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Abstract

AIMS—To examine the association of connecting peptide (C-peptide) and the risks of postpartum
diabetes and pre-diabetes among women with a history of gestational diabetes.

METHODS—A cross-sectional study of 1263 women with a history of gestational diabetes was
carried out at 1-5 years after delivery in Tianjin, China. Logistic regression was used to assess the
associations of C-peptide and the risks of diabetes and pre-diabetes.

RESULTS—The multivariable-adjusted odds ratios based on different levels of C-peptide (0—
33%, 34-66%, 67-90%, and >90% as C-peptide cutpoints) were 1.00, 1.93 (95% confidence
interval [CI] 0.85-4.39), 2.49 (95% CI 1.06-5.87), and 3.88 (95% CI 1.35-11.1) for diabetes (P
for trend <0.0001), and 1.00, 1.66 (95% CI 1.18-2.36), 2.38 (95% CI 1.56-3.62) and 2.35 (95%
Cl 1.27-4.37) for pre-diabetes (P for trend <0.0001), respectively. Restricted cubic splines models
showed a positive linear association of C-peptide as a continuous variable with the risks of type 2
diabetes and pre-diabetes. The positive association was significant when stratified by healthy
weight and overweight participants.

CONCLUSIONS—We found a positive association between serum C-peptide levels and the risks
of diabetes and pre-diabetes among Chinese women with a history of gestational diabetes. Our
finding suggested that elevated C-peptide levels may be a predictor of diabetes and pre-diabetes.

Corresponding author: Gang Hu, Chronic Disease Epidemiology Laboratory, Pennington Biomedical Research Center, 6400 Perkins

Road, Baton Rouge, LA 70808, Tel: 225-763-3053, Fax: 225-763-3009, gang.hu@pbrc.edu.
P.Y. and P. S. contributed equally to this work.

Conflict of Interest: The authors declare no conflict of interest.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our

customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of

the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yinetal. Page 2

Keywords
diabetes; pre-diabetes; C-peptide; gestational diabetes mellitus

1. Introduction

Connecting peptide (C-peptide), produced in equal amounts to insulin, is known to be a
useful marker of beta-cell function and can be used to assess endogenous insulin secretion 1.
In clinical practice, it helps to differentiate between type 1 and type 2 diabetes 2, detect
absolute insulin deficiency 3, and determine diabetes prognosis 3 6-9. Recently, several
studies have suggested that C—peptide is not only an insulin secretion marker but also a
biologically active peptide 10. C-peptide may provide much more important information for
choosing therapies, but very few studies have conducted to identify factors that might predict
the diabetes, especially in certain special populations, such as women with a history of
gestational diabetes mellitus (GDM). It is unclear if serum C-peptide is more effective in the
prediction of diabetes compared to the insulin application recommendations.

GDM, which is regarded as impaired glucose intolerance and first diagnosed during
pregnancy, complicates 7% of pregnancies in the U.S. and Asian women have a higher risk
for GDM compared with other groups~1°. The prevalence of GDM has increased from
2.4% in 1999 to 8.2% in 2012 in urban China 16 by using the WHO’s criterial’. Resolution
of impaired glucose tolerance (IGT) is usually accompanied by delivery of the baby. In the
past years, many studies have shown that women with a history of GDM have a significantly
increased risk for developing type 2 diabetes later in life 1819, However, very few studies
have observed the risk of elevated serum C-peptide on the development of diabetes after
delivery among women with GDM. Lappas M et al. 20 reported that postpartum C-peptide
was a significant risk factor for later type 2 diabetes in women with a history of GDM, but
the study was limited by the small sample size. Our study aims to examine the association
between plasma C-peptide and the risks of postpartum diabetes and pre-diabetes among
1263 women with a history of GDM.

