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Background: The Korean Endocrine Hormone Reference Standard Data Center (KEHRS DC) has created reference standards 
(RSs) for endocrine hormones since 2020. This study is the first of its kind, wherein the KEHRS DC established RSs for serum C-
peptide levels in a healthy Korean population.
Methods: Healthy Korean adults were recruited from May 2021 to September 2023. After excluding participants according to our 
criteria, serum samples were collected; each participant could then choose between fasting glucose only or fasting glucose plus an 
oral glucose tolerance test (OGTT). If their sample showed high glucose (≥100 mg/dL) or hemoglobin A1c (HbA1c) (≥5.70%), 
their C-peptide levels were excluded from analyzing the RSs.
Results: A total of 1,532 participants were recruited; however, only the data of 1,050 participants were analyzed after excluding 
those whose samples showed hyperglycemia or high HbA1c. Post-30-minute OGTT data from 342 subjects and post-120-minute 
OGTT data from 351 subjects were used. The means±2 standard deviations and expanded uncertainties of fasting, post-30-minute 
and 120-minute OGTT C-peptide levels were 1.26±0.82 and 0.34–3.18, 4.74±3.57 and 1.14–8.33, and 4.85±3.58 and 1.25–8.34 
ng/mL, respectively. Serum C-peptide levels correlated with obesity, serum glucose levels, and HbA1c levels.
Conclusion: The RSs for serum C-peptide levels established in this study are expected to be useful in both clinical and related fields.

Keywords: Korean Endocrine Hormone Reference Standard Data Center; C-peptide; Oral glucose tolerance test; Reference stan-
dards; Diabetes

Received: 17 November 2023, Revised: 7 February 2024,  
Accepted: 5 March 2024

Corresponding author: Choon Hee Chung
Division of Endocrinology and Metabolism, Department of Internal Medicine 
and Research Institute of Metabolism and Inflammation, Yonsei University 
Wonju College of Medicine, 20 Ilsan-ro, Wonju 26426, Korea 
Tel: +82-33-741-0506, Fax: +82-33-731-5884, E-mail: cchung@yonsei.ac.kr

Copyright © 2024 Korean Endocrine Society
This is an Open Access article distributed under the terms of the Creative Com
mons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribu
tion, and reproduction in any medium, provided the original work is properly 
cited.



Cho J, et al.

Copyright © 2024 Korean Endocrine Society490  www.e-enm.org

INTRODUCTION

Reference intervals (RIs) are benchmark points through which 
clinicians can distinguish healthy individuals from those with 
disease; an accurate setting of RIs is essential for rapid diagno-
sis and the establishment of a proper treatment plan [1]. How-
ever, RIs that have been established satisfactorily for most hor-
mone items remain scarce [2]. Most are cited and derived from 
Western papers or literature [3,4] and do not reflect the real situ-
ation of the Korean population. There are many restrictions on 
their direct application to Korean patients’ diagnosis and treat-
ment process. In addition, hormones are highly likely to fluctu-
ate according to the situation, such as diurnal, seasonal, and 
postural variations [5-7]. Furthermore, the hormone levels var-
ied according to age and gender [1,8]. Therefore, it is necessary 
to derive reference values from various groups in consideration 
of the above, which is essential for basic and clinical research as 
well as the development of the domestic medical industry in 
Korea.

In 2020, the Korean Endocrine Hormone Reference Standard 
Data Center (KEHRS DC) was designated by the Korea Insti-
tute of Standards and Science. And, we have created reference 
standards (RSs) for some endocrine hormones through various 
activities over the past several years, as supported by the Korean 
Endocrine Society and 10 university hospitals in Korea. The 
data created from our center will be uploaded to the National 
Center for Standard Reference Data of Korea.

