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C-peptide is the best indicator of endogenous insulin secretion in patients with
diabetes. This study investigated the relationship between C-peptide levels and clin-
ical/laboratory parameters of children with type 1 diabetes mellitus (T1DM), as meas-
ured at 6-month intervals after diagnosis. We retrospectively reviewed the data of 34
children with newly diagnosed T1DM. The study subjects were subdivided into a rapid
progression group with C-peptide levels <0.6 ng/mL at 36 months (n=27; Group A) and
a slow progression group with C-peptide levels > 0.6 ng/mL at 36 months (n=7; Group
B). Patients in Group A had a younger mean age at diagnosis (A: 9+4.3 years vs. B:
13.6+3.6 years; p=0.013) and lower body mass index (BMI) (A: 15.5+2.5 kg/m” vs. B:
18.7+3.3 kg/m®; p=0.035). There were fewer asymptomatic patients with glucosuria in
Group A, with these patients showing more severe symptoms, such as diabetic ketoaci-
dosis (p=0.035), than those in Group B. Group A also had lower initial C-peptide levels
(A: 0.5£0.46 ng/mL vs. B: 1.87+1.08 ng/mL; p=0.001). There were no significant inter-
group differences in sex, family history, baseline hemoglobin Alc (HbAlc), potential
of hydrogen (pH), autoantibodies or serum insulin. Simple correlation analyses showed
that C-peptide levels were correlated with age and BMI, but not with pH, insulin, or
HbA1lc. Younger patients, who had a lower BMI, significant symptoms with complica-
tions, and/or a low initial C-peptide level, tended to show a rapid rate of decrease in
C-peptide levels. Early intensive insulin therapy to preserve beta-cell function should
be considered in these groups.
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INTRODUCTION

Measurement of C-peptide levels is currently believed to
be the best method to evaluate endogenous insulin secre-
tion and may assist in the clinical management of diabetes
mellitus (DM), especially in insulin-treated patients in
whom the diabetes subtype is uncertain.' Even though type
1 diabetes mellitus (T1DM) is characterized by a lack of in-
sulin, some patients have significant residual beta-cell
function. The progression rate of insulin deficiency, mean-
ing the loss of beta-cell function, varies greatly among
patients. Factors associated with significant residual be-
ta-cell function include age at diagnosis, early diagnosis,
and onset of DM after infection.”
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Most children with positive, multiple autoantibodies de-
velop T1DM, but progression rates vary widely from a few
months to several years after seroconversion. Age at sero-
conversion, autoantibody levels, and affinity are factors as-
sociated with the progression of the disease among children
with multiple autoantibodies who may develop T1DM later
and show rapid disease progression (T1DM within three
years after seroconversion) or slower progression (remaining
non-diabetic for > 10 years after seroconversion).>* Earlier
studies have shown that the genotypes of non-human leu-
kocyte antigen (HLA) T1DM susceptibility genes influence
the likelihood and/or rate of diabetes development.*

Recently, there has been a resurgence of interest in the
determination of C-peptide levels. The amount of residual
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insulin secretion is reflected by C-peptide level or by the
hormone itself; accordingly, the risk of serious hypoglyce-
mia or late microvascular complications decreases with
slight residual insulin secretion.” The heterogeneity of dia-
betes at clinical onset with the increased incidence in chil-
dren makes C-peptide important since it may contribute
to the classification of newly diagnosed children.’ This
study aims to investigate the relationship between C-pep-
tide levels and clinical/laboratory parameters of children
with T1DM as measured at six-month intervals for the first
three years after diagnosis.

MATERIALS AND METHODS

1. Subjects

In total, 109 children with T1IDM who were newly diag-
nosed at the Pediatric Endocrinology Department of
Chonbuk National University Children’s Hospital be-
tween January 1, 2000 and December 31, 2014 were in-
cluded in the current study. Exclusion criteria were as fol-
lows: (1) previously diagnosed T1DM (n=9); (2) change in
subtype from T1DM to type 2 DM (T2DM) (n=5); and (3) fol-
low-up measurements of C-peptide not performed (n=61).

