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Abstract

The relationship between glycaemia and lipoprotein metabolism has not been completely clarified, and slight differences may be found
between local authors, trials and evaluated parameters. Therefore this cross-sectional study investigated fasting cholesterol and glucose
levels along with the determination of atherogenic index in a cohort of healthy individuals from the Czech Republic in relation to their
fasting C-peptide levels. Data were collected between 2009 and 2018 and a total of 3189 individuals were stratified by C-peptide reference
range (260-1730 pmol/]) into three groups — below (n = 111), within (n = 2952) and above (n = 126). Total, HDL, LDL cholesterol and
atherogenic index were used to compare lipoprotein levels by relevant C-peptide concentrations. Participants using the supplements
to affect lipid or glycaemia metabolism were excluded from this study. The evaluation of blood parameters in a fasting state included
correlations between C-peptide and cholesterols, differences of variances (F-test) and the comparison of lipoprotein mean values (t-test)
between the groups created by the C-peptide reference range. Mean values of total (4.9, 5.1, 5.3 mmol/l), LDL (2.6, 3.1, 3.4 mmol/])
cholesterol and atherogenic index (2.1, 2.8, 3.7) were higher with increasing C-peptide levels, whereas HDL was inversely associated
with fasting C-peptide concentration. A positive and negative correlation between atherogenic index (r,, = 0.36) and HDL level
(ry = -0.36) with C-peptide values was found. Differences of HDL, LDL and atherogenic index were, in particular, recorded between the
groups below and above the reference range of C-peptide (p < 0.001). Considerable differences (p < 0.001) were also observed for the same
lipoprotein characteristics between the groups above and within the C-peptide reference. Generally, the type of cholesterol is crucial for
the evaluation of specific changes concerning the C-peptide range. Lipoprotein concentrations differ in relation to C-peptide — not only
below and above the physiological range, but also inside and outside of it.

Conclusions: Fasting levels of cholesterol, plasma glucose, and atherogenic index were strongly associated with fasting C-peptide levels
in healthy individuals. Our data suggest that fasting C-peptide could serve as a biomarker for the early detection of metabolic syndrome
and/or insulin resistance prior to the manifestation of type 2 diabetes.
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Highlights:

+ Metabolic syndrome and insulin resistance seem to be associated with the changes in lipoprotein profiles and other biomarkers.

+ Elevated or decreased C-peptide levels are a useful surrogate for the presence of metabolic syndrome and insulin resistance.

+ Ina cohort of healthy individuals from the Czech Republic, total, LDL and HDL cholesterol as well as atherogenic index were strongly
associated with fasting C-peptide levels above the upper limit of the reference range of 1730 pmol/L.

+ Compared to individuals with lowest fasting C-peptide (<260 pmol/l), total, LDL and atherogenic index were significantly increased in
normal reference fasting C-peptide group or above, whereas HDL cholesterol was inversely correlated with increasing C-peptide levels.

+ Fasting C-peptide could serve as a biomarker for the early detection of metabolic syndrome and/or insulin resistance in healthy
individuals who are at elevated risk of atherosclerosis prior to the manifestation of type 2 diabetes.

+ These results in healthy individuals confirm previous findings from other populations and support fasting C-peptide to be a valuable
diagnostic biomarker in routine clinical practice.

+ Fasting C-peptide is a suitable parameter for primary and secondary prevention of metabolic disorders.
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Introduction

C-peptide has been evaluated as an important parameter of
effective insulin secretion. Some authors have determined the
assessment of C-peptide as a cornerstone of basic analysis in
normally glucose tolerant patients too, because it could reveal
adverse insulin secretion and glycaemia changes. Consequent-
ly, repeated detections of C-peptide can be used for nutritional
corrections during the management of therapy (Leighton et
al., 2017).