Type 2 diabetes mellitus (T2DM) is a disease caused by vari-
ous etiologies; it is thought that there will be differences in the 
phenotype of diabetes depending on the major etiologic process; 
there will be differences in the response to therapeutic drugs and 
the risk of complications [9]. However, T2DM is diagnosed 
simply by confirming hyperglycemia and excluding other types 
of diabetes; no subtype classification or appropriate treatment 
methods have been established [10,11]. Insulin treatment may 
be required from the beginning depending on the degree of in-
sulin secretion defects, even in T2DM; this is due to phenotypic 
differences according to race, social environment, and complex 
etiologies [9]. However, only Western standards are applied to 
the prevention, management, and treatment of diabetes, and 
treatment is determined based on blood glucose levels. For the 
proper management of diabetes, prevention and treatment 
guidelines tailored to the characteristics of diabetes in Koreans 
are needed; for this, it is necessary to evaluate insulin secretion 
defects. For these reasons, the KEHRS DC developed Korean 
RSs for serum C-peptide as the first project for the Korean pop-

ulation. Serum C-peptide is a major marker for insulin secretion 
in patients with T2DM and is particularly useful in distinguish-
ing between insulinoma from exogenous hyperinsulinemia [12].

This study is the first result of our activities in the data center, 
which can be used for diabetes-related research by preparing di-
agnostic criteria for prediabetes and prediabetes using C-peptide 
hormone reference data tailored to Korean characteristics; our 
results can be expected to develop new research fields through a 
review of the literature. The establishment of normal RSs for 
endocrine hormones suitable for Koreans can increase the accu-
racy of diagnostic results as well as reduce medical and social 
expenses, such as additional examination costs incurred by ap-
plying existing foreign diagnostic standards. In this study, we 
established RSs for C-peptide in the Korean population. Our re-
sults may aid in developing diagnostic protocols and in evaluat-
ing treatment effects among domestic clinical circumstances, by 
establishing treatment standards suitable for the Korean charac-
teristics of endocrine-related diseases such as T2DM.

METHODS

Study design and subjects
This study was conducted using the KEHRS DC from May 2021 
to September 2023. Study subjects aged 19 and over as well as 
with a body mass index (BMI) ≥18.5 and ≤30 kg/m2 were re-
cruited from four hospitals in Korea; Wonju Severance Christian 
Hospital (Wonju), Keimyung University Dongsan Hospital (Dae-
gu), Hallym University Chuncheon Sacred Heart Hospital (Chun-
cheon), and Nowon Eulji Medical Center (Seoul). Only healthy, 
non-pregnant Koreans without diagnosed diseases who met the 
exclusion criteria were included in this study (Table 1). However, 
even if patients had a history of diseases C to G based on the ex-
clusion criteria, those who were cured for more than a year were 
included in this study. Information about medical and family his-
tories was obtained from direct interviews with the study sub-
jects. Each participant could choose between fasting glucose 
alone or fasting glucose plus oral glucose tolerance test (OGTT). 
This study was approved by the Institutional Review Board of 
Wonju Severance Christian Hospital (IRB No. CR321010). All 
the participants voluntarily participated in the study and provided 
written informed consent.

Sample collection
Blood samples were collected after an overnight fast. To mini-
mize the pre-analytical factors possibly interfering with the hor-
mone levels, each participant was asked to do the following: (1) 
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fasting for at least 10 hours, but with allowed anti-hypertensive 
drug intake; (2) refraining from sweaty exercises other than daily 
activities (e.g., gym, jogging, weight training, zumba dance, run-
ning, etc.) for at least 1 day; (3) limiting blood collection time be-
tween 8:00 and 12:00 AM to minimize circadian variations; (4) 
smoking cessation for at least 1 day, applicable to cigarettes and 
electronic cigarettes, chewing cigarette, and smoking cessation 
plants; and (5) collecting blood in a sitting position on a chair and 
at least 30 minutes after waking up. Blood samples were collect-
ed in serum separation tubes (SSTs) and BD Vacutainers SST II 
Advance Plus blood collection tubes (Becton-Dickinson Biosci-
ences, Franklin Lakes, NJ, USA). For OGTT testing, Diasol-S 
solutions (Taejoon Pharm., Seoul, Korea) were used; samples 
were collected 30 minutes and 2 hours after administration.