TABLE 1. Subjects’ initial demographic and clinical characteristics
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Finally, 34 children (19 girls, 15 boys), aged one to 19 years
(mean age: 9.7+4.6 years) with T1DM were enrolled in the
study. The decision as to whether each patient’s disease
progression was rapid or slow was based on their C-peptide
level at 36 months, since we assumed that most of the
C-peptide levels of T1IDM patients would be fully decreased
at three years after diagnosis. Therefore, all subjects were
categorized into two groups based on their C-peptide levels
at 36 months: 27 into a rapid progression group with a
C-peptide <0.6 ng/mL at 36 months (Group A) and seven
into a slow progression group with a C-peptide level >0.6
ng/mL at 36 months (Group B).

The study subjects were also subdivided into three
groups based on their severity of symptoms at diagnosis as
follows: asymptomatic patients with glucosuria only (5.9%),
patients with polydipsia, polyuria or weight loss (67.6%),
and patients with significant symptoms with complica-
tions such as diabetic ketoacidosis (DKA) (26.5%). DKA
was diagnosed according to hyperglycemia with plasma
glucose >200 mg/dL, acidosis (arterial potential hydrogen
(pH) <7.3), and ketonemia and/or ketonuria with symp-
toms of DM. This study was approved by the Institutional
Review Board of the Clinical Research Institute of Chonbuk

Rapid progression group

Slow progression group

Characteristic Total (group A) (group B) p-value
Number (%) 34 (100.0) 27 (79.4) 7 (20.6)
Age (years) 10+4.6 9+4.3 13.6+3.6 0.013
Sex (%)
Female 19 (55.9) 17 (89.5) 10 (66.7) 0.177
Male 15 (44.1) 2(10.5) 5(33.3)
BMI (kg/mz) 16.1+2.8 15.5+2.5 18.7+3.3 0.035
Family history of T2DM (%) 20 (58.8) 16 (59.3) 4 (57.1) 0.934
Symptoms
Glucosuria 2 (5.9) 0(0.0) 2 (28.6) 0.035
Polydipsia Polyuria Weight loss 23 (67.6) 18 (66.7) 5(71.4)
Diabetic ketoacidosis 9(26.5) 9(33.3) 0(0.0)
C-peptide (=0.6 ng/mL) 18 (52.9) 11 (40.7) 7(100.0) 0.015
Pancreatic auto Ab 1+ 31(91.2) 24 (88.9) 7 (100.0) 0.677
Pancreatic auto Ab 2+ 19 (55.9) 16 (59.3) 3 (42.9) 0.531
Pancreatic auto Ab 3+ 4(11.8) 4(14.8) 0(0.0) 0.559
Thyroid Ab (+) 8(23.5) 8(29.6) 0 (0.0) 0.239
HbAlc (%) 11.8+2.21 12+2.26 11.64+2.14 0.803
pH 7.38+0.14 7.38+0.15 7.40+0.03 0.285
Serum insulin (pU/mL) 0.82+0.26 0.87+0.26 0.71+0.25 0.257
C-peptide (ng/mL)
Initial 0.68+0.80 0.5+0.46 1.87+1.08 0.001
6 months 0.8+0.97 0.6+0.74 2.24+0.78 0.000
12 months 0.29+1.18 0.2+0.30 2.64+1.45 0.000
18 months 0.28+0.89 0.1+0.34 2.24+0.55 0.000
24 months 0.1+1.15 0.05+0.28 2.37+1.56 0.000
30 months 0.09+0.67 0.05+0.15 1.64+0.42 0.000
36 months 0.02+0.58 0.02+0.14 1.38+0.47 0.000

BMI: body mass index, T2DM: type 2 diabetes mellitus, DM: diabetes mellitus, Ab: antibody, HbA1lc: hemoglobin Alc, pH: potential

of hydrogen.
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National University Hospital (IRB No. CUH 2017-03-
022-002).

