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Abstract
The study focused on changes or cut-offs of glycaemia, insulin resistance and body mass index within the C-peptide reference range
(260-1730 pmol/l). The metabolic profile of individuals in the Czech Republic without diabetes (n = 3186) was classified by whiskers
and quartiles of C-peptide into four groups with the following ranges: 290-510 (n = 694), 511-710 (n = 780), 711-950 (n = 720) and
951-1560 pmol/l (n = 673). Fasting levels of glucose, insulin, HOMA IR (Homeostasis Model Assessment for Insulin Resistance) and BMI
(body mass index) were compared by a relevant C-peptide range. Participants taking medication to control glycaemia were excluded. The
evaluation involved correlations between C-peptides and the above parameters, F-test and t-test. Changes in glucose levels (from 5.3 to
5.6 mmol/]) between the groups were lower in comparison to insulin, which reached relatively greater changes (from 4.0 to 14.2 mIU/).
HOMA IR increased considerably with growing C-peptide concentrations (0.9, 1.5, 2.2 and 3.5) and BMI values showed a similar trend
(28.3, 31.0, 33.6 and 37.4). Considerable changes were observed for insulin (5.2 mIU/], 57.8%) and HOMA IR (1.3, 61.3%) between
groups with C-peptide ranges of 711-950 and 951-1560 pmol/l. Although correlations involving C-peptide, insulin, glucose and BMI
seemed to be non-significant (up to ry, = 0.25), the mean values of insulin, HOMA IR and BMI showed statistically significant changes
between all groups with various C-peptide concentrations (p < 0.001).

Generally, most important differences appeared in glucose metabolism and body mass index between C-peptide ranges of 711-950
and 951-1560 pmol/l.

Absolute and relative changes of C-peptide concentrations are possible to use for the assessment of glucose regulatory mechanism.
The spectrum of investigated parameters could be a useful tool to prevent the risks linked with the alterations of glycaemia.
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Highlights:

+ Glycaemia, insulin resistance and body mass index already change within the C-peptide reference range.

+ Major changes in glucose metabolism and body mass index values appeared between C-peptides ranges of 711-950 and
951-1560 pmol/1.

+ The mean values of insulin, HOMA IR and BMI showed statistically significant differences between all groups with growing C-peptide
concentrations.

beta cell function. However, C-peptide has also been report-
ed to have its own biological activity and has been known to
stimulate glucose transport via a mechanism independent

Introduction

C-peptide constitutes a segment of insulin synthesis. Proteo-
lysis of proinsulin leads to release of equimolar amounts of in-
sulin and C-peptide (Toffolo et al., 1995). Therefore, C-peptide
is considered an equivalent to insulin production and reflects

of insulin receptors (Zierath et al., 1996). The basic feature
of C-peptide, commonly used in the detection, is its half-life
(Palmer, 2009). Unlike insulin, C-peptides are not degraded by
the liver and coexist in secretory granules from where they are

* Corresponding author: Vladimir Kron, Center for Metabolic Assessment of prof. MUDr. Karel Martinik, DrSc., s.r.0., Brat#i Stefanii
895, 500 03, Hradec Kralové, Czech Republic; e-mail: vladimir.daniel. kron@gmail.com

http://doi.org/10.32725/jab.2020.018

Submitted: 2020-07-17 « Accepted: 2020-11-28 « Prepublished online: 2020-12-08

J Appl Biomed 18/4: 136-142 « EISSN 1214-0287 « ISSN 1214-021X

© 2020 The Authors. Published by University of South Bohemia in Ceské Budéjovice, Faculty of Health and Social Sciences.

This is an open access article under the CC BY-NC-ND license.



Kron et al. / J Appl Biomed 137

simultaneously released into the capillary loop (Cardellini et
al.,, 2017). Therefore, the determination of C-peptide can be
used to distinguish between type 1 and type 2 diabetes melli-
tus (Pujia et al., 2017).