2. Methods
2.1 Study population

A cross-sectional study of 1263 women with a history of GDM at 1-5 years after delivery
was performed using the survey data from the Tianjin Gestational Diabetes Mellitus
Prevention Program. The program is a randomized controlled trial (RCT) conducted among
GDM women living in six urban districts in Tianjin, China2L. Pregnant women from six
urban districts in Tianjin had been enrolled in a universal screening for GDM from 1999 to
2008. The average proportion of screened pregnancies was over 91%. All pregnant women
participated in a 1-h 50-g glucose screening test (GCT) at 26—-30 weeks’ gestation. Those
who had a glucose reading =7.8 mmol/L were invited to undergo a 75-g 2-h oral glucose
tolerance test (OGTT)6. We used the World Health Organization (WHO)’s criteria 17 to
define GDM. Women verified by a 75-g glucose 2-h OGTT test as either diabetes (a fasting
glucose =7 mmol/L or 2-h glucose =11.1 mmol/L) or IGT (2-h glucose =7.8 mmol/L and
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<11.1 mmol/L) were regarded as having GDM. A total of 4644 women with GDM from
2005 to 2009 were invited to join the program. Among them, 1,263 (27.2%) GDM women
were eligible and finished the visit during August 2009 and July 2011. No differences were
found between the returned and unreturned GDM women in age, fasting glucose, 2-h
glucose, and the prevalence of IGT and diabetes at 2630 gestational weeks’ OGTT22.
Informed consent was obtained from each participant.

All participants completed a self-administered questionnaire at the survey. The questionnaire
included the women’s history of GDM (fasting and 2-h glucose in the OGTT copied from
the center lab and the treatment of GDM during the pregnancy), socio-demographics (age,
marital status, education , income and occupation), family history (diabetes, hypertension,
coronary heart disease, stroke, cancer), dietary habits (participants completed a 3-day 24-h
food record with the instruction of a dietician), physical activity including sedentary
activities, frequency and duration of leisure time, other habits such as alcohol intake,
smoking habits and passive smoking status. The physical examination mainly included the
measurement of height, body weight, and blood pressure, and a blood test. The body weight
and height for all participants were measured by specially trained research doctors using a
standardized protocol. Height was measured to the nearest 0.1 cm, and weight was rounded
to the nearest 0.1 kilogram. BMI for all participants was calculated by dividing their weight
in kilograms by the square of height in meters. BMI was categorized as <24, 24 -27.9, and
>28 kg/m? based on the Chinese BMI cut-offs 2323, All participants’ venous blood samples
were collected before fasting at least 12 hours and 2 hours after the ingestion of 75¢g glucose.
Fasting plasma C-peptide was measured on an automatic analyzer (Siemens ADVIA centaur
XP).

2.2 Definition of type 2 diabetes and pre-diabetes after delivery

According to the American Diabetes Association (ADA)’s criteria, type 2 diabetes was
defined as fasting glucose =7.0 mmol/L and/or 2-h glucose >11.1 mmol/L 24, Pre-diabetes
was defined as either impaired fasting glucose (IFG, fasting glucose =5.6 mmol/L and <7.0
mmol/L), or IGT (2-h glucose >7.8 mmol/L and <11.1 mmol/L) 24. Those using antidiabetic
drugs in the examination were also included into the type 2 diabetes cases.

2.3 Statistical analysis

C-peptide was analyzed separately as a continuous variable, the four categories (<33%, 34—
66%, =67-90%, and >90%), or a binary variable grouped by median. We chose to analyze
C-peptide as four categories because we first divided participants into three groups based on
C-peptide levels (tertiles: <33%, 34-66%, =67%). Then we found the risks of diabetes and
pre-diabetes probably increased as C-peptide level increased, and added a new group
(>90%) to make balance of study samples and incident cases of diabetes and prediabetes in
each group. The means and standard deviations (SD) or proportions of the demographic and
lifestyle data were summarized by the four categories of C-peptide. Comparisons among
groups including continuous measures and categorical measures were respectively analyzed
by One-way ANOVA and XZ tests. Logistic regression models were performed to assess the
association between C-peptide concentrations and the risks of type 2 diabetes and pre-
diabetes. The different categories of C-peptide were included in the models (as dummy
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variables) and the significance of the trend over different categories was tested in the same
models with the median of each category as a continuous variable. The analyses were first
adjusted for age (Model 1), and then for years after delivery, education, family income,
family history of diabetes, smoking, passive smoking, alcohol drinking, leisure-time
physical activity, sitting time, total energy intake, dietary fiber intake, energy percent of
monounsaturated fat, energy percent of polyunsaturated fat, and energy percent of saturated
fat intake (Model 2), and further for BMI (Model 3) and fasting insulin (Model 4). In order
to determine the mediate effect of BMI between C-peptide and diabetes risk, we utilized a
mediation analysis. The P-values were two—-sided and the statistical significance was set at
P<0.05. All statistical analyses used SAS version 9.4 (SAS Institute Inc., Cary NC, USA)
The mediation analysis was conducted by Sobel Test and Bootstrapping Method with the
IBM SPSS Statistics for Windows, version 24.0 (IBM Corp., Armonk, N.Y., USA).