2. Methods

We retrospectively reviewed the medical records of the
34 included patients and recorded their clinical character-
istics and laboratory data. Laboratory findings at the time
of diagnosis included serum fasting C-peptide; serum glu-
cose; insulin; hemoglobin Alc (HbAlc); pancreatic auto-
antibodies (anti-glutamic acid decarboxylase, insulin au-
toantibody, islet antigen 2, and islet cell antibody 512); thy-
roid autoantibodies (antithyroid peroxidase antibody, an-
tithyroglobulin antibody, antimicrosomal antibody, thy-
roid-stimulating hormone receptor antibody); and HLA
typing. Overnight fasting serum C-peptide levels were
measured using an immunofluorescence assay (Cobas
E601 analyzer; Japan Hitachi, Tokyo, Japan). In this
study, a cut-point at the C-peptide level =0.6 ng/mL was
used to define “preserved C-peptide,” indicating residual
beta-cell function.™®

A diagnosis of DM is based on the following criteria: (1)
symptoms of diabetes plus random glucose levels of >200
mg/dL, (2) fasting plasma glucose levels of >126 mg/dL, or
(3) two-hour post-load glucose levels of =200 mg/dL. In this
study, the initial classification of DM was done based on
signs, clinical symptoms, and demographic features of the
patient, and later confirmed by laboratory tests for auto-
antibodies associated with DM, since T1DM is defined by
the presence of one or more of these autoimmune markers.
HLA genotyping, C-peptide, family history, and the clin-
ical course of the patient were also considered in the classi-
fication of DM.’

3. Statistical analysis

A statistical analysis was performed using SPSS ver.
18.0 (IBM Corp., Armonk, NY, USA). The Kolmogo-
rov-Smirnov test was used to determine whether the data
followed a normal distribution. The Mann-Whitney U test
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was used to compare patient age, serum C-peptide, insulin,
HbAlc, autoantibody, pH, and follow-up C-peptide levels
between the rapid and slow progression groups. A simple
correlation analysis was used to compare correlations be-
tween age, body mass index (BMI), pH, insulin, and HbAlc
and C-peptide levels at different time points. The results
are expressed as meanszstandard deviation. Statistical
significance was defined as p <0.05 for all clinical and labo-
ratory data.

RESULTS

1. Subjects’ demographic and clinical characteristics

The demographic and clinical characteristics of the
study subjects are shown in Table 1. Of the total 34 patients,
79.4% were part of the rapid progression group (Group A)
and 20.6% were part of the slow progression group (Group
B). Patients in Group A had a younger mean age at the time
of diagnosis (A: 9+4.3 years vs. B: 13.6+3.6 years; p=0.013)
and a lower mean BMI (A: 15.5+2.5 kg/m® vs. B: 18.7+3.3
kg/m?*; p=0.035), and showed severe symptoms with com-
plication such as DKA (p=0.035) as compared with the pa-
tients in the slow progression group (Group B). In contrast,
asymptomatic glucosuria was observed only in Group B
(28.6%). Group A also showed a significant difference in ini-
tial C-peptide levels (A: 0.5+0.46 ng/mL vs. B: 1.87+1.08
ng/mL; p=0.001) and follow-up C-peptide levels (C-peptide
at 6 months, p=0.000; 12 months, p=0.000; 18 months,
p=0.000; 24 months, p=0.000; 30 months, p=0.000; 36
months, p=0.000). There were no significant intergroup
differences with regards to patient sex, family history of
T2DM, baseline HbAlc, pH, pancreatic autoantibodies,
thyroid antibodies, or serum insulin.