The association between C-peptide and glycaemia param-
eters has been addressed in many studies worldwide. Wang et
al. (2019) used fasting C-peptide concentrations as biomark-
ers of insulin production or resistance. Recorded quartiles of
C-peptide were used to establish individual cut-offs for pos-
sible incidence of cardiovascular risks. Similarly, Christensen
et al. (2019) evaluated a covariance between fasting C-peptide
and glucose and found that C-peptide concentrations were
associated with greater variability of glycaemia. According to
Smith et al. (2019), correct C-peptide interpretation should
be supplemented with simultaneous blood glucose measure-
ments. Pinckney et al. (2016) focused on possible regression
between glycaemia parameters and C-peptide concentration.
They tested possible associations between C-peptide levels,
glycaemia variability and hypoglycaemic events.

Although many authors have agreed on a need for C-pep-
tide and glycaemia analyzes, another question is the optimal
range and cut-offs for glycaemia alterations. Buse et al. (2008)
mentioned that optimal fasting C-peptide levels should be
from 0.5 to 2.0 ng/ml (165.5-662.2 pmol/]). Pagana and Pa-
gana (2013) used an optimal range of 0.78-1.89 ng/ml (260-
620 pmol/l) for fasting C-peptide levels to determine abnor-
mal glycaemia parameters. Concentrations above 2.0 ng/ml
(662 pmol/l) were considered increased. Yosten et al. (2014)
used a narrower range of physiological fasting C-peptide plas-
ma concentrations of 0.9 to 1.8 ng/ml (298.0-596.0 pmol/l).
Wahren (2004) recommended higher reference values
(1.1-4.4 ng/ml or 463.5-1456.8 pmol/]) of fasting C-peptide.

Slight differences may be found between recommenda-
tions by local authors, laboratories and manufacturers of
analytical devices. The Diagnostic Products Corporation, a
company using chemiluminescent immunoassays to detect
C-peptide concentrations, recommended an optimal range of
364-1655 pmol/l (S-C-peptide analyze, 2020). A manufacture
of electro-chemiluminescence immunoassay devices set the
optimal C-peptide level at 520 + 169 pmol/l and mentioned
that the concentration of C-peptide, although 3-fold higher af-
ter stimulation, is still physiological (C-peptide serum analyze,
2020). Mayo Medical Laboratories consider optimal reference
values to be 1.4-4.4 ng/ml (463.5-1456.8 pmol/l) (Test ID:
CPR, C-Peptide serum, 2020).

Material and methods

Metabolic profiles of correlative study were collected in the
Czech Republic from 2009 until 2017 and all participants gave
consent to anonymous data analysis. This evaluation involves
the experience of metabolic institute and primarily didn’t
prefer any subjects under special, social, cultural fitness con-
ditions. The patients included were aged 15-78 (n = 3186) to
ensure an optimal profile of the population. Individuals receiv-
ing therapy or supplements to treat abnormal lipid or glucose
metabolism were excluded. After summaries of information
on the subjects had been prepared, all samples were properly
processed (centrifuging, serum preparation etc.) and analyzed.

C-peptides and insulin concentrations were analyzed by
regulatory impact assessment methodology from the plasma
of fasting subjects. Glucose concentrations were determined
on acid-base analyzers. All serum biochemical parameters for

the tests were provided by the manufacturers’ instructions
with a strict following of the measurement continuity (Roche
Diagnostics, Abbott Laboratories).

Methods

Concentrations of C-peptide, glucose and insulin were ana-
lyzed using the oral glucose-tolerance test (OGTT) according
to a valid methodology. Khan et al. (2018) also tested rela-
tionships between C-peptide and glycated haemoglobin, in-
sulin and glucose in non-diabetic patients during the OGTT.
Reference ranges of C-peptide (260-1730 pmol/l), glucose
(3.9-5.6 mmol/l) and insulin (2.5-24.0 mIU/]) were adapted to
the Czech Republic setting and have usually been mentioned
as reference ranges (Methodology of glucose, total, HDL and
LDL cholesterol, 2020).

