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ABSTRACT 

Background: The aim of our study was to evaluate the relationship between C-peptide and DPN in 

community-based patients with type 2 diabetes. 

Methods: In total, 220 consecutive type 2 diabetic patients treated by our regional medical consortium were 

enrolled. DPN was assessed by clinical symptoms, signs, and electromyography. 

Results: Fasting C-peptide, 2-h postprandial C-peptide and ΔC-peptide (i.e., 2-h postprandial C-peptide minus 

the fasting C-peptide) serum concentrations in the non-DPN group were significantly higher than those in the 

clinical DPN group (all P ≤ 0.040) and the confirmed DPN group (all P < 0.002). The three C-peptide 

parameters were independently associated with DPN (all P < 0.05) after adjusting for age, sex, diabetes 

duration, smoking status, systolic pressure, body mass index, angiotensin-converting enzyme inhibitors/ 

angiotensin receptor blocker use, fasting plasma glucose, HbA1c, triglyceride and estimated glomerular 

filtration rate. Compared with the ΔC-peptide quartile 1 (reference), patients in quartile 3 (odds ratio [OR], 

0.110; 95% confidence interval [CI] 0.026–0.466; P = 0.003) and quartile 4 (OR, 0.012; 95% CI 0.026–

0.559; P = 0.007) had a lower risk of DPN after adjusting for the confounders. 

Conclusion: C-peptide was negatively associated with DPN in community-based type 2 diabetic patients. 

Keywords: Diabetic peripheral neuropathy, C-peptide, Beta-cell function, Community-based. 

 

Background 

Diabetic peripheral neuropathy (DPN) is a well-

known microvascular complication of type 2 

diabetes mellitus, which leads to further infections 

and increases the risk of foot ulcers, non-traumatic 

amputations and mortality
[1, 2]

. Although 

hyperglycemia plays an important role in the 

development of DPN, intensive glucose control 

does not eliminate the risk of developing DPN in 

patients with type 2 diabetes, suggesting that other 

factors may be involved in DPN development 
[3]

. 

C-peptide levels in the peripheral blood are widely 

accepted as the most appropriate evaluation of 

insulin secretion, and are not eliminated in the 

first-pass metabolism through the liver 
[4,5]

. 

Previously considered to be an inactive by-

product of insulin synthesis, C-peptide is a 

hormonally active peptide 
[5,6]

. In type 1 diabetes, 
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an Italian study with a large clinical cohort 

demonstrated a significant association between C-

peptide and microvascular complications, 

including neuropathy 
[7]

. Several studies in animal 

models of diabetes and in patients with type 1 

diabetes have demonstrated beneficial effects of 

C-peptide replacement on both peripheral and 

autonomic nerve function in diabetes 
[8–10]

. 

In contrast to the data collected in patients with 

type 1 diabetes, studies on the relationship 

between C-peptide and in type 2 diabetes mellitus-

related complications were conflicting. Whereas 

some studies showed that residual insulin 

secretion, evaluated by serum C-peptide 

concentrations, has a protective effect on diabetic 

neuropathy 
[11–13]

, others either did not find such 

an effect 
[14]

, or concluded a contrary relationship 
[15]

. Moreover, none of the studies focused on a 

community-based population 
[13]

. Therefore, the 

aim of this study was to evaluate the relationship 

between C-peptide levels and DPN, independent 

of glycemic control and other risk factors in 

community-based type 2 diabetic patients. 

Methods 

 

Subjects 

In total, 220 consecutive type 2 diabetic patients 

receiving care from a medical consortium with 

completed demographic information and 

neurological examination were enrolled in this 

study. World Health Organization diagnostic 

criteria were used for type 2 diabetes diagnoses 
[16]

. Patients with acute complications of diabetes, 

renal dysfunction (estimated glomerular filtration 

rate [eGFR] <60 mL/min/1.73 m
2
), acute cerebral 

infarction, vitamin B12 deficiency, alcohol abuse 

and asymmetrical neuropathy of the trunk or 

proximal lower limbs and chronic infection were 

excluded from this study. All the patients signed 

the consent form for allowing their information to 

be used for research.  