3. Results

The characteristics of the study participants based on different levels of C-peptide are shown
in Table 1. In the study population of 1263 women with a history of GDM, 401 (32.0%) and
83 (6.6%) women were diagnosed as pre-diabetes and type 2 diabetes, respectively. Plasma
C-peptide values of all GDM women ranged from 0.20 to 6.52 mg/dl with a mean + SD of
1.38 £ 0.65 mg/dl. BMI was positively associated with the plasma C-peptide level. Age-
adjusted partial correlation was 0.77 for C-peptide and fasting insulin (P <0.001).

The multivariable-adjusted (age, years after delivery, education, family income, family
history of diabetes, smoking, passive smoking, alcohol drinking, leisure-time physical
activity, sitting time, total energy intake, dietary fiber intake, energy percent of
monounsaturated fat, energy percent of polyunsaturated fat, energy percent of saturated fat,
and BMI (Model 3) odds ratios based on different levels of C-peptide (0-33%, 34-66%, 67—
90%, and >90%) were 1.00, 1.94 (95% CI 0.86-4.41), 2.54 (95%CI 1.11-5.82), and 4.06
(95%CI 1.60-10.3) for type 2 diabetes (P for trend <0.0001), and 1.00, 1.73 (95%CI 1.23-
2.44), 2.65 (95%CI 1.81-3.87), and 2.91 (95%CI 1.75-4.84) for pre-diabetes (P for trend <
0.0001), respectively (Table 2). After additional adjustment for fasting insulin (Model 4),
these positive associations did not change (P for trend < 0.0001). When C-peptide was
considered as a continuous variable, multivariable-adjusted ORs (Model 4) were 1.73 (95%
Cl 1.10-2.70) for type 2 diabetes and 1.73 (95% CI 1.24-2.43) for pre-diabetes,
respectively. The restricted cubic splines models showed a positive linear association of C-
peptide as a continuous variable with the risks of type 2 diabetes and pre-diabetes (Figure 1).

We utilized the mediation analysis for BMI on the association of C-peptide with the risks of
diabetes and pre-diabetes. The direct effect of C-peptide on diabetes risk was 0.43, SE =
0.14, P=0.002; the indirect effect of C-peptide on diabetes risk mediated through BMI was
0.28, SE = 0.068, p<0.001. In pre-diabetes analyses, the direct effect of C-peptide on pre-
diabetes risk was 0.39, SE = 0.08, p<0.001; the mediate effect for BMI on the association of
C-peptide with pre-diabetes risk was 0.22, SE = 0.004, p<0.001. BMI was the intermediator
of C-peptide with the risks of diabetes and pre-diabetes and it had part of the mediation
effect and explained 39.4% of the total effect in diabetes risk and 36.1% of the total effect in
pre-diabetes risk, respectively.
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We also calculated the odds ratios of diabetes and pre-diabetes based on different levels of
C-peptide and BMI (normal weight—-BMI <24 kg/m?2 and overweight - BMI =24 kg/m?2). The
positive associations of C-peptide level with the risks of type 2 diabetes and pre-diabetes
were consistent among normal weight and overweight women with GDM (all P for trend
<0.05) (Table 3). There were no statistically significant interactions of C-peptide and BMI
on the risks of diabetes and pre-diabetes (all P>0.1).

4. Discussion

In the present study, we found positive associations of plasma C-peptide with the risks of
postpartum type 2 diabetes and pre-diabetes among women with a history of GDM
independent of major diabetes risk factors including BMI and fasting insulin.