2. C-peptide levels at diagnosis and a comparison of fol-
low-up C-peptide levels
Among the 27 studied subjects of Group A who showed
C-peptide levels of <0.6 ng/mL at 36 months after diag-
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FIG. 1. C-peptide levels at diagnosis of type 1 diabetes mellitus in both groups. Group A (Rapid progression group): C-peptide <0.6
ng/mL at 36 months, Group B (Slow progression group): C-peptide =0.6 ng/mL at 36 months.
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nosis, 16 patients showed C-peptide levels of <0.6 ng/mL
and 11 patients showed C-peptide levels of >0.6 ng/mL at
the time of T1IDM diagnosis (Fig. 1). By contrast, among the
subjects in Group B, who showed C-peptide levels of =0.6
ng/mL at 36 months after diagnosis, all seven patients
showed C-peptide levels of >0.6 ng/mL at the time of T1DM
diagnosis.

We examined follow-up C-peptide levels during the first
three years after diagnosis in Groups A and B. Serum
C-peptide levels in Group A decreased sequentially to <0.6
ng/mL (Fig. 2). In contrast, C-peptide levels in Group B re-
mained =0.6 ng/mL over the three-year period.

3. Correlation (y) of levels of C-peptide with clinical varia-

bles

Simple correlation analyses showed that C-peptide lev-
els at diagnosis and at 24 months post-diagnosis in the 34
patients were correlated with BMI (at diagnosis: p=0.009,
v=0.440; 24 months: p=0.002, y=0.516; Table 2). C-peptide
levels at 12 and 36 months post-diagnosis were correlated
with age (12 months: p=0.046, y=0.344; 36 months:
p=0.014, y=0.417) and BMI (12 months: p=0.030, y=0.373;
36 months: p=0.009, y=0.443). However, C-peptide levels
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were not correlated with the other laboratory variables
studied, including pH, insulin, and HbAlc.

When evaluated separately, C-peptide levels at diag-
nosis in Group A were correlated with age (p=0.046,
v=0.387) and follow-up C-peptide levels (p=0.022, y=0.438,
Table 3). In Group B, C-peptide levels at diagnosis were cor-
related with HbAlc (p=0.046, y=—0.756), but not with fol-
low-up C-peptide levels. However, in Group B, the C-pep-
tide levels at 36 months were not significantly correlated
with HbAlc, but were correlated with the C-peptide levels
at 24 months (p=0.034, y=0.792).

DISCUSSION

The majority of patients with childhood-onset T1IDM are
relatively insulin deficient within two to three years after
diagnosis as compared to those who have T2DM, in whom
C-peptide levels tend to persist.'® However, it can be diffi-
cult to classify DM in some cases due to an overlapping of
the presentation of typical laboratory findings or clinical
symptoms between the different DM types. For example,
pancreatic autoantibodies can be detected in some young
patients with T2DM. Additionally, a rapid worldwide in-

B Group B

18
Month

FIG. 2. Distributions of follow-up C-peptide levels over 36 months. Group A (Rapid progression group): C-peptide <0.6 ng/mL at 36
months, Group B (Slow progression group): C-peptide =0.6 ng/mL at 36 months.

TABLE 2. Correlation (y) between serum C-peptide levels and clinical variables over 36 months

C-peptide level

At diagnosis 12 months 24 months 36 months
P Y p Y p Y p Y
Age 0.055 0.332 0.046 0.344 0.082 0.302 0.014 0.417
BMI 0.009 0.440 0.030 0.373 0.002 0.516 0.009 0.443
pH 0.218 0.224 0.121 0.279 0.120 0.281 0.120 0.281
Insulin 0.109 —0.279 0.394 —0.151 0.364 —0.161 0.210 —0.220
HbAlc 0.411 —0.146 0.338 —0.169 0.437 —0.138 0.788 —0.048

BMI: body mass index, pH: potential of hydrogen, HbAlc: hemoglobin Alc.
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TABLE 3. Correlation (y) between serum C-peptide levels at diagnosis and 36 months and clinical variables