 

Anthropometric measurements 

Body weight was assessed with the patients 

wearing light clothing and no footwear before 

breakfast; all heights measurements were taken 

using the same wall-mounted stadiometer. Body 

mass index (BMI) was calculated as body weight 

(in kg) divided by the square of the height (in m). 

Diastolic blood pressure (DBP) and systolic blood 

pressure (SBP) were measured three times with 1-

min intervals after 10 min of using a standard 

mercury sphygmomanometer and then averaged. 

Laboratory measurements 

Glucose and C-peptide concentrations were 

measured at baseline and 2 h following oral 

administration of a 100-g steamed bread meal test 

(equal to 75 g of glucose). ΔC-peptide levels were 

calculated as the 2-h postprandial serum C-peptide 

level minus the fasting C-peptide level. Although 

not a standard test in diabetes research or care, the 

100 g steamed bread meal test was selected 

because it avoids severe glucose fluctuation in 

patients with type 2 diabetes mellitus 
[17]

. Fasting 

blood samples were collected in a sodium fluoride 

anticoagulant tube, an EDTA anticoagulant tube 

and a coagulating tube. Glucose, glycosylated 

hemoglobin A1c (HbA1c) and biochemical 

indicators including serum creatinine (Cr), and 

lipid profiles including total cholesterol (TC), 

triglyceride (TG), high-density lipoprotein-

cholesterol (HDL-C) and low-density lipoprotein-

cholesterol (LDL-C) were measured. 2-h 

postprandial blood samples were also collected for 

glucose and C-peptide measurements.  

Examination of neurological symptoms and 

signs 

Neurological symptoms and signs based on the 

neuropathy symptom score (NSS) and the neuro-

pathy disability scores (NDS) were evaluated 
[1]

, 

Neurological symptoms included burning, 

numbness, tingling, fatigue, cramping or aching, 

and neurological signs included vibration sense, 

pain, temperature sensation and ankle reflex. The 

symptoms and signs abnormalities assessed for 

DPN were in a glove/stoking distribution. 

 

Nerve conduction velocity tests 

NCV studies of bilateral median, ulnar, tibial, 

common peroneal and superficial peroneal on 
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each subject were conducted. Subjects stayed 

calm and relaxed, and the local skin temperatures 

were kept at 32–33 °C throughout the 

examination. A decrease in NCV was set 

according to the NCV reference value for the 

Chinese population 
[19]

. 

Diagnosis of DPN 

DPN was diagnosed according to the modified 

Toronto Expert Consensus 
[3]

 as follows: (1) non-

DPN, all neurological symptoms/signs and NCV 

were normal; (2) clinical DPN, at least two 

abnormal results among neurological symptoms/ 

signs, or ankle reflex in accordance with a distal 

symmetrical polyneuropathy and normal NCV; (3) 

confirmed DPN, at least one abnormal nerve 

parameter (of NCV, amplitude, latency, and F-

wave) in two or more nerves among the median, 

peroneal, and sural nerves, regardless of 

neurological signs and symptoms. 

 

Statistical Analysis 

Data are presented as the mean ± standard 

deviation or percent of individuals. Variance 

homogeneity was assessed by the Levene test. 

Differences in C-peptide within the three groups 

were assessed by one-way ANOVA. The least 

significant difference and Dunnett tests were used 

to compare differences between groups with 

continuous variables, and a Chi square test was 

used to assess differences between categorical 

variables. Spearman’s correlation analysis was 

used to examine the correlation of serum C-

peptide concentrations with clinical variables. 

Multiple logistic regression analysis was 

performed to evaluate the association of DPN and 

C-peptide quartiles after adjusting for other 

clinical and biochemical variables. Analysis was 

performed using SPSS 17.0. A P value of <0.05 

was considered to be statistically significant. 

 

Results 

The clinical characteristics of the patients in all 

three groups are summarized in Table 1. 