Laboratory methods
Three tubes (two SSTs and one K2-ethylenediaminetetraacetic 
acid [EDTA] tube) were used for each collection. One EDTA 
and one SST tubes were sent to Seoul Clinical Laboratories and 
analyzed for hemoglobin A1c (HbA1c) levels and routine 

chemistry tests, including serum glucose levels. Even if patients 
were included in this study because they did not have diseases 
according to the exclusion criteria, their data were excluded 
from the calculation of RSs in the following cases: (1) serum 
glucose concentrations were high of if any of the following 
were met (fasting glucose ≥100 mg/dL, OGTT 30 minutes glu-
cose ≥200 mg/dL, OGTT 2 hours glucose ≥140 mg); or (2) the 
baseline (fasting) HbA1c is ≥5.7%. HbA1c and serum glucose 
levels were measured on the day of collection and analyzed us-
ing Cobas c513 for HbA1c and Cobas c702 (Roche Diagnos-
tics, Basel, Switzerland) analyzers, respectively.

Within an hour of sample collection, the remaining SST sam-
ples were centrifuged at 1,200 g (3,000 rpm) for 10 minutes. 
After centrifugation, serum was aliquoted into some 1 mL mi-
crotubes and stored in a deep freezer at –70℃. Each aliquot was 
thawed at room temperature and subsequently analyzed. Serum 
C-peptide levels were measured by a chemiluminescent assay 
using the Atellica IM C-peptide assay on the Atellica IM plat-
form (Siemens Healthcare Diagnostics, Tarrytown, NY, USA) 
in Wonju Severance Christian Hospital. The analytical measur-

Table 1. The Exclusion Criteria for the Study Subjects

A. History of taking at least one of the following drugs that can possibly affect glucose metabolism in the last 4 weeks 

  1) Antipsychotic drugs (e.g., chlorpromazine, clozapine, olanzapine, quetiapine and risperidone)

  2) Oral or injected steroids (except for ointments and creams)

  3) Diuretics (e.g., thiazide)

  4) Anti-tumor drugs

  5) Anti-epileptic drugs (e.g., phenytoin and barbiturate)

  6) Anti-tuberculosis drugs (e.g., rifampin)

  7) Contraceptives and/or estrogen agents

  8) Anti-human immunodeficiency viral drugs

  9) Immunosuppressants

10) Beta-antagonists

B. �Patients with a diagnosis of diabetes mellitus (DM) or the presence of DM equal or more than two people in his/her immediate family (parents and 
descendants) and siblings

C. Chronic renal failure with a creatinine clearance rate less than 60 mL/min

D. Hepatic diseases (aspartate transaminase or alanine transaminase >3 times the normal upper limit or liver cirrhosis ≥ Child-Pugh grade B)

E. Acute or chronic pancreatitis

F. Malignant cancer

G. Cardiac diseases (e.g., heart failure, myocardial infarction, arrhythmia)

H. Common cold or upper respiratory tract infection on the day of study

I. Acute stress illness in the last 4 weeks (e.g., surgery and febrile diseases)

J. Patients who have been diagnosed with COVID-19 and have not passed 1 week (2 weeks in 2021) or have symptoms

COVID-19, coronavirus disease 2019.
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ing interval of this assay ranged from 0.05 to 30 ng/mL; the ref-
erence range was initially from 0.81 to 3.85 ng/mL.

