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Purpose: With rising obesity rates in children, it is increasingly difficult to
differentiate between type 1 and type 2 diabetes mellitus (T1DM, T2DM) on clinical
grounds alone. Using C-peptide as a method of classifying diabetes mellitus
(DM) has been suggested. This study aimed to find a correlation between fasting
C-peptide level and DM types in children and adolescents.

Methods: A total of 223 diabetic children, newly diagnosed at 5 hospitals
between January 2001 and December 2012, were enrolled in this study. Initial
DM classification was based on clinical and laboratory data including fasting
C-peptide at diagnosis; final classification was based on additional data (pancreatic
autoantibodies, human leukocyte antigen type, and clinical course).

Results: Of 223 diabetic children, 140 were diagnosed with TIDM (62.8%) and the
remaining 83 with T2DM (37.2%). The mean serum C-peptide level was significantly
lower in children with TIDM (0.80 ng/mL) than in children with T2DM (3.91 ng/
mL). Among 223 children, 54 had a serum C-peptide level <0.6 ng/mL; they were
all diagnosed with TIDM. The proportion of children with T2DM increased in
accordance with C-peptide level. Forty-nine of 223 children had a C-peptide level
>3.0 ng/mL; 48 of them (97.9%) were diagnosed with T2DM.

Conclusion: In this study, we found that if the C-peptide level was <0.6 ng/mL at
diagnosis, T2DM could be excluded; if C-peptide level was >3.0 ng/mL, a TIDM
diagnosis is unlikely. This finding suggests that serum fasting C-peptide level is
useful for classifying DM type at the time of diagnosis in youth.
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Introduction

Diabetes mellitus (DM) is one of the most common chronic disorders in children and
adolescents characterized by hyperglycemia". Major forms of DM are classified according
to deficiency of insulin secretion from pancreatic -cell damage (type 1 DM [T1DM]) and
a consequence of insulin resistance with various degrees of B-cell impairment (type 2 DM
[T2DM]). Before the 1980s, T1IDM was the only form of DM considered prevalent in children
and adolescents. However, recent reports show an increasing prevalence of T2DM in children
and adolescents around the world*". With rising obesity rates in children, it is increasingly
difficult to differentiate between TIDM and T2DM on clinical grounds alone. Beside clinical
characteristics, serum insulin level, pancreatic autoantibodies, and human leukocyte antigen
(HLA) typing may help differentiate the 2 types of DM, but these tests are not specific
diagnostic tools. Furthermore, diabetes classification at diagnosis is very important for optimal
treatment.

C-peptide reflects insulin secretion from pancreatic p cells, and the amount of insulin
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secreted reflects the metabolic needs of the body. One of the
major roles for measuring C-peptide in pediatric populations
is to assist in the correct diagnosis of diabetes subtypes, which
in turn determines appropriate management. C-peptide levels
are usually elevated in children with T2DM at diagnosis in
contrast to children with TIDM. Katz et al.” identified that a
fasting C-peptide level at 0.85 ng/mL had 83% of sensitivity
and 89% specificity for distinguishing pediatric T1IDM from
T2DM at diagnosis. Recently, a study conducted in Sweden
reported that a random C-peptide level at diagnosis may help to
classify DM type”. It is also useful in T1DM to monitor disease
course. In childhood-onset T1DM, most of patients are severely
deficient within 2 or 3 years of diagnosis, whereas in T2DM
and maturity-onset diabetes of youth (MODY), C-peptide
levels persist””. C-peptide can be measured in blood (fasting
or nonfasting) and urine, and there is a significant correlation
between blood level and urinary C-peptide measures'”’. Simpler
methods for measuring C-peptide are now available to evaluate
endogenous insulin secretion in routine clinical practice.

The aim of this study was to find a correlation between
C-peptide level and types of DM and distribution of C-peptide
level according to types of DM in children and adolescents.

Materials and methods
1. Patients

Two hundred and twenty-three children and adolescents
with diabetes were included in this study. All patients had been
diagnosed with diabetes between January 2001 and Decem-
ber 2012 and followed for at least one year at the Pediatric
Endocrinology Departments of 5 hospitals located in the
Jeonbuk and Jeonnam provinces in Korea. Exclusion criteria
were: (1) known diabetes before this study; (2) follow-up period
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<1 year; (3) younger than 3 months of age; and (4) highly sus-
pected MODY based on family history. The Institutional Review
of the Clinical Research Institute in each hospital approved the
study protocol.

