropa-
thy. Also, C-peptide enhances skeletal muscle and skin 
blood flow, augments nerve function, diminishes urinary 
albumin excretion, and decreases glomerular hyperfiltra-
tion, only in individuals who suffer from type 1 diabe-
tes and lack of C-peptide, and not in those with healthy 
status [23]. In contrast, Pikkemaat et al. showed that 1 
nmol/l increase in C-peptide concentration is associated 
with all-cause death, underlying cardiovascular death. 
However, inadequate control for adiposity, different tar-
get groups (patients with type 2 diabetes), and limited 
sample size in this study should be mentioned [24]. It has 
been suggested that C-peptide function in type 1 and 2 
diabetes mellitus are contrasting. For instance, due to 
the lack of insulin and C-peptide secretion in type 1 dia-
betes, it has been proposed that C-peptide can directly 
reduce lesions, apply anti-fibrotic and anti-apoptotic 
effects, and perform as a protective marker. However, 

Fig. 3  The association between serum C-peptide levels with risk of cardiovascular disease event in the cross-sectional studies
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in type 2 diabetes, C-peptide elevations cause insulin 
resistance consequence [25]. Since our findings include 
the pooled results from studies conducted on type 1 dia-
betes [22], type 2 diabetes [24–26], and chronic kidney 
disease [27], reliance on the results should be done with 
caution. Moreover, in Koska et al. study, a U-shaped rela-
tionship between C-peptide and CVD risk was observed, 
even so, the typical participants in this study was male 
with known/at high risk for CVD. Therefore, the findings 
might not be generalizable [26].

Our findings on the association between serum C-pep-
tide and CVDs based on the cross-sectional studies are 
similar to some of the previous meta-analyses claiming 
that greater circulating C-peptide level could be a pre-
dictive marker for chronic diseases risk susceptibility, 
such as various cancer [28, 29]. Another meta-analysis 
reported increased risks of pancreatic and colorectal can-
cers associated with higher levels of C-peptide concen-
tration [30]. It has been suggested that C-peptide can act 
as a suppressor of reactive oxygen species formation in 
endothelial cells and a stimulator of various neurotrophic 
factors including neurotrophin and nerve growth factors 
[31, 32]. Also, Thota et al. have remarked in a meta-anal-
ysis of observational studies that obese participants had a 
higher pooled mean net of total C-peptide concentration 
compared to those non-obese [33]. C-peptide role in pro-
moting atherogenesis thus increasing the risk for CVD 
may contribute to inducing inflammatory markers infil-
tration and migration of vascular smooth muscle cells 
[34, 35]. On the other hand, C-peptide had a considerable 
correlation with some aspects of metabolic syndrome 
including high-density lipoprotein-cholesterol (HDL-
C), waist circumference, and uric acid [36]. As Li et al. 
claimed, serum C-peptide had a strong negative associa-
tion with HDL-C levels [37]. Based on these findings, it 
can be assumed that the C-peptide concentrations’ effect 
on CVD mortality can be originated from, at least in part, 
by metabolic disturbances.

It should be noted that since some evidence believed 
that dietary patterns with higher amounts of whole 
grains, vegetables, fruits, fiber, and coffee intake might 
be associated with lower plasma C-peptide level, while 
higher levels of refined grains and animal products might 
be associated with higher C-peptide level [38], evaluation 
of dietary patterns are valuable, which the lack of this 
assessment can be seen in the included studies. In con-
trast to our results, a previously conducted meta-analysis 
by Qin and colleagues showed that low serum C-peptide 
concentration increases lipid deposition, and accelerates 
the incidence of diabetes, cerebral infarction, and coro-
nary heart disease [5]. Since the mentioned meta-analy-
sis only includes seven studies, mostly domestic studies 
with small sample sizes, more research in the future are 
needed. Similarly, Chung et al., reported that circulating 

C-peptide level was inversely associated with cardiovas-
cular autonomic neuropathy in individuals with type 2 
diabetes [6]. In total, these findings are highly contradic-
tory and require further investigation. We failed to find 
significant results in subgroup analyses of cohort stud-
ies, however, subgroup analyses conducted in cross-sec-
tional studies showed a positive significant association 
between C-peptide and CVD events in Asia, America, 
and Europe, and among the diabetic population and the 
general population.

One of the reasons that can explain the non-significant 
relationship between C-peptide and CVD events based 
on the pooled results of cohort studies is that, in most 
of these studies, serum C-peptide has been measured 
as the main exposure of the study only at one point (at 
the beginning of the study), while it is possible that the 
baseline level of C-peptide of the individuals at the begin-
ning of cohort studies did not reflect its level in the par-
ticipants during the long term follow-up, because the 
C-peptide level may have changed in the study popula-
tion during follow-up. So, if serum C-peptide was mea-
sured at several points in time in these cohort studies, it 
more could help determine the serum C-peptide accu-
rately in participants and determine its real relationship 
with the risk of CVD events in them. Also, considering 
that cross-sectional studies cannot show the real causal-
ity, the pooled results reported in these studies on the 
significant relationship between high serum C-peptide 
level and increased risk of CVD events may be somewhat 
unrealistic; considering that, in cross-sectional studies, 
the levels of exposure (serum C-peptide) and outcome 
(CVD events) for individuals have been determined at a 
specific time point, it is possible that, the serum C-pep-
tide level of patients with CVD events has subsequently 
increased due to their inappropriate and unstable meta-
bolic condition, such as insulin resistance, metabolic 
syndrome, obesity, etc., and therefore, the high serum 
C-peptide level maybe not a definite risk factor for CVD 
events in individuals.

The current study has several noteworthy strengths. 
To our knowledge, our study is the first meta-analysis 
investigating this topic with large sample size. However, 
a few limitations in this study should be kept in mind. 
Although the pooled results of cross-sectional stud-
ies were found to be remarkably significant, it had weak 
sensitivity and by discarding any of the 5 articles that 
reported significant findings from the analysis, the OR 
value became non-significant. In addition, based on the 
publication bias assessment, if the two missing studies 
were included in the analyses, the cross-sectional results 
would be insignificant. Also, different methods were used 
to assess circulating C-peptide levels. Moreover, included 
studies evaluated various micro and macrovascular 
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complications which results in high heterogeneity. It 
seems that more studies are needed to evaluate our 
hypothesis.

Conclusion
The evidence presented in our study indicates no signifi-
cant association between C-peptide and an increased risk 
of CVD events in cohort studies, while a meta-analysis of 
studies with the cross-sectional design suggested that the 
higher C-Peptide level is associated with the increased 
risk of CVD events. Additional investigations are needed 
to shed light on this issue.
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