Evaluation of the uncertainty
The study participants were divided based on sex into groups at 
10-year intervals: 20s (19–29), 30s (30–39), 40s (40–49), 50s 
(50–59), 60s (60–69), and over 70 (70 and above). In addition, 
statistics were analyzed by grouping adjacent age groups, the 
total number of males and females, and the total number of sub-
jects. The uncertainty was evaluated according to the GUM (In-
ternational Organization for Standardization Guide to the Ex-
pression of Uncertainty in Measurement) [13]. Type A uncer-
tainty was estimated based on the statistical analysis of the re-
sults and was estimated as the standard deviation (SD) in each 
subgroup. Type B uncertainty was estimated by means other 
than statistical analysis; the uncertainties of the internal quality 
control (IQC) material and calibrator (cal) of this study were 
used (= ). The combined uncertainty (uc) 
was calculated by the formula of ; the 
expanded uncertainty (U) was obtained by multiplying the com-
bined uncertainty with a coverage factor k (approximately k=2 
at the 95% level of confidence).

Statistical analysis
For each subgroup, extreme outliers exceeding three times the 

interquartile range (IQR) in Q1 and Q3 were excluded. Values 
lesser than Q1–3×IQR or greater than Q3+3×IQR were also 
excluded. The Shapiro-Wilk test was then used to confirm the 
normality of C-peptide values according to subgroups; the dis-
tribution of data was determined as parametric when the P value 
was >0.05. The results were presented as mean±2SD, U, 2.5th 
and 97.5th, and 0.5th and 99.5th percentile values, and mini-
mum and maximum values. U was obtained as the formula of 
mean±k ·uc. The results between the two groups were com-
pared using Student’s t test for parametric data and the Mann-
Whitney U test for non-parametric data. The results of more 
than two groups were compared using the analysis of variance 
(ANOVA) test for parametric data and the Kruskal-Wallis test 
for non-parametric data. All statistical analyses were performed 
using the Analyse-it version 6.15 (Analyse-it Software Ltd., 
Leeds, UK) add-in in Microsoft Excel 2019 (Microsoft Corp., 
Redmond, WA, USA).

RESULTS

Study population
A total of 1,532 healthy, non-pregnant Korean subjects were re-
cruited after excluding participants with diseases according to 
the criteria: 1,282 subjects from Wonju Severance Christian 
Hospital, 239 subjects from Keimyung University Dongsan 

Fig. 1. Flowchart of the enrollment of study subjects for reference standards. HbA1c, hemoglobin A1c; OGTT, oral glucose tolerance test; 
IQR, interquartile range.

1,532 Recruitment of study subjects 
(consent and questionnaire)

(male [M]=674 and female [F]=858)

1,163 Subjects with a normal HbA1c  
level less than 5.70

(M=528 and F=635)

1,087 Subjects with both normal 
HbA1c and fasting glucose levels

(M=484 and F=603)

1,050 Finally enrolled and analyzed  
for reference standards
(M=467 and F=583)

Exclusion
369 Subjects with an abnormal 
HbA1c level ≥5.70
(M=146 and F=223)

Exclusion
200 Subjects with increased 
post-30 min (≥200 mg/dL) or 
post-120 min (≥140 mg/dL) levels
(M=77 and F=123)

Exclusion
Subjects with C-peptide values

<Q1–1.5×IQR or >Q3+1.5×IQR  
in each subgroup:
13 (M=4 and F=9) for post-30 min
4 (F=4) for post-120 min

555 Subjects who additionally
performed the OGTT study

(M=179 and F=376)

355 Subjects with both normal  
post-30 min and 120 min 

OGTT glucose levels 
(M=102 and F=253)

342 Finally  
enrolled

(post-30 min)
(M=98 and 

F=244)

351 Finally  
enrolled

(post-120 min)
(M=102 and 

F=249)

Exclusion
76 Subjects with an increased
fasting glucose level ≥100 mg/dL 
(M=44 and F=32)