Rapid progression group Slow progression group
(group A) (group B)
p Y p Y

C-peptide at diagnosis  Age 0.046 0.387 0.157 —0.597
BMI 0.684 0.082 0.133 0.626
pH 0.449 0.155 0.947 0.035
Serum insulin 0.287 —0.213 0.648 —0.212
HbAlc 0.355 0.185 0.046 —0.756
Serum C-peptide 6 month 0.022 0.438 0.538 0.283
12 month 0.255 0.227 0.606 0.239

18 month 0.004 0.540 0.454 —0.341

24 month 0.020 0.446 0.300 0.459

30 month 0.014 0.467 0.158 —0.596

36 month 0.053 0.376 0.930 —0.041

36 month C-peptide Age 0.494 0.138 0.824 —0.104
BMI 0.340 0.191 0.240 0.512
pH 0.245 0.236 0.690 0.210
Serum insulin 0.055 —0.374 0.533 0.287
HbAlc 0.225 0.241 0.749 —0.149
Serum C-peptide Initial 0.053 0.376 0.930 —0.041
6 months 0.010 0.484 0.899 —0.060

12 months 0.069 0.355 0.127 0.633

18 months 0.000 0.737 0.228 0.523

24 months 0.000 0.793 0.034 0.792

30 months 0.000 0.789 0.251 0.502

BMI: body mass index, pH: potential of hydrogen, HbAlc: hemoglobin Alc.

crease in childhood obesity means that even patients with
T1DM can present with obesity.'""

Even very low residual beta-cell function is associated
with enhanced glycemic control, a lower incidence of hypo-
glycemia, and considerable reductions in the development
of vascular complications in T1DM patients."*’® The
amount of endogenous insulin secretion associated with
these clinical improvements is relatively small, and re-
sidual beta-cell function is present in many patients during
the first few years after diagnosis.'® To evaluate residual
beta-cell function, we examined the serum C-peptide levels
of 34 subjects with T1DM at six-month intervals for the first
three years after diagnosis. The serum C-peptide level cor-
responding with absolute insulin deficiency or absolute in-
sulin requirement in the fasting state was <0.08 nmol/L
(0.24 ng/mL)." Although most of the serum C-peptide levels
were low at diagnosis in the T1DM subjects, the average
C-peptide level at 36 months in the current study was 0.35
ng/mL, which suggests the presence of residual insulin se-
cretion function in the T1DM patients. From this result, we
can speculate that therapies aimed at preserving the re-
maining beta-cell function in patients with T1DM are
needed and may be beneficial.

In addition, the importance of initiating intensive dia-
betic management as early as possible after T1DM is diag-
nosed has emerged. The Diabetes Control and Complications
Trial found that the use of aggressive treatment at diag-
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nosis, with rapid and strict control of hyperglycemia, may
result in improved beta-cell function and could help sustain
endogenous insulin secretion.® Shah et al."” also suggested
that the suppression of endogenous insulin by intensive,
continuous insulin treatment for the first two weeks after
diagnosis of T1DM may improve beta-cell function during
the subsequent year. Many studies to date have inves-
tigated C-peptide levels at the time of DM diagnosis,
whereas only a few have examined follow-up C-peptide lev-
els regularly for several years; thus, our study has sig-
nificance in this regard.'®* Furthermore, we tried to sub-
divide the 18 patients with initial C-peptide levels of >0.6
ng/mL at the time of T1IDM diagnosis into rapid and slow
progression groups, but found no significant difference be-
tween the two groups, probably due to the small number
of patients studied.