Fasting C-peptide and glycaemia parameters (glucose and
insulin) were evaluated to test basal metabolism. To consid-
er alterations under physiological conditions, individuals
with C-peptide concentrations below 260 pmol/l or above
1730 mmol/l were excluded. Also patients with glucose levels
suggestive of hypoglycemia and parameters of diabetes (be-
low 3.9 mmol/l or above 7.2 mmol/l), were removed from the
study. Insulin resistance was assessed by the HOMA IR score
(Homeostasis Model Assessment for Insulin Resistance) based
on insulin and glucose concentrations. HOMA IR cut-off was
set at 3.63, considered a signal of glucose metabolism alter-
ations within the Czech population (Hordkovi et al., 2019).
A body mass index (BMI) reference range of 20.0-24.9 kg/m?
(normal weight) was calculated by Svatina and Bret$najdrova
(2003).

Statistical analysis

All parameters (glucose, insulin, HOMA IR, age, BMI) were di-
vided by C-peptide quartiles (Table 1, Chart 1) to be relevant
for individual patients.

Evaluated range of C-peptides involved lower (290 pmol/])
and upper (1560 pmol/l) limits. Li et al. (2015) used similar
methods to compare physiological parameters (linked with
cardio-vascular diseases and lipoproteins) within groups creat-
ed by C-peptide quartiles. At first, basic statistical parameters
were calculated for all groups: number of values (n), arithmetic
mean (X), standard deviation (S,), minimum (Min) and max-
imum (Max). Lower whiskers, upper whiskers, quartiles and
medians identified data distribution. To test the possible as-
sociation between variables, the Pearson’s correlation coeffi-
cients (r,,) were determined with limits of significance r,, =
0.1: low; r,, = 0.3: middle and r,, = 0.5: high. The F-test (with
quantile F 975) was performed to test the quality of variance
and select the right type of the t-test. The criteria for statisti-
cal significance (H, vs H,) were set as follows: 0.05 > p > 0.01
(significant” 0.01 > p > 0.001 (moderately significant™ and
highly significant™ (p < 0.001). The calculation of basic data
was performed by Microsoft Excel (MS Office — Excel version
16) and equally this software was used to prepare the file for
subsequent analysis (the exclusion of patients using dietary
supplements, the ranges of C-peptide, glycaemia, insulin,
HOMA IR, age, BMI). StatPlus (version 7, L.E. 6.9.1.0) pro-
vided the information about the data distribution (quartiles,
histogram), possible relationships or the differences (the cor-
relations, F-test, t-test). Software Statistica (version 12) con-
firmed the statistical results and enabled the graphical process
of values. To maintain the quantity and data distribution, the
file was not divided by gender and critical values of character-
istics were set for both genders and not separately.
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Table 1. Data distribution of C-peptides (pmol/1) 2000
= 1800
Minimum 260 Tg 1600
=y
Lower whisker 290 2 1400
2
Q1 519 B 1200
S1
Median 710 g 000
§ 800
Q3 960 2 600
Q
Upper whisker 1560 g 400
o
Maximum 1730 200
0
0
Results

Characteristics of groups

Statistical characteristics of groups with various ranges of
C-peptide concentrations are shown in Table 2 and Chart 2.
Comparisons of mean values for groups with various C-peptide
ranges with the optimal ranges are described in Table 3.