Exclusion
37 Subjects with C-peptide values
<Q1–1.5×IQR or >Q3+1.5×IQR
in each subgroup
(M=17 and F=20)
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Hospital, six subjects from Hallym University Chuncheon Sa-
cred Heart Hospital, and five subjects from Nowon Eulji Medi-
cal Center. Blood samples were collected after enrollment in 
this study. However, only 1,087 subjects were included in the 
analysis after excluding patients according to their serum glu-
cose levels and HbA1c. Furthermore, 37 subjects were excluded 
after applying the Tukey’s test for outlier evaluation per age 
subgroup. Finally, C-peptide data from 1,050 subjects were 
used to calculate the RSs. In the same way, 555 participants ini-
tially performed the OGTT test; however, only 355 participants 
remained after excluding according to serum glucose levels and 
HbA1c. After excluding outliers, the post-30 minutes data of 
342 subjects and post-120 minutes data of 351 subjects were 
used. The enrollment process for the study participants is illus-
trated in Fig. 1.

Baseline characteristics of study subjects
The baseline characteristics of the 1,050 study subjects are pro-
vided in Table 2. In the fasting C-peptide analysis, 467 (44.5%) 
patients were male and 583 (55.5%) were female. For the post-
OGTT C-peptide analysis of 355 study subjects, 102 (28.7%) 
were male and 253 (71.3%) were female. BMI, fasting glucose, 
and HbA1c were significantly higher in males than in females.

RSs for C-peptide levels in Korean population
All data showed a parametric distribution per each subgroup. 
For fasting C-peptide levels, RSs (mean±2SD, U, 2.5th–97.5th 
and 0.5th–99.5th percentile values) for overall participants were 
1.26±0.82, 0.34–3.18, 0.63–2.17, and 0.51–2.50 ng/mL, re-
spectively. Male had higher fasting C-peptide levels than Fe-
male (P<0.001). The RSs for fasting C-peptide levels according 
to sex and 10-year intervals are summarized in Table 3(A). 
There were no statistical significances in fasting C-peptide lev-
els between 20s and 30s, 40s and 50s, and 60s and over 70 
(P=0.144, P=0.568, and P=0.673, respectively). However, the 
fasting C-peptide levels between 30s and 40s, and 50s and 60s 
were statistically significant (P=0.001 and P=0.0316, respec-
tively). For these reasons, the data were readjusted at 20-year 
intervals by grouping adjacent age groups: 20–30s (19–39), 40–
50s (40–59), and over 60s (60 and above). The results are sum-
marized in Table 3(B). For post-OGTT C-peptide levels, the 
post 30-minute levels and post 120-minute levels are summa-
rized in Table 4. For post-30 minutes OGTT C-peptide levels, 
RSs were 4.74±3.57, 1.44–8.33, 2.12–9.35, and 1.43–10.50 ng/
mL. For post-120 minutes OGTT C-peptide levels, RSs were 
4.85±3.58, 1.25–8.34, 2.14–9.09, and 1.39–10.10 ng/mL. For 
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post-OGTT C-peptide levels, there were no statistically signifi-
cant differences between male and female or among age groups.

Impacts of some factors for C-peptide levels
The impact of obesity, serum glucose level, and HbA1c were 
determined by analyzing 1,497 subjects for fasting C-peptide 
(1,050 subjects analyzed for calculating RS plus 439 subjects 
with impaired fasting glucose (IFG) (100 to 126 mg/dL) or pre-
diabetic (HbA1c level between 5.70 and 6.49) and 526 for post-
OGTT C-peptide levels. In the comparison according to obesity, 
subjects were divided into normal (BMI <23 kg/m2), overweight 
(23≤ BMI <25 kg/m2), and obesity (BMI ≥25 kg/m2). For the 
comparison according to fasting glucose levels, subjects were 
divided into normal fasting glucose (<100 mg/dL) and IFG 
groups. For the comparison of HbA1c levels, subjects were di-
vided into normal HbA1c and prediabetic group. The results are 
summarized in Table 5. The effects of obesity, serum glucose 
level, and HbA1c were statistically significant in all cases in 
terms of both fasting and post-OGTT 120 minutes C-peptide. 
Additionally, the correlations and scatter plots between fasting 
or post-OGTT 120 minutes C-peptide and these factors are il-
lustrated in Fig. 2. The delta values post-30 minutes (=C-pep-
tide 30 min, C-peptide 0 min) and 120 minutes (=C-peptide 120 min– 
C-peptide 0 min) OGTT were calculated. The C-peptidogenic in-
dices (=[C-peptide 30 min–C-peptide 0 min]/[glucose 30 min–glucose 
0 min]) [14] were also calculated. However, this difference was 
not statistically significant (Supplemental Table S1).

