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Residual endogenous insulin secretion in Japanese children
with type 1A diabetes
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Abstract. We investigated serum C-peptide immunoreactivity (CPR) levels in registered data from a multi-center
collaborative nationwide type 1 diabetes study. The CPR levels were obtained from 576 and 409 children during the
early registration (2013/2014) and late observation (2016/2017) periods, respectively. The percentages of children with
a CPR < 0.1 or < 0.3 ng/mL increased according to the duration since diagnosis. Among patients with 5 or more years
since diagnosis, 69% had a CPR < 0.1 and 95% had a CPR < 0.3 in the early registration period. A significant negative
correlation was observed between the HbAlc and the CPR levels, and the HbA1c levels were significantly higher among
children with a CPR < 0.1 or < 0.3 than among those with a CPR > 0.6 ng/mL. During the late observation period, the
prevalence of a CPR < 0.1 ng/mL was 88% among long-standing patients and 77% among patients aged 18-20 yr.
Regarding the characteristics of “Responders” with a sustained CPR > 0.6 ng/mL at 5 or more years since diagnosis, six
of the seven were adolescent females; five of the seven had an HLA DR4-DQ4 haplotype. When type 1A diabetes mellitus
(T1AD) children transit to adult care centers, most of them may have some difficulty in glycemic control because of the
depleted endogenous insulin.
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Introduction

Type 1A diabetes (T1AD) is mediated by the

of more than 0.6 ng/mL at study entry among subjects
with a diabetes duration of up to 5 yr was associated
with favorable metabolic and clinical outcomes over

autoimmune destruction of pancreatic islet B-cells (1-3).
In patients with T1AD, C-peptide immunoreactivity
(CPR), which measures the amount of connecting peptide
(C-peptide) co-secreted with insulin from the islets of
Langerhans, permits an estimation of the remaining
B-cell secretion of insulin. Endogenous insulin secretion
in the T1AD patients gradually decreases and becomes
depleted within several years after diagnosis (1-3).
The Diabetes Control and Complications Trial
(DCCT) established that a stimulated CPR concentration
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the subsequent 7 yr of follow-up (4—6). In the intensive
treatment group, for patients with a 50% higher
stimulated CPR level (such as from 0.30-0.45 ng/
mL) upon study entry, the HbAlc level decreased by
0.07%, the insulin dose decreased by 0.0276 U/kg/d, the
hypoglycemia risk decreased by 8.2%, and the risk of
sustained retinopathy reduced by 25% at the end of the
follow-up period (6).

Dramatic technological advances have been made
in insulin therapy, and a multi-center collaborative
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nationwide cohort study (The Japanese Study Group of
Insulin Therapy for Childhood and Adolescent Diabetes:
JSGIT) has reported an improvement in the control of
diabetes in Japan (7, 8). Recently, intensive care with
multiple daily injections of insulin and continuous
subcutaneous insulin infusion (CSII) soon after diagnosis
have been suggested to be beneficial for protecting against
the depletion of endogenous insulin in T1AD children.

We analyzed the recent clinical status of endogenous
insulin levels in Japanese children with T1AD using the
serum CPR levels extracted from the data registered as
part of the JSGIT. We also tried to elucidate the clinical
and genetic characteristics of so-called “Responders”
with a sustained CPR > 0.6 ng/mL at 5 or more years
since diagnosis.

Subjects and Methods

This study analyzed serum CPR levels using data
from the T1AD children registered in the fourth cohort
of the JSGIT (7, 8). Type 1 diabetes was diagnosed
according to the criteria of the Japan Diabetes Society
and the American Diabetes Association (1-3). T1IAD
was defined as type 1 diabetes with one or more
autoantibodies, including glutamic acid decarboxylase
autoantibody (GADAD), protein tyrosine phosphatase
TIA-2 autoantibody (IA-2Ab), and the cation efflux
transporter zinc transporter 8 autoantibody (ZnT8Ab),
whose presence were determined using a previously
described method (9-11).

The CPR levels were obtained from 576 children
(233 boys and 343 girls; age at diagnosis, 0