All glycaemia and insulin resistance parameters (insulin,
glucose, HOMA IR) were within the defined physiological
ranges. The mean glucose concentrations (5.3, 5.3, 5.4 and
5.6 mmol/]) fluctuated slightly below upper limit of the phys-

0,1

0,2 0,3 0,4 0,5

—+—Box -=-Mean line

0,6 0,7

Outliers

0,8 0,9

Chart 1. Data distribution of C-peptides (pmol/l)

iological range (5.6 mmol/l). The difference in glucose (up to
0.3 mmol/l) between the groups with C-peptide concentration
ranging from 290 to 1560 pmol/l was small. Naturally, the
highest level of glucose (5.6 mmol/l) was reached in the group
with a C-peptide range of 951-1560 pmol/l. Insulin concen-
trations showed a tendency similar to that of glucose and in-
creased with higher C-peptides ranges. However, insulin levels
showed relatively greater changes in comparison to glucose,
ranging from 4.0 to 14.2 mIU/1. The highest mean concentra-
tion of insulin (14.2 mIU/]) was observed in the group with
a C-peptides range of 951-1560 pmol/], representing more
than twice the concentration in the group with a C-peptide

Table 2. Statistical characteristics of the groups with various ranges of C-peptide

Individuals with C-peptide concentration of 290-510 pmol/l

Characteristics C-peptide (pmol/1) Age (y) Insulin (mIU/1) Glucose (mmol/1) HOMA IR BMI (kg/: m?)
n 694 694 694 694 694 694
2 409.4 39 4.0 5.3 0.9 28.3
Sy 65.4 11 1.4 0.5 0.4 5.2

Min 290.0 15 1.0 3.9 0.2 14.5
Max 510.0 78 14.0 7.0 3.5 46.0
Individuals with C-peptide concentration of 511-710 pmol/l
n 780 780 780 780 780 780

< 614.5 40 6.2 5.3 1.5 30.1
Sy 56.2 11 2.4 0.5 0.6 6.0
Min 511.0 15 1.4 3.9 0.3 17.1
Max 710.0 78 29.9 7.0 7.8 56.9
Individuals with C-peptide concentration of 711-950 pmol/l
n 720 720 720 720 720 720
54 825.2 41 9.0 5.4 2.2 33.6
Sy 69.3 12 3.6 0.6 0.9 6.1
Min 713.0 15 1.2 3.9 0.3 17.7
Max 950.00 78 37.0 7.2 8.9 58.9
Individuals with C-peptide concentration of 951-1560 pmol/l
n 673 673 673 673 673 673
4 1175.0 42 14.2 5.6 3.5 37.4
Sy 156.8 12 5.5 0.6 1.4 6.3
Min 953.0 15 2.00 3.9 0.4 18.5
Max 1550.0 78 38.3 7.2 10.4 61.8
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Chart 2. Alterations in glycaemia parameters and BMI for various ranges of C-peptide

Table 3. Comparison of mean values for the groups with various C-peptide ranges with the reference ranges

C-peptide range (pmol/1) Insulin (mIU/1) Glucose (mmol/l) HOMA IR BMI (kg/mz)
290-510 4.0 5.3 0.9 28.3
511-710 6.2 5.3 1.5 31.0
711-950 9.0 5.4 2.2 33.6
951-1560 14.2 5.6 3.5 37.4
Reference range of values 2.5-24.0 3.9-5.6 <3.63 20.0-24.9
range of 290-510 pmol/l. Also the HOMA IR values increased Considerable changes in insulin metabolism were recorded

with higher C-peptide ranges. Changes in HOMA IR showed a especially between groups with C-peptide ranges of 711-950
tendency similar to that of insulin (0.9, 1.5, 2.2 and 3.5) and and 951-1560 pmol/l. The differences in insulin concentra-
increased more than three-fold as C-peptide concentration tions (5.2 mIU/1) and HOMA IR (1.3) between the two groups
increased from 290 to 1560 pmol/l. BMI values exceeded the reached 57.8% and 61.3%.

optimal range regardless of C-peptide ranges. The mean BMI To test possible correlations between C-peptide, glycaemia
value (28.3 kg/m?) for a C-peptide range of 290-510 pmol/l and insulin resistance parameters and BMI values, the Pear-
was already above the BMI physiological cut-off (24.9 kg/m?). son’s correlation coefficients (rxy) were determined (Table 4).