DISCUSSION

C-peptide is a protein that connects the A and B chains of insulin 
from the insulin precursor, proinsulin, and consists of 31 amino 
acids. Because proinsulin is separated into insulin and C-peptide 
in pancreatic beta cell granules, C-peptide and insulin are al-
ways secreted in the same molar amounts [15]. Approximately 
50% of insulin is removed from the liver after being secreted 
from the pancreas. Even in the physiological environment, there 
are many changes in peripheral removal rates; if antibodies to 
insulin are present, they cannot be accurately evaluated during 
insulin treatment [16]. In contrast, C-peptide has little first-pass 
effect on the liver [17]. Its average removal rate is constant; its 
half-life is longer than that of insulin [15,18]. Thus, C-peptide 
can act as the main indicator for the storage function of pancre-
atic beta cells [19]. Previously, C-peptide was thought to only 
promote the folding of proinsulin in beta cells as a feedback 
mechanism; however, many studies have shown that C-peptide 
is also a biologically active protein; its level is related to disease 
progression and complications in patients with diabetes [20].

The RI of C-peptide is known to be 0.5 to 2.0 ng/mL (or 0.17 
to 0.67 nmol/L) [19]. For more than 20 years, many studies have 
been conducted to evaluate the insulin secretion ability of pa-
tients with diabetes using C-peptide; this was used to classify 
the type of disease or to predict the treatment effect and progno-
sis. Although there are a number of research results, there are no 
standard figures yet applicable to treatment guidelines, of which 

Table 5. Impact of Obesity, Serum Glucose Level, HbA1c on the C-Peptide Levels in Healthy Korean Subjects

Fasting Post-OGTT 120 minutes

Mean±2SD
2.5th–97.5th 

percentile 
range

Min–Max P value Mean±2SD
2.5th–97.5th 

percentile 
range

Min–Max P value

BMI, kg/m2

Normal (<23) 1.17±0.81 0.59–2.09 0.42–3.45 <0.001a 5.05±3.77 2.25–9.72 0.87–13.18 <0.001a

Overweight (23–25) 1.32±0.96 0.61–2.58 0.51–3.35 5.55±5.08 2.21–11.67 1.37–16.11

Obesity (≥25) 1.63±1.18 0.82–3.18 0.58–3.98 5.96±4.87 2.26–11.38 1.64–13.25

Glucose level, mg/dL

Normal (<100) 1.33±1.02 0.64–2.57 0.42–3.98 <0.001a 5.33±4.32 2.21–10.38 0.87–13.44 <0.001a

IFG (100–125) 1.66±1.19 0.84–3.24 0.61–3.81 6.55±4.95 2.60–10.64 2.53–13.24

HbA1c, %

Normal (<5.70) 1.32±0.98 0.64–2.46 0.42–3.98 <0.001a 5.26±4.30 2.20–10.39 0.87–13.97 <0.001a

Prediabetic (5.70–6.49) 1.54±1.28 0.68–3.17 0.56–3.85 6.62±5.49 2.48–13.25 2.21–13.44