2. Methods

The clinical characteristics and laboratory data of the 223
patients were obtained by reviewing their medical records.
The following laboratory data from time of diagnosis were
included: plasma glucose, bicarbonate, C-peptide, hemoglobin
Alc (HbAlc), pancreatic autoantibodies (anti-GAD, IAA, TA-2,
and ICA 512), thyroid autoantibodies (antithyroid peroxidase
antibodies, antimicrosomal antibodies, antithyroglobuin
antibodies, thyroid-stimulating hormone receptor antibodies),
and HLA typing, Fasting serum C-peptide level at diagnosis was
measured using an immunofluorescence assay (Cobas e 601
analyzer, Japan Hitachi, Tokyo, Japan).

Diagnosis of diabetes is based on the following criteria: (1)
symptoms of diabetes plus random plasma glucose level =200
mg/dL, (2) fasting plasma glucose level 2126 mg/dL, or (3)
2-hour postload glucose level 2200 mg/dL. Initial classification
of diabetic types was based on clinical and laboratory
characteristics including fasting serum C-peptide at diagnosis;
final classification was based on additional data including
pancreatic autoantibodies, HLA type, and clinical course. We
use a same interval of C-peptide level on Swedish studyG).

3. Statistical analysis

All variables were expressed as meantstandard deviation
values or percentage. Statistical analyses were performed using
SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). Student #-test and
one-way analysis of variance were used. Cross tabulation and

Children with
T1DM/T2DM
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Fig. 1. Initial and final classification of 223 children with diabetes mellitus (DM). TIDM, type 1 DM; T2DM,

type 2 DM.
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chi-square test was used for expecting positive rate. When there
were indications of skewed distribution, Mann-Whitney U test
or Kruskall-Wallis test was used. Statistical significance was
defined as a P<0.05 for all clinical and laboratory data.

Results

1. Initial and final classification of 223 children with DM
A total of 223 patients were identified with diabetes in 5

Table 1. Comparison of clinical and laboratory features of TIDM
and T2DM

Variable T1DM T2DM P-value
Age (yr) 10.1+4.0 14.0+2.3 <0.001
Body mass index (kg/m?) 16.5£3.6 246+42 <0001
HbATc (%) 121422 10.7£2.7 <0.001
pH 7301 7.4+0.1 <0.001
HCO, (mmol/L) 17.8+7.2 237426 <0.001
BEECF (mmol/L) —7.84+8.6 —1.0£2.7 <0.001

Glucose (mg/dL) 36722150 2393+139.3 <0.001

C-peptide (ng/mL) 0.80+0.6 391124 <0.001
Family history of T2DM (%) 29.5 573 <0.001
Polydipsia (%) 90.6 43.8 <0.001
Polyuria (%) 913 40.5 <0.001
Weight loss (%) 85.2 350 <0.001
DKA (%)” 386 24 <0001
Thyroid Ab (%) 29.6 17.0 0.152
Pancreatic Ab (%) (n=150) 794 8.1 <0001
HLA DR 3/4 (%) (n=91) 60.7 40.0 0.118

Values are presented as mean+standard deviation unless
otherwise indicated.

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus;
HbATc, hemoglobin Alc; HCO3, bicarbonate; BEECF, base excess
in extracellular fluid; DKA, diabetic ketoacidosis; HLA, human
leukocyte antigen.

“The participant number of arterial blood gas analysis: T1DM,
104; T2DM, 83. ”We marked positive if at least one of anti-GAD,
IAA, 1A-2, and ICA 512 was positive.
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hospitals (Fig. 1). Among them, 137 children (61.4%) were
initially classified as having TIDM at diagnosis; the remaining
86 children (38.6%) were diagnosed with T2DM. Of the 223
children with diabetes, 5 (2.2%) had a subsequent change in type
of diabetes, based on pancreatic autoantibody, HLA typing, and
clinical courses. One of 137 children initially classified as T1DM
was reclassified as having T2DM, and 4 of 86 children with
T2DM at diagnosis were reclassified as having T1DM.

2. Clinical and laboratory characteristics of TIDM and T2DM

The clinical and laboratory characteristics of the 223 children
with diabetes are shown in Table 1. The mean age at diagnosis
in children with TIDM was 10.1+4.0 years; this age was signifi-
cantly lower than that of children with T2DM (10.1+4.0 years
vs. 14.0+£2.3 years, P<0.001). The mean BMI of the children
with T2DM was significantly higher than that of children of
TIDM (24.6+4.2 kg/m’ vs. 16.5+3.6 kg/m”, P<0.001). Children
with TIDM were less likely to have a family history of T2DM
(29.5% vs. 57.3%), more likely to have typical diabetic symptoms
(polyuria, polydipsia, weight loss) and diabetic ketoacidosis
(DKA) (38.6% vs. 2.4%), and have higher serum HbA1c levels
(12.1% vs. 10.7%). Pancreatic autoantibodies and HLA typing
were examined in 150 and 91 diabetic children, respectively. The
prevalence of pancreatic autoantibody was higher in children
with TIDM than in children with T2DM (79.4% vs. 8.1%).
However, there were no significant differences in the prevalence
of thyroid antibodies and HLA-DR 3/4 between T1DM and
T2DM.