However, the BMI values showed a steady increase (28.3, 31.0,
33.6 and 37.4 kg/m?).

Table 4. Correlations between C-peptide and glycaemia parameters, HOMA IR and BMI

Pearson’s correlation coefficients (rxy) (p <005 Insulin (mIU/1) Glucose (mmol/l) HOMA IR BMI (kg/m?)
C-peptide (pmol/l) 0.19 0.25 0.18 0.03
All correlations involving C-peptide and metabolic pa- Higher frequency of statistically significant changes

rameters (insulin, glucose, HOMA IR and BMI) seemed to be (p < 0.05) was recorded in the variances of BMI between
non-significant (up to r,, = 0.3). A higher correlation coeffi- C-peptide ranges of 511-710 and 711-950 pmol/l. Similar-

cient was only found between C-peptide and glucose (ry, = ly, the variances of BMI in the highest group of C-peptides
0.25). Subsequent regression analysis were not performed due (950-1560 pmol/]) differed in comparison to the lower group
to lower results of Ty (up to 0.5). The F-test was used to test (711-950 pmol/l). Based on the F-test results, the right type
the equality of variance between groups with different C-pep- of t-test was determined to compare the values within groups

tide ranges (Table 5). with various C-peptide concentration ranges (Table 6).
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Table 5. Results of the F-test/critical values between insulin, glucose, HOMA IR and BMI for various ranges of C-peptide concentrations

(pmol/1)

Insulin (mIU/1)

C-peptide 290-510

C-peptide 511-710

C-peptide 711-950

C-peptide 511-710
C-peptide 711-950
C-peptide 951-1560

0.36/0.89

0.44/0.89

0.42/0.88

Glucose (mmol/1)

C-peptide 290-510

C-peptide 511-710

C-peptide 711-950

C-peptide 511-710
C-peptide 711-950
C-peptide 951-1560

0.77/0.89

0.91*/0.89

0.82/0.88

HOMAIR

C-peptide 290-510

C-peptide 511-710

C-peptide 711-950

C-peptide 511-710
C-peptide 711-950
C-peptide 951-1560

0.34/0.88

0.44/0.88

0.40/0.88

BMI value (kg/m?)

C-peptide 290-510

C-peptide 511-710

C-peptide 711-950

C-peptide 511-710
C-peptide 711-950
C-peptide 951-1560

0.75/0.89

0.95%/0.88

0.95*/0.88

Table 6. Results of the t-test/critical values between insulin, glucose, HOMA IR and BMI for various ranges of C-peptide concentrations

(pmol/1)

Insulin (mIU/1)

C-peptide 290-510

C-peptide 511-710

C-peptide 711-950

C-peptide 511-710
C-peptide 711-950
C-peptide 951-1560

21.34*/1.96

17.75**/1.96

20.90***/1.96

Glucose (mmol/1)

C-peptide 290-510

C-peptide 511-710

C-peptide 711-950

C-peptide 511-710
C-peptide 711-950
C-peptide 951-1560

2.28%/1.96

3.64*/1.96

4.00**/1.96

HOMAIR

C-peptide 290-510

C-peptide 511-710

C-peptide 711-950

C-peptide 511-710
C-peptide 711-950
C-peptide 951-1560

20.44*/1.96

17.60**/1.96

20.83***/1.96

BMI value (kg/m?)

C-peptide 290-510

C-peptide 511-710

C-peptide 711-950

C-peptide 511-710
C-peptide 711-950
C-peptide 951-1560

9.10%*/1.96

8.38"%/1.96

11.34"%/1.96

Values of insulin and HOMA IR showed statistically signif-
icant changes between all groups with various C-peptide con-
centrations. The mean concentrations of glucose also differed
between the groups (p < 0.01). Similar statistical results with
high significance (p < 0.001) were observed for BMI values in
the groups of C-peptides.