HbA1c, hemoglobin A1c; OGTT, oral glucose tolerance test; SD, standard deviation; BMI, body mass index; IFG, impaired fasting glucose.
aP<0.05 represents statistical significance.
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most are Western studies. Further studies on normal values are 
also needed. Considering the characteristics of diabetes in Kore-
ans, it is necessary to accurately evaluate their insulin secretion 
ability and establish normal C-peptide levels. It has been shown 
that a decrease in insulin secretion ability is a more important 
cause of diabetes in Korea than a decrease in insulin sensitivity. 
These characteristics suggest that insulin secretion ability can act 
as an important variable in serum glucose control as compared 
with that in Westerners [21]. In previous studies, attempts have 
been made to evaluate the clinical performance of C-peptide for 
T2DM diagnosis and to establish a diagnostic cut-off. A previous 
report has shown that a cut-off of 0.28 nmol/L (0.84 ng/mL) [22] 
or 0.42 nmol/L (1.26 ng/mL) [23] for fasting C-peptide has ex-
cellent analytical performance for predicting T2DM diagnosis. 
In T2DM diagnosis, a previous report also suggested a cut-off of 
0.3 nmol/L (0.9 ng/mL) if the patient has autoantibodies and 1.0 
nmol/L (3 ng/mL) if the patient has none [24].

In this study, based on healthy, non-pregnant Korean subjects, 

calculated RSs (mean±SD, U, 2.5th–97.5th, and 0.5th–99.5th 
percentile values) for fasting serum C-peptide were 1.26±0.82, 
0.34–3.18, 0.63–2.17, and 0.51–2.50 ng/mL, respectively. How-
ever, a direct comparison might not be applicable. This was not 
a study that calculated the cut-off for diabetes by enrolling dia-
betic patients and healthy controls. Thus, it is highly likely to be 
abnormal (IFG or diabetes) at concentrations above 2.50 ng/mL 
when considering the 99th percentile value. As compared with 
the RIs calculated in other previous studies, a Danish study con-
ducted in 623 subjects calculated a RI (2.5th–97.5th percentile) 
of fasting serum C-peptide at 279 to 1,631 pmol/L (0.84 to 4.83 
ng/mL) [25]. In another foreign study, RIs were suggested at 
252 to 1,176 pmol/L (0.76 to 3.55 ng/mL) for male and 227 to 
971 pmol/L (0.69 to 2.93 ng/mL) for female [26]. In a study 
conducted in 279 Koreans, RI was 0.17 to 0.85 nmol/L (0.51 to 
2.55 ng/mL) [27]. The RSs calculated in this study were lower 
than those from Western studies, but similar to the results of a 
previous Korean study. This emphasizes the importance of us-

Fig. 2. Association between fasting C-peptide level and (A) body mass index (BMI), (B) fasting glucose, and (C) hemoglobin A1c (HbA1c), 
and between post-oral glucose tolerance test (OGTT) 120 minutes C-peptide level and (D) BMI, (E) post-OGTT 120 minutes glucose, and 
(F) HbA1c. CI, confidence interval.
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ing the C-peptide RSs in the Korean population, which is lower 
than that of the Western population.

In this study, not only were the RSs of fasting C-peptide based 
on all Koreans obtained, but these were also calculated sepa-
rately by dividing the subjects by age and sex. Unlike other hor-
mones, the change in C-peptide levels according to age is not 
known to be prominent; however, in this study, the differences 
in fasting C-peptide levels according to age group were signifi-
cant between some age groups. The differences between the 20s 
and 30s, 40s and 50s, and 60s and 70s groups were not signifi-
cant; however, the differences between the 30s and 40s, and 50s 
and 60s groups were significant. The correlation coefficient be-
tween age and C-peptide levels was 0.160 in a previous study 
[26], which does not clearly explain the results of our study; 
thus, further studies are required. The difference in C-peptide 
levels between male and female is that male have a higher BMI 
and fasting blood sugar than female; however, other foreign 
studies have shown that male have higher C-peptide levels than 
female, even in the same BMI group [26]. However, in the pres-
ent study, no significant differences were observed between 
male and female in the same BMI group (data not shown).