Compared to patients in the non-DPN group, 

those in the confirmed DPN groups had higher 

SBP (P = 0.036), FPG (P = 0.033), 2 h-PG 

(P = 0.012) and HbA1c (P = 0.007) as well as 

lower HDL-C (P = 0.018), NCV and nerve 

conduction amplitude (NCA) of median, titial and 

sural (all P < 0.05). However, no significant 

differences in age, sex, diabetes duration, smoking 

status, BMI, DBP, TC, TG, LDL-C, GA, Cr and 

eGFR were found among the three groups. The 

use of anti-diabetic drugs (e.g., metformin, 

sulfonylureas and insulin) and anti-hypertension 

drugs [angiotensin-converting enzyme inhibitors 

(ACEI) or angiotensin receptor blocker (ARB)] 

were also not significantly different among the 

three groups. 

Multiple logistic regression analyses were 

performed to evaluate the risk factors associated 

with DPN (including both clinical and confirmed 

DPN) (Table 2). After adjusting for age, sex, 

diabetes duration, smoking status, BMI, SBP, 

ACEI/ARB use, FPG, HbA1c, TG and eGFR 

(model 2), the association between serum C-

peptide levels and DPN remained statistically 

significant (odds ratio [OR], 0.329; 95% 

confidence interval [CI]), 0.107–0.903 for fasting 

C-peptide, P = 0.028; OR, 0.712; 95% CI 0.556–

0.913 for 2-hpostprandial C-peptide, P = 0.007 

and OR, 0.717; 95% CI 0.548–0.939 for ΔC-

peptide, P = 0.016]. 

Compared with the ΔC-peptide concentrations in 

quartile 1 (reference), patients in quartile 3 (OR 

0.110; 95% CI 0.026–0.466; P = 0.003) and 

quartile 4 (OR 0.012; 95% CI 0.026–

0.559; P = 0.007) had a lower risk of DPN 

(including both clinical and confirmed DPN) after 

adjusting for age, sex, diabetes duration, smoking 

status, BMI, SBP, ACEI/ARB use, FPG, HbA1c, 

TG and eGFR. Trend test analysis showed a 

statistical difference in the prevalence of DPN 

among quartiles 2, 3 and 4, compared to quartile 1 

(P < 0.001; Table 3). However, the same analysis 

of fasting C-peptide and 2-h postprandial C-

peptide did not show a significant difference 

among the quartiles. 
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Table 1 showing characteristics of patients. 

 

 
    Results expressed as mean (standard deviation) or percentage 

 

 

 

 



 

Dr Prasad Potdukhe et al JMSCR Volume 05 Issue 04 April 2017 Page 19981 
 

JMSCR Vol||05||Issue||04||Page 19977-19984||April 2017 

Table 2 Multiple regression analyses with the dependent variable of DPN and independent variable of C-

peptide. 

 
 

Table 3. DPN risk in different ΔC-peptide quartiles 

 
Multiple regression analyses and trend test analysis were used. The regression was adjusted for age, sex and 

diabetes duration, smoking, systolic blood pressure, body mass index, angiotensin-converting enzyme 

inhibitors/angiotensin receptor blocker, fasting plasma glucose, glycosylated hemoglobin A1c, triglyceride, 

estimated glomerular filtration rate. ΔC-peptide, 2-hpostprandial C-peptide minus fasting C-peptide. 

 

Discussion 

This study suggested a close relationship between 

the serum C-peptide concentrations and DPN in 

community-based type 2 diabetes patients. The 

decrease in ΔC-peptide was strongly associated 

with the prevalence of DPN after adjusting for 

other variables. 

Some studies showed that serum C-peptide 

concentration had a protective effect on 

neuropathy. In a large clinic-based cohort of 471 

type 1 diabetic patients, higher values conferred a 

protective effect (OR 0.59; 95% CI 0.37–0.94) on 

diabetes microvascular complications including 

autonomic neuropathy, compared to C-peptide 

values in the lowest tertile (<0.06 nmol/L) 
[7]

. 

However, the role of C-peptide concentrations for 

DPN in type 2 patients was still controversial. A 

study in Korea showed that the risk for diabetic 

neuropathy was associated with the lower fasting 

serum C-peptide quartile and lower ΔC-peptide 

quartile in type 2 diabetic patients after adjusting 

for multiple confounding factors
[11]

. A retrospe-

ctive cohort study with a median follow-up of 

14 years showed that the risks for incident 

neuropathy were negatively associated with the 

highest C-peptide tertile (OR 0.39; 95% CI 0.25–

0.61)
[12]

. In a Chinese study that included 

hospitalized patients with type 2 diabetes, Zhao et 

al. 
[13]

 concluded that a higher level of area under 

the curve of C-peptide [AUC (C-pep)] was 

inversely associated with the prevalence of 

neuropathy. However, Sari et al.
[14] 

demonstrated 

that C-peptide did not correlate with sensorial 

neuropathy. Moreover, another study found that 

patients with parasympathetic neuropathy had 

elevated fasting plasma C-peptide (P < 0.001) 
[15]

. 