The present study demonstrated that the C-peptide level progressively increased from
women with normal glucose through those with pre-diabetes and diabetes. The higher
concentrations of C-peptide were associated with an increased risk of pre-diabetes and
diabetes. While the clinical role of C-peptide has not been routinely recommended as a
measure of risk for type 2 diabetes, C-peptide has been advocated as a tool to screen people
at a high risk of diabetes. C-peptide has been mainly used in differentiating Type 1 and Type
2 diabetes and the treatment change in insulin treated patients in the clinic. Although the
present study indicated the strong correlation between C-peptide levels and fasting insulin,
we also found a graded positive association between C-peptide values and the risks of type 2
diabetes and pre-diabetes independent of fasting insulin and BMI and other major diabetes
risk factors. Our current observations support the report of Chailurkit, et al2>. Chailurkit, et
al indicated that C-peptide levels progressively increased from the normal glucose tolerance
to the diabetic subjects. They found that serum C-peptide was more strongly associated with
newly diagnosed diabetes than insulin, and was an independent risk factor associated with
newly diagnosed diabetes in Thais.

Until now, very few studies have assessed the association between C-peptide levels and
diabetes risk among women with a history of GDM. Two studies have assessed this
association but with small study sample sizes. Lappas et al. found fasting plasma glucose
during pregnancy and post-partum, and post-partum C-peptide levels were significant risk
factors for the development of postpartum type 2 diabetes among 118 women with a history
of GDM20, However, Lin et al. 26 indicated that there were no significant differences in
fasting C-peptide levels at least six weeks after delivery among 127 prior GDM women with
normal glucose tolerance, abnormal glucose tolerance, and diabetes after delivery. The
present study included 1263 women with a history of GDM and found a positive association
between serum C-peptide levels and the risks of diabetes and pre-diabetes among Chinese
women with a history of gestational diabetes which was independent of other major diabetes
risk factors including BMI and fasting insulin.

Obesity is known to be a major risk factor for type 2 diabetes. The central role of obesity has
been shown to mediate a systemic inflammatory response with potential downstream insulin
resistance and glucose dysregulation?”: 28, The body fat has been reported to compensate for
impaired beta cell function?2, A recent study by Lin et al. noted that pre-pregnancy obesity
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and excessive weight gain from pre-pregnancy to postpartum increased postpartum diabetes
and pre-diabetes risks among GDM women 26. The present study showed both BMI and C-
peptide levels were important risk factors of diabetes in women with GDM, and the
significant and positive associations were independent of each other. In addition, we found
that the positive associations between plasma C-peptide with the risks of type 2 diabetes and
pre-diabetes persisted among normal weight and overweight GDM women. Thus, we
thought that C-peptide independently contributed to the increased risks of diabetes and pre-
diabetes in GDM women.

There was an advantage of the present study: the large sample size of women with GDM.
Another important strength of our study was that diagnoses of diabetes and pre-diabetes
were based on a postpartum 2-hour 75 g OGTT. Limitations of this study included the cross-
sectional nature of the study and only GDM participants but lacking the normal glucose
participants as the control group.

5. Conclusions

We found a positive association between plasma C-peptide levels and the risks of diabetes
and pre-diabetes among Chinese women with a history of GDM. More studies are needed to
confirm our results. Our finding suggested that elevated C-peptide levels may be a predictor
of postpartum diabetes and pre-diabetes among GDM women.
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Highlights
The association of C-peptide and the risks of postpartum diabetes and pre-diabetes

among women with a history of GDM was examined.

The analysis showed a positive association between plasma C-peptide levels and
the risks of diabetes and pre-diabetes among Chinese women with a history of
GDM.

It suggested that elevated C-peptide levels may be a predictor of postpartum
diabetes and pre-diabetes among GDM women.
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Odds ratios (solid line) and 95% confidence interval (dashed lines) for type 2 diabetes and
pre-diabetes according to different levels of C-peptide among women with a history of
GDM. Adjusted for age, years after delivery, education, family income, family history of
diabetes, smoking, passive smoking, alcohol drinking, leisure-time physical activity, sitting
time, total energy intake, dietary fiber intake, energy percent of monounsaturated fat, energy
percent of polyunsaturated fat, energy percent of saturated fat, body mass index and insulin.
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