A study in Japan showed that the time frames of ear-
ly-stage T1DM onset and progression can vary.”" As in our
study, the disease progresses rapidly with definite clinical
symptoms (rapid-onset form) in some patients, while oth-
ers are identified via the use of urine glucose screening at
a pre-clinical period, but present with no symptoms of DM
(slow-onset form). It is probable that genetic background
as well as environmental factors influence the clinical fea-
tures of the early phase of childhood-onset TIDM.? Uraka-
mi et al.” speculated that a change in the islet cell antibody
titer indicates the slow destruction of the pancreatic beta



cells by the immune system. It is also presumable that im-
munogenic factors could alter the clinical features of T1DM
in children in the early disease phase. However, in the cur-
rent study, there was no intergroup difference in pancre-
atic autoantibody titers. The term “latent autoimmune dia-
betes in adults” refers to adult diabetic patients who are
initially non-insulin-requiring but who have immune
markers of TIDM that can progress to insulin depen-
dency.” This term has been largely used in the last few
years when referring to autoimmune forms of diabetes that
do not initially require insulin; however, it is now known
that these forms of diabetes are neither latent nor limited
to occurring in adults.

Children with lower BMIs showed a tendency toward
rapidly declining C-peptide levels in our study; in other
words, they seemed to have a lower ability to preserve be-
ta-cell function. Redondo et al.’ found that at the time of
diagnosis of autoimmune T1DM, obese and overweight
children were, respectively, 2.4 and >4 times more likely
to have preserved C-peptide levels than lean children, in-
dependent of other factors such as age, sex, ethnicity, and
puberty. In addition, as in our study, patients with a young-
er age at diagnosis also showed a rapid decline in C-peptide
levels.”** Patients in the rapid progression group showed
more significant symptoms with complications like DKA
in our study, and the findings of a previous study also sug-
gest that C-peptide preservation is associated with the pre-
sentation of the disease in the absence of DKA."® Insulin
deficiency is the major factor of DKA; however, the meta-
bolic effects of DKA may transiently reduce insulin secre-
tion. Thus, children who present with DKA at diagnosis
may have significantly lower C-peptide levels.

Therapies focusing on preserving residual beta-cell
function will likely improve the patient’s ability to achieve
good glycemic control.”” However, HbAlc, the standard
measure of glycemic control, is not suitable for predicting
the primary outcomes in clinical trials of such therapies.
Instead, the most appropriate measurement of endoge-
nous insulin secretion and beta-cell function is the stand-
ardized measurement of C-peptide levels. Sensitive and re-
producible assays for measuring C-peptide levels are high-
ly accessible.” Further, HbAlc did not show any correla-
tion with C-peptide levels in our study. Based on a review
of recent studies evaluating new therapies for T1IDM, the
worldwide group of experts assembled by the American
Diabetes Association concluded that evaluating beta-cell
function via C-peptide level measurement is the most suit-
able primary outcome for crucial intervention studies of
therapies aimed at preserving beta-cell function in pa-
tients with TIDM." Our study showed that C-peptide lev-
els at 36 months in Group A and B was correlated with only
C-peptide level at 24 months, but not with C-peptide levels
in other periods. Therefore, considering the honeymoon pe-
riod and other variables, at least 24 months should be al-
lowed to pass in order to predict C-peptide level in the
long-term.

This study has some limitations. First, it was performed
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in a single center, and the number of included patients was
very small (n=34). Additionally, since only seven patients
were included in Group B, the intergroup results might
have been affected by statistical errors. Therefore, a wider
range of further joint research and epidemiologic studies
with a larger number of patients included are required.
Second, the retrospective design of this study based on
medical record review may have resulted in errors. Third,
the impact of factors that can affect C-peptide levels, such
as the presence of infection and puberty, is unknown.”

In conclusion, patients who are younger, have a lower
BMI, significant symptoms, and a low initial C-peptide lev-
el tend to show a rapid rate of decrease in C-peptide levels.
Therefore, the early provision of intensive insulin therapy
to preserve beta-cell function, in an effort to prevent several
metabolic and cardiovascular complications, which carry
social and economic costs, should be considered promptly
in these groups with specific clinical findings. Future ef-
forts should be focused on aspect of the relationship be-
tween C-peptide and residual insulin secretion in order to
predict the clinical outcomes of newly diagnosed T1IDM and
to preserve residual beta-cell function for as long as
possible.
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