3. Relation between C—peptide level and type of diabetes

The serum C-peptide level was significantly higher in T2DM
than TIDM (3.91 ng/mL vs. 0.80 ng/mL, P<0.001). A total of
140 children with TIDM had of C-peptide concentration range
of 0.01-3.93 ng/mL (Fig. 2). Only 1 of them had a C-peptide
level 23.0 ng/mL, and 38.6% of patients had a C-peptide value
<0.6 ng/mL. In contrast, 48 of 83 children with T2DM (57.8%)
had a C-peptide level 23.0 ng/mL, and none had a C-peptide

[ 7iom @ T12DM
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Fig. 2. Distribution of C-peptide level in type 1 (T1DM) and type 2 diabetes mellitus (T2DM).
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level <0.6 ng/mL. The proportion of children with T2DM
increased in accordance with serum C-peptide level. The
predictive value for T2DM is 6.3% (95% confidence interval [CI],
2-16) if the C-peptide level is between 0.6 and 1.2 ng/mL,22.7%
(95% CI, 9-46) it between 1.2 and 1.8 ng/mL, 75.0% (95% CI,
53-90) if between 1.8 and 2.4 ng/mL, 80.0% (95% CI, 44-96) it
between 2.4 and 3.0 ng/mL, 95.8% (95% CI, 77-100) if between
3.0and 4.5 ng/mL, and 100% if C-peptide level >4.5 ng/mL.

Among 223 diabetic children, 5 had a subsequent change
in type of diabetes. One of 137 children initially classified as
having TIDM was changed to T2DM classification, and his
initial serum C-peptide level was 1.5 ng/mL. He had clinical
symptoms of diabetes but he was negative for DKA and a family
history of diabetes. Four of 86 children initially classified as
having T2DM were subsequently reclassified as TIDM; their
serum C-peptide levels were 1.3,2.33,2.73, and 3.93 ng/mL,
respectively. Two of them had pancreatic autoantibodies, 3 had
typical clinical symptoms, and 1 had DKA at diabetes diagnosis.
During follow-up, these patients’ serum C-peptide levels gra-
dually decreased to 0.66 ng/mL, 1.13 ng/mL, 0.37 ng/mL,and 3.0
ng/mL, respectively.

Discussion

Major forms of DM are classified as TIDM and T2DM.
T1DM is insulin-deficiency diabetes caused by pancreatic §3-cell
destruction. T2DM is insulin-resistant diabetes that causes
a relative insulin deficiency. The occurrence rate of T1DM is
higher than that of T2DM in children and adolescents.

The treatment method, decision for insulin injection, and
treatment start time depends on the type of DM. DM classifica-
tion in clinical cases depends on age, clinical symptoms, ketonic
acid presence in urine, obesity, family history, evidence of
autoimmune disease, and serum C-peptide level. The patients
with (1) younger age of onset, (2) clinical symptoms, (3) DKA
presence, and (4) suspected autoimmune disease tend to be
classified as T1DM. On the other hand, patients who (1) are
obese, (2) have a family history of T2DM, (3) have few or
no diabetic symptoms, (4) have insulin resistance tend to be
classitied as T2DM. However, it is difficult to classify DM in
some cases, even though there are significant differences in each
type. For instance, typical clinical symptoms for each DM type
are not found, autoimmune features are found in T2DM, HLA
type is not clearly distinguished, and the recent trend of child
obesity is increasing'""?.

C-peptide levels reflect the residual insulin secretion function
of B cells in the following manner: 1 molecule of proinsulin
decomposes into 1 molecule of insulin and 1 molecule of
C-peptide. As a result, measuring the C-peptide level is
meaningful in diagnosing T1DM. The main cause of TIDM is
disruption of { cells by autoimmunity, which leads to decreased
insulin secretion function'”'®. Because there was no large-
scale study in Korea about using specific C-peptide levels for
classifying DM type, we undertook diverse research on the
topic. This study is meaningful that it is the first large-scale

Cho MJ, et al. - Serum C-peptide level for classifying diabetes in youth

epidemiologic study on this topic in Korea.