Discussion

Glucose levels in the tested samples (5.3, 5.3, 5.4 and
5.6 mmol/]) correspond with results in non-diabetic patients
(5.4 mmol/]) in the Czech Republic for the year 2018 regard-

less of C-peptide ranges. The levels of insulin (4.0, 6.2, 9.0,
14.2 mlIU/]) differ slightly in comparison to concentrations
reached in the same survey (8.8-9.4 mIU/]). However, the
mean level of insulin (9.1 mIU/]) is similar to that in the group
with a C-peptide range of 711-950 pmol/1 (9.00 mIU/1). Simi-
larly, the range of BMI values seems to be wider (from 28.3 to
37.4 kg/m?) but approaching that in Czech patients without
diabetes in the year 2018 (from 32.8 to 33.3 kg/m?) (Horakova
etal., 2019).

Andrade et al. (2018) also came to similar conclusions re-
garding glycaemia changes in healthy individuals divided by
the quartiles of C-peptide. Although their assessment includ-
ed younger patients (aged 30), the differences (p < 0.001) were
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already recorded between quartiles of BMI (25.8, 26.6, 27.1
and 28.3 kg/m?). Glucose values showed only slight changes
by the quartiles (4.9, 4.8, 4.9 and 4.9 mmol/]), similar to pres-
ent study.

Thunander et al. (2012) also aimed to describe C-peptides
in relation to age and BMI in a large population-based cohort
survey of adults with newly diagnosed diabetes. C-peptide
levels increased significantly with BMI and age. Haban et al.
(2002) also confirmed a strong association between C-pep-
tides and BMI (rXy =0.52, p = 0.004) but the relationship with
fasting glucose was weaker (r,, = 0.40, p = 0.029).

Results of cross-sectional studies not always showed the
correlation between BMI and C-peptides. This non-association
was partially explained by differences in body composition,
with higher BMI not necessarily correlating to increasing body
fat percentage potentially, affecting C-peptide levels (Siy et al.,
2017).

The results including C-peptides and metabolic parame-
ters (insulin, glucose, HOMA IR and BM]I) in the physiological
range seem to be lower (up to Ty = 0.25) but these differences
have appeared in studies of specific groups of patients as well.
Higher correlation (r,, = 0.89) between HOMA IR and C-pep-
tides was observed especially in patients at risk for type 2 dia-
betes (Gémez-Ambrossi et al., 2011). Bilal et al. (2010) tested
insulin resistance parameters and C-peptide profiles and con-
cluded that higher fasting levels of C-peptide indicated insulin
resistance, especially in obese patients. Francis et al. (2017)
also evaluated fasting C-peptide and insulin concentrations
and found a significant relationship (rXy = 0.65, p < 0.001).
However, this correlation considerably decreased during an
OGTT test (rXy from 0.6 to 0.3).

Changes in insulin metabolism were recorded especially
between the groups of C-peptides with concentration ranges of
711-950 and 951-1560 pmol/l. Also Shetty et al. (2017) inves-
tigated changes in glycaemia parameters with regard to C-pep-
tide levels and found a cut-off of 3.6 ng/ml (1185.0 pmol/l).
Juszczak et al. (2016) also investigated C-peptide levels pos-
sibly linked with the development of diabetes and determined
the upper limit as 1.28 nmol/1 (1280 pmol/l).

Conclusions

Glycaemia, insulin resistance and BMI already change with-
in the C-peptide optimal range. Major changes in glycaemia
metabolism and BMI appeared between C-peptides ranges
of 711-950 and 951-1560 pmol/l. Based on results of the
present study and some authors’ conclusions, it is possible
to recommend C-peptide as a signal of glycaemia, insulin re-
sistance and BMI changes. On the base of mentioned results,
C-peptide was considered as a crucial parameter of metabolic
assessments and the part of preventive procedures during the
therapy of metabolic syndrome.
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