An important trait of C-peptide is higher metabolic stabili-
ty in comparison to the insulin. The degradation rate of C-pep-
tide in the body is slower and thus affords a more balanced
testing window of beta cell functionality (Yosten et al., 2014).
Furthermore, administered exogenous insulin does not affect
C-peptide levels and therefore reliably reflects its original se-
cretion (Jones and Hattersley, 2013; Kulkarni and Patil, 2016).
Except for direct consideration of insulin secretion and glycae-
mia, C-peptide has already been considered in the relationship
to nerve, kidney, cardiovascular functions and lipid metabo-
lism (Hirai et al., 2008; Pickens et al., 2016).

Because the mechanism of C-peptide acting on lipopro-
teins remains partially unclear, some trials have aimed to re-
veal the association between serum C-peptide and the lipopro-
teins (Rebsomen et al., 2008). To test this hypothesis, Li et al.
(2015) compared HDL concentrations by different quartiles
of C-peptide in the individuals without diabetes. The results
confirmed a possible relationship between HDL and C-peptide,
and recommended the analysis of C-peptide as an important
factor of cardiovascular diseases. C-peptide, cholesterols and
triglycerides concentrations in non-diabetic patients have
also been linked with other metabolic and body parameters
(e.g. obesity characteristics) (Andrade et al., 2018). Gradual-
ly, C-peptide values have come to be considered as crucial for
possible correlation with the circumstances of cardiovascular
diseases (Harnishsingh and Rama, 2018).

On the other hand, some trials have remained ambiguous
due to unclear mechanism between glycaemia and lipoprotein
parameters. No association was recorded in the study of Wa-
hab et al. (2018), including insulin and C-peptide levels with
regards to cardiovascular incidence after the consideration of
other risk factors. Similarly, no correlation was also found be-
tween C-peptide and cardiovascular mortality after the adjust-
ments linked with lipid (HDL cholesterol, triglycerides) and
glycaemia parameters (Bo et al., 2012).

However, the anti-lipolytic and vasodilator effects of
C-peptide suggest that they may contribute to the fine-
tuning of metabolic tissues under different physiological con-
ditions and thus should not be underestimated (Andrade et al.,
2018; Min and Min, 2013). The fact that such a small number
of studies have shown the relationship between C-peptide and
metabolic cardiovascular risk factors suggest a need to analyze
this principle (Ghorbani and Shafiee-Nick, 2015).

Material and methods

Patient and sample distribution

Metabolic profiles of correlative study were collected in the
Czech Republic from 2009 to 2018. All participants gave their
consent to anonymous data analysis. The evaluation didn’t
prefer any subjects under special, social, cultural fitness condi-
tions. The patients included were aged 18-78 (n = 3189) to get
an optimal profile of the population. Generally, the patients

with the diagnoses or specific therapy that could affect investi-
gated parameters were excluded. This limitation also included
the supplements to affect insulin, glucose or lipid concentra-
tions. After summaries of information on the subjects had
been prepared, they were properly processed (centrifuging, se-
rum preparation, etc.) and analyzed. All samples were taken in
an overnight fasting state (minimum of 8 hours) to test basal
metabolism.

Laboratory analysis

All serum and plasma biochemical parameters were determined
from venous blood. C-peptide and insulin concentrations were
analyzed by regulatory impact assessment methodology from
the plasma with the use of immunochemical methods. Glucose
concentrations were measured enzymatically as well as total
cholesterol (enzymatic assays). Homogeneous methods were
used for the detection of HDL and LDL in auto-analyzers. All
biochemical parameters for tests were provided by the instruc-
tions of manufacturers (Roche Diagnostics, Abbott Laborato-
ries) with a strict following of the measurement continuity.
The same methodology has been used for the testing of the
relationship between C-peptide and glycated haemoglobin, in-
sulin and glucose in non-diabetic patients (Khan et al., 2018;
Mathews et al., 1985; Pozzan et al., 1997).