As shown in other studies, we also found typical characteris-
tics of DM. In this study, TIDM age of onset was younger than
in T2DM and T2DM BMI was higher than that in T1IDM.
Family history of TIDM was 29.5%, whereas that of T2DM
was 57.3%. The clinical symptoms of polyuria, polydipsia, and
weight loss were found more frequently in TIDM than in
T2DM. T1DM DKA was 38.6%, which was much higher than
the 2.4% from T2DM. The positivity of pancreatic autoantibody
and thyroid autoantibody was higher in TIDM than in T2DM.

In this study, the 54 patients whose initial C-peptide level was
<0.6 ng/mL were diagnosed with TIDM without exception.
Except for 1 TIDM case whose C-peptide level was 3.93 ng/
mL, the other 48 patients whose C-peptide level was >3.0 ng/
mL were diagnosed with T2DM. In this study, the proportion of
patients diagnosed with T2DM rose along increasing C-peptide
levels; this result was quantified.

In this study, using C-peptide levels to classify DM type is
different from the results of a 2012 Sweden study. According to
Ludbigssons homogeneous research”, the expected proportion
of C-peptide level for T2DM is 0.1% if <0.6 ng/mL, 2% if
between 0.6 and 3.0 ng/mL, and 46% if >3.0 ng/mL. This
suggests that a considerable proportion of TIDM is found at
the <3.0 ng/mL interval® for the following reasons. First, the
Swedish study used random C-peptide levels instead of fasting
C-peptide levels. This could cause a raised C-peptide level,
which affects the result that TIDM is found among those with
a high C-peptide level. Fasting C-peptide level correlate well
with late postprandial serum C-peptide level, but overnight fast
is preferred for purposes of standardization and more routinely
used'*"”. Second, there is difference in ethnic groups. Diabetes
prevalence rate and type ratio are difterent between Korean and
Swedish patients. T1DM is diagnosed in 40 of 0.1 million people
in northern Europe, whereas 1.14 of 0.1 million are diagnosed
in Korea and Japan'’. In Swedish pediatric patients, 93% of
patients have T1DM and only 1.9% have T2DM, whereas about
60%-70% have T1DM in Korea'*”. In Korea, only 50%-60%
of cases report autoimmune positivity; however, this level is
70%-90% in other countries™ *. Obesity causing T2DM is 80%
of T2DM in Western countries, whereas the majority of T2DM
is not caused by obesity in Korea. DKA positivity is present in
only 17% Swedish patients. Accordingly, other ethnic groups’
DM characteristics are different”.

In our study, 5 cases changed DM type while undergoing
medical treatment: 4 from T2DM to TIDM and 1 from T1DM
to T2DM, showing that characteristics of T1DM coexist with
those of T2DM. These facts make it hard to classify DM type.
In the 4 cases that changed from T2DM to T1DM, their initial
C-peptide levels were 1.3,2.3,2.7, and 3.93 ng/mL. Three of
these patients had clinical symptoms of diabetes, 1 presented
with obesity, and 1 had a family history of DM. There was
uncertainty about T2DM classification in these patients, and
they were classified as T1DM because serologic markers can be
confusing. However, they constantly needed insulin treatment
and, later, their average C-peptide levels gradually decreased to
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0.66, 1.1,0.37,and 3.0 ng/mL, respectively. As a result, their final
classification was changed to TIDM. In 1 case of change from
T1DM to T2DM, the patients initial C-peptide level was 1.5 ng/
mlL, and the patient had clinical symptoms of diabetes and was
obese, but was negative for DKA and family history of DM. This
patient was initially classified as having TIDM based on the
clinical symptoms, but final classification was changed to T2DM
because the subsequent C-peptide level was 3.5 ng/mL. Thus
the additional measurement of C-peptide level is important to
include because there is an expected proportion of T2DM in
accordance with C-peptide level.

There are some limitations to this study. First, it is a retrospec-
tive study based on medical records, which can cause errors.
Second, this study is a multicenter study with different clini-
cians. Third, factors that can affect C-peptide levels, such as
infection, are unknown®”. Fourth, the number of participants
is low. The Swedish study included 2,734 patients. It is difficult
to conclude that the differences in this study were caused only
by different characteristics of the ethnic groups; thus, further
joint research and epidemiologic studies with large number of
patients in Korea is required. Fifth, this study is undertook for
11 years, which is relatively long period than 4 years of Swedish
study. Long research period could affect on consistency of cases.

In conclusion, it is not easy to determine the DM type in
initially diagnosed diabetes patients for several reasons: atypical
clinical symptoms of each DM type, autoimmune features
found in T2DM, aspecific HLA type, and the increasing trend
of child obesity. But serum C-peptide level measured at initial
diabetes diagnosis is significantly useful for classifying DM type
and choosing the appropriate treatment method.
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