Our study focused on the relationship between C-

peptide concentration and DPN in community-

based patients, and the results suggested that the 

fasting C-peptide, 2-h postprandial C-peptide and 

ΔC-peptide concentrations were negatively 

associated with DPN after adjusting for multiple 

confounders. 
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In our study, DPN was associated with poor 

glycemic control as reflected by HbA1c, old age 

and longer diabetes duration. With increased 

diabetes duration, the islet function diminishes 

gradually, resulting in reduced C-peptide and 

insulin levels and the prevalence of DPN 

increases. Therefore, we conducted a different 

analysis to eliminate the effect of age and disease 

duration on the results. For example, under the 

circumstances of no obvious difference of age and 

diabetes duration among the three groups, the C-

peptide differed significantly. Furthermore, 

multiple logistic regression analysis showed a 

strong relationship between C-peptide and DPN 

even after adjustment for confounding factors 

including age, sex, diabetes duration, smoking 

status, BMI, SBP, ACEI/ARB use, FPG, HbA1c, 

TG and eGFR, indicating that C-peptide was 

independently associated with DPN. These results 

are consistent with other studies that included 

patients with lower HbA1c levels or shorter 

disease duration or younger age 
[10–12]

. 

The beneficial effects of C-peptide on the 

prevention of diabetes complications in type 1 

diabetes patients have been confirmed by various 

studies 
[8,9]

. In contrast, the role of C-peptide is not 

well-defined in type 2 diabetes. Experimental 

studies in type 1 diabetes showed that C-peptide 

specifically bound to cell surfaces, acting via a G-

protein-related receptor; it also led to 

autophosphorylation of the insulin receptor in the 

presence of insulin 
[20]

. Moreover, C-peptide 

stimulated p38 MAP-kinase and PI-3 kinase 

activities, and diminished the activation of JNK 

phosphorylation with subsequent effects on 

Na
+
/K

+
-ATPase activity and nitric oxide (NO) 

[21,22]
. C-peptide also ameliorated the altered 

expression of insulin-like growth factor-1, nerve 

growth factor and neurotrophin-3 and their 

respective receptors, which corrected neurofila-

ment (NF) and tubulin mRNA, and protein 

expression, as well as normalized the aberrant 

phosphorylation of NFs 
[23]

. C-peptide also 

stabilized the attachment of the α-Na
+
-channels at 

the nodal axolemma, and furthermore, it 

prevented a breach of the paranodal ion-channel 

barrier. These results correlate with the corrected 

effects of C-peptide on nodal and paranodal 

structural integrity 
[24,25]

. In addition to the direct 

effect of the C-peptide on DPN, the residual beta 

cell function as represented by C-peptide 

concentrations also plays an important role. This 

highlighted the importance of some treatment 

strategies, such as avoiding drugs that 

overstimulate beta cells and initiating insulin 

therapy at an appropriate time to preserve 

endogenous beta cell activity in the progression of 

type 2 diabetes. 

This study has some limitations that should be 

taken into account. First, due to its cross-sectional 

nature, we could not determine the causal 

relationship between the serum C-peptide levels 

and DPN. Thus, prospective studies are needed to 

confirm the protective effects of C-peptide on 

DPN. Second, the relationship between C-peptide 

levels and severity of DPN was not analyzed. 

Third, the clinical confirmed DPN should be 

validated by small fibre examinations, such as 

corneal confocal microscopy. Finally, the 

relationship between C-peptide levels and other 

microvascular complications was not investigated. 

This relationship will be evaluated in further 

studies. 

 

Conclusion 

Serum C-peptide levels were significantly 

associated with DPN in community-based type 2 

diabetic patients 

. 
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