Parameters for evaluation

The reference range of C-peptide (260-1730 pmol/l) was
adapted to the Czech Republic (Methodology of C-peptide...,
2020). Different units of C-peptide concentrations were re-cal-
culated using the following rules (1 nmol/l = 1 pmol/ml =
1000 pmol/l = 3 ng/ml) (Ghorbani and Shafiee-Nick, 2015).
Total cholesterol, HDL and LDL levels and atherogenic index
contributed to the investigation of lipoprotein profile. Men-
tioned cholesterols were compared with the reference range
(total 2.9-5.0, HDL 1-2.1, LDL 1.2-3.0 mmol/]) valid for the
Czech Republic (Methodology of C-peptide..., 2020). Similar
methods have been used by Diaz-Ruiz et al. (2019) in the trials
describing hydro-carbonated alterations with different frac-
tions of cholesterol.

Lipoprotein values were divided by the C-peptide reference
range (260-1730 pmol/]) into three subgroups: below, with-
in and above this scale. Cholesterol concentrations had to be
relevant for individual C-peptide levels. Atherogenic index
contributed to the measurements of lipoprotein fractions with
calculations done under the rules: total-HDL/HDL cholesterol
(mmol/]). The range was set on the scale: below 3 (optimal),
3-4 (including - lower risk) and above 4 (higher risk of cardio-
vascular diseases).

Statistical analysis

Basic statistical parameters were calculated for all groups:
number of values (n), arithmetic mean (X), standard deviation
(Sy), variance (0), minimum (Max), maximum (Min). Lower
whiskers, upper whiskers, quartiles and medians identified
data distribution. To test possible association between var-
iables, the Pearson’s correlation coefficients (rxy) were deter-
mined with limits of significance of: r,, = 0.1 - low, r,, = 0.3 -
middle, 7, = 0.5 - high. The F-test (with quantile Fy g75) was
performed to consider the quality of variance and to select the
right type of t-test. The normality and possible convergence
were not limiting because the right types of t-test processes
mean values were reached in order of tens as normal distri-
bution (central limit theorem) (Zvara and gtépén, 2002). The
level for statistical significance (Hy vs H,) was set to be at least
0.05 > p 2 0.01 (significant *) 0.01 > p > 0.001 (moderately sig-
nificant **) and highly significant *** (p < 0.001).
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The calculation of basic data was performed using Micro-
soft Excel (MS Office — Excel version 16), and this software
was also used to prepare the file for subsequent analysis (the
exclusion of patients using dietary supplements, the ranges of
C-peptide and lipoproteins, glycaemia, insulin). StatPlus (ver-
sion 7, L.E. 6.9.1.0) provided the information about the data
distribution (quartiles, histogram), possible relationships or
the differences (the correlations, F-test, t-test). Software Sta-
tistica (version 12) confirmed the statistical results and ena-
bled the graphical process of values. To maintain the quantity
and data distribution, the file was not divided by gender and

critical values of characteristics were set for both genders and
not separately.

Results

Characteristics of groups

Statistical characteristics of the groups with various ranges of
C-peptide concentrations are shown in Table 1 and Charts 1-5.
Comparison of mean values for the groups with various C-pep-
tide ranges and the optimal scale is described in Table 2.

Table 1. Statistical characteristics of the groups with various C-peptide concentrations

Individuals with C-peptide concentration <260 pmol/l

Parameters Age (5) Glucose Insulin C-peptide Cholesterols (mmol/1) Ath.erogenic
(mmol/1) (mIU/) (pmol/l) Total HDL LDL index
n 111 111 111 111 111 111 111 111
4 38.1 5.1 2.6 205.1 49 1.7 2.6 2.1
Sy 10.8 0.5 11 50.1 0.9 0.5 0.7 1.0
o 117.2 0.2 1.3 2513.7 0.8 0.2 0.5 0.9
Min 19 3.5 0.6 29.0 2.5 0.9 11 0.6
Max 70 6.5 11.8 260.0 8.1 3.7 5.1 4.8
Individuals with C-peptide concentration 261-1730 pmol/l
n 2952 2952 2952 2952 2952 2952 2952 2952
4 40.8 5.4 10.5 764.1 5.1 1.5 3.1 2.8
Sy 114 0.7 47.0 322.6 1.0 0.4 0.9 1.2
o 130.8 0.5 2209.3 104 084.5 1.0 0.2 0.8 1.5
Min 18 3.3 2.0 263.0 2.3 0.6 0.5 0.2
Max 78 18.0 2301.0 1730.0 10.3 3.8 7.2 10.6
Individuals with C-peptide concentration 21731 pmol/1
n 126 126 126 126 126 126 126 126
< 47.4 6.2 57.0 2674.7 5.3 1.2 3.4 3.7
Sy 10.8 1.0 85.7 1490.9 11 0.4 0.9 1.3
o 116.9 0.9 7340.9 2222758.5 1.2 0.1 0.8 1.7
Min 22 4.3 5.5 1740.0 3.0 0.7 1.3 1.0
Max 73 10.7 331.9 6810.0 8.7 3.1 6.1 7.1
Table 2. Comparison of mean values for groups with various C-peptide ranges
C-peptide ranges Glucose (mmol/l) Insulin (mIU/1) Cholesterols (mmol/l Atherogenic index
(pmol/) Total HDL LDL
<260 5.1 2.6 4.9 1.7 2.6 2.1
261-1730 5.4 10.5 5.1 1.5 3.1 2.8
21731 6.2 57.0 5.3 1.2 3.4 3.7
Optimal range* 3.9-5.6 2.5-24.0 2.9-5.0 1.0-2.1 1.2-3.0 2.0-3.0

* Friedecky et al., 2016; Karen et al., 2014; Mathews et al., 1985; Methodology of C-peptide..., 2020.
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C-peptide ranges (pmol/l) Share (%)
0-500 24.0
17.9%
) 500-1000 51.2
1000-1500 17.9
1500-2000 4.8
2000-2500 1.2
2500-3000 0.2
23000 0.7
\51.2%
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Chart 1. Data distribution of C-peptide in tested file - histogram
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<260 pmol/1 3.1 4.3 4.9 5.4 7.0
261-1730 pmol/l 3.3 4.4 5.1 5.7 7.4
21731 pmol/l 3.3 4.5 5.2 6.0 7.6

Chart 2. Data distribution of total cholesterol with various ranges of C-peptide

Mean glucose concentrations (5.1, 5.4 mmol/l) oscillat-
ed under the upper limit of the optimal scale (5.6 mmol/l) in
the groups below and within the reference range of C-peptide
(261-1730 pmol/l). Naturally, the highest level of glucose
(6.2 mmol/]) was reached by the group with a C-peptide con-
centration above 1731 pmol/l. Insulin showed a similar ten-
dency to that of glucose — and this became higher with increas-
ing C-peptide. Measured insulin (2.6 and 10.5 mIU/]) in the
groups below and within the reference range of C-peptide was
lower than the upper limit (24 mIU/]). The highest insulin level
(57.0 mIU/1) was analyzed in the group with C-peptide above
1731 pmol/l and represents more than double the concentra-
tion of the optimum (2.5-24.0 mIU/1).

Approximately half of C-peptide concentrations (51.2%)
appeared in the range 500-1000 pmol/l, and almost a quarter
of samples (24.0%) reached concentrations under 500 pmol/l.
The individuals with C-peptide levels between 1000 and
1500 pmol/l formed 17.9% of all tested subjects. The share of
samples rapidly dropped (below 4.8%) with C-peptide levels
above 1500 pmol/L.

As well as glucose, total cholesterol concentrations (4.9,
5.1, 5.3 mmol/]) fluctuated around the upper limit of the ref-
erence range (2.9-5.0 mmol/l). The changes in total cholester-
ol have a slight tendency to increase with growing C-peptide
groups (medians 4.9, 5.1, 5.2 mmol/l). Mean values of LDL
(2.6, 3.1, 3.4 mmol/l) oscillating around the upper limit of
the reference range (3.0 mmol/l) also showed a similar trend.
Increasing LDL levels were recorded both in mean values
(2.6, 3.1, 3.4 mmol/l) and in areas of data (medians 2.5, 3.0,
3.3 mmol/l) with higher C-peptide.

HDL was one of the parameters which appeared within the
optimal range (1.0-2.1 mmol/]) regardless of the C-peptide
scale. Aside from other types of lipoproteins, the concentra-
tion of HDL was decreased (1.7, 1.5, 1.2 mmol/l) in compari-
son to higher C-peptide range. Increasing values (2.1, 2.8, 3.7)
of atherogenic index occurred between the groups with lower
(below 260 pmol/l), optimal and high concentration of C-pep-
tide. Overall, the values of atherogenic index (3.7) exceeded
the upper limit (up to 3.0) in the group above the reference
C-peptide range.
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Chart 5. Data distribution of atherogenic index with various ranges of C-peptide

Statistical analysis

To test possible correlations between C-peptide and lipopro-
tein parameters, the Pearson’s correlation coefficients (ry,)
were determined (Table 3).

Table 3. Correlations between C-peptide and cholesterols

Pearson’s Total HDL LDL Atherogenic
correlation cholesterol cholesterol cholesterol index
coefficients  (mmol/l) (mmol/1) (mmol/1)

(rey)

C-peptide ~

(pmmol/1) 0.04 0.36 0.17 0.36

A negative correlation (rXy = —0.36) was found between
C-peptide and HDL concentrations. A similar relationship, but
with an opposite trend, was recorded between C-peptide and
atherogenic index (rXy = 0.36). Other correlations (C-peptides,
total and LDL cholesterols) seemed to be non-significant (rXy =
0.04, 0.17). Subsequent regression analysis was not evaluated
due to lower results of correlation coefficients (up to 0.5).

The F-test was used to determine the equality of variance
between the groups with different C-peptide ranges (Table 4).

Table 4. Results of F-test/critical values between lipoproteins at different ranges of C-peptide (pmol/1)

Total cholesterol (mmol/1)

F-test result/critical value
C-peptide <260

C-peptide 261-1730 C-peptide 21731

C-peptide <260 -
C-peptide 261-1730 0.85*/0.79

0.85*/0.79 0.71/0.74
- 0.83*/0.82

HDL cholesterol (mmol/l)

F-test result/critical value

C-peptide <260

C-peptide 261-1730

C-peptide 21731

C-peptide <260
C-peptide 261-1730

1.12/1.24

1.12/1.24

1.69%/1.35
1.51%/1.25

F-test result/critical value

LDL cholesterol (mmol/l)

C-peptide <260

C-peptide 261-1730

C-peptide 21731

C-peptide <260
C-peptide 261-1730

0.67/0.79

0.67/0.79

0.61/0.74
0.91*/0.82

F-test result/critical value

Atherogenic index

C-peptide <260

C-peptide 261-1730

C-peptide 21731

C-peptide <260
C-peptide 261-1730

0.61/0.79

0.61/0.79

0.54/0.74
0.88*/0.82

*p < 0.05.
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The variances of total, HDL, LDL and atherogenic in-
dex showed statistically significant differences (p < 0.05) be-
tween the optimal range (261-1730 pmol/l) and higher level
of C-peptides (21731 pmol/l). The variances of HDL also dif-
fered between non-physiological groups of C-peptide range
(2260 pmol/l and 21731 pmol/l). In the case of total cho-

lesterol, the variances seemed to be statistically significant
between lower limit (<260 pmol/l) and the reference range
(261-1730 pmol/l) of C-peptide.

Based on the F-test results, the right type of t-test was
determined to compare lipoprotein values within the groups
with different C-peptide concentration ranges (Table 5).

Table 5. Results of t-test/critical values between lipoproteins at different range of C-peptide (pmol/l)

Total cholesterol (mmol/1)

t-test result/critical value
C-peptide <260

C-peptide 261-1730 C-peptide 21731

C-peptide <260 -
C-peptide 261-1730 2.97/1.97

2.97**/1.97 3.23*/1.97
- 1.95/1.97

HDL cholesterol (mmol/l)

t-test result/critical value

C-peptide <260

C-peptide 261-1730

C-peptide 21731

C-peptide <260
C-peptide 261-1730

3.61**/1.96

3.61**/1.96

8.32"*/1.98
7.54***/1.98

t-test result/critical value

LDL cholesterol (mmol/l)

C-peptide <260

C-peptide 261-1730

C-peptide 21731

C-peptide <260
C-peptide 261-1730

5.75***/1.96

5.75"**/1.96

7.36"**/1.97
4.34*/1.97

Atherogenic index

t-test result/critical value
C-peptide <260

C-peptide 261-1730 C-peptide 21731

C-peptide <260 -
C-peptide 261-1730 5.91**/1.96

5.91**/1.96 11.02***/1.97

- 8.61***/1.98

**0.01 > p > 0.001; ** p < 0.001.

The mean values of lipoproteins (HDL, LDL and ather-
ogenic index) at different C-peptide concentrations showed
statistically significant changes (p < 0.001), especially between
the groups below and above the reference range (261-1730
pmol/1).

Similar statistical results with high significance (p < 0.001)
appeared between HDL, LDL and atherogenic index in the
groups above (21731 pmol/l) and within the reference range
(261-1730 pmol/l) of C-peptide. The LDL and atherogenic
index reached significant differences (p < 0.001) not only by
comparing the values with the C-peptide reference scale, but
also inside and outside of it.

Discussion

The parameters of glycaemia in tested samples (glucose
5.4 mmol/l, insulin 10.5 mIU/]) occurring within the range
of C-peptide (261-1730 pmol/l) correspond with the re-
sults of non-diabetic patients (glucose 5.43 mmol/l, insulin
9.13 mIU/]) in the Czech Republic for the year 2018. Equal-
ly, the values of total, HDL and LDL cholesterols (5.1, 1.5 and
3.1 mmol/l) within the reference range of C-peptide ap-
proached the mean values in glucose tolerant patients (5.11,
1.46, 3.02 mmol/]) in the same study (Horakova et al., 2019).
The correlation between the C-peptide fasting serum, HDL
and triglyceride level (p < 0.001) has already been recorded in
the trials since 1983. Multiple regressions provided by Gar-
cia-Webb et al. (1983) discovered that the association between
C-peptide and HDL cholesterol was a consequence of interre-
lated associations between C-peptide, triglycerides and choles-

terols. The tests of insulin parameters and serum lipid in the
trial of Walton et al. (1995) also showed that fractions of HDL
(HDL 2) in healthy men positively correlated with C-peptide
levels.

However, mutual relationship between fractions of lipo-
proteins and glycaemia has been found in an opposite ten-
dency too. Negative correlation appeared between C-peptide
(as markers of insulin resistance) and HDL concentrations in
the Brazilian cohort study (Andrade et al., 2018). The tests of
logistic regression in non-diabetic participants also confirmed
a strong negative association between the levels of C-peptide
and HDL (p < 0.001). The analysis of data distribution deter-
mined that the values of second, third and fourth quartile were
linked with the gradual reduction of HDL in serum (Li et al.,
2015). Although a causality of the observations remains un-
clear, high values of C-peptide and low HDL levels were also
discovered by Patel et al. (2012) in a USA retrospective study
in glucose tolerant patients.

Regarding the results of this trial and some authors’ con-
clusions, it is possible to recommend C-peptide as a signal of
lipoprotein metabolism changes and to consider this as signif-
icant for other cardiovascular disease investigations (Min and
Min, 2013; Pickens et al., 2016).

Conclusions

The evaluations of glycaemia parameters have recently ex-
panded to other metabolic assessments of lipoproteins, tri-
glycerides, thyroid hormones or cardiovascular system func-
tions. These results suggest the importance of what type of
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lipoprotein parameter should be linked to the relationship
with glycaemia metabolism. The C-peptide reference range of
260-1730 pmol/l has been determined as a relevant factor for
possible alterations of cholesterol fractions. Based on these
conclusions, the C-peptide is relevant — not only as a param-
eter of insulin secretion — but also as a useful indicator of li-
poprotein changes during the development of metabolic syn-
drome and the atherogenesis.
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