In addition, the RSs for the post-OGTTs at 30 and 120 min-
utes were calculated. It is known that the postprandial increase 
in C-peptide at 2 hours is further increased by 1 to 3 nmol/L (3 
to 9 ng/mL) [28]. In one domestic study, the median value of 
postprandial C-peptide increase at 2 hours is 2.49 ng/mL in pa-
tients within 5 years of diabetes diagnosis, 1.94 ng/mL in those 
after 5 to 10 years of diagnosis, and 1.44 in those more than 10 
years of diagnosis [18]. However, there are no known previous 
studies on the RI of C-peptide after OGTT in the healthy popu-
lation. In this study, the RSs did not show any significant differ-
ence in post-OGTT 30 and 120 minutes; this might be because 
the function of pancreatic beta cells after meals does not differ 
significantly in normal people, which may explain the reason 
for excluding cases where the serum glucose levels of post-
OGTT 30 or 120 minutes are high.

On the other hand, we have investigated the impact of obesity, 
serum glucose level, and HbA1c on serum C-peptide levels. 
Obesity is known to cause an increase in C-peptide levels be-
cause it often requires high insulin levels; increased serum glu-
cose and HbA1c levels are known to be associated with a high 
level of C-peptide [17]. To further determine the impact of se-
rum glucose or HbA1c on C-peptide levels, data from partici-
pants who had high glucose levels or HbA1c and were excluded 
from RS calculations were also included. However, it was not 
compared to cases where serum glucose exceeded the cut-off 

for IFG (serum glucose ≥126 mg/dL) or diabetes mellitus 
(HbA1c ≥6.5%), which is small in their number. However, if 
beta cells exceed a certain limit, their secretion ability was 
known to be reduced [29]. In this study, obesity and serum glu-
cose levels correlated well with C-peptide levels in both fasting 
C-peptide and post-OGTT 120 minutes, but HbA1c levels did 
not correlate well with C-peptide levels.

In addition, we analyzed the degree of C-peptide change and 
C-peptidogenic index after OGTT. A previous study showed 
that the C-peptidogenic index associated with fasting C-peptide 
to fasting glucose level was useful for judging the progression 
of diabetes [14]; however, this study did not show any signifi-
cant difference because it was a study based on healthy people.

In this study, we present various values and intervals for pre-
senting the RSs. In general, when calculating the RI, the mean 
plus two SDs are presented if the distribution of the data shows a 
parametric distribution; the 2.5th–97.5th percentile range is pre-
sented if the distribution of the data shows a non-parametric dis-
tribution [30]. However, these RI calculations reflect only the 
middle 95% of healthy people, and values outside this interval 
are usually considered abnormal. However, because the level of 
analyte can vary greatly depending on age group or gender, a 
corresponding reference value may be needed [8]. However, if a 
value deviates from this interval, it is often not considered nor-
mal, even if it is obtained from a clinically normal subject. There-
fore, we provided an additional 0.5th–99.5th percentile range be-
cause the RI could not be uniformized. In this study, we attempt-
ed to minimize the uncertainty by applying strict criteria; an av-
erage plus expanded uncertainty was obtained by effectively pro-
viding various ranges. Therefore, we presented the RSs as such: 
mean±2SD, U, 2.5th–97.5th percentile range, 0.5th–99.5th per-
centile range, and minimum and maximum values, thereby al-
lowing clinicians to utilize them according to various clinical sit-
uations.

In this study, we tried to allocate and recruit an almost equal 
number of participants because the minimum number of sam-
ples required to ensure a 95% confidence level is 120 according 
to the guideline [30]. The purpose of this study was to give sta-
tistical meaning by presenting the RSs, and therefore the num-
bers of each group may not fit the actual age-specific demo-
graphic structure in Korea, and this is a limitation of this study.

In conclusion, we have established the RSs of serum C-pep-
tide, which are expected to aid in developing diagnostic proto-
cols and evaluating treatment effects among domestic clinical 
circumstances by establishing treatment standards suitable for 
endocrine-related diseases, including diabetes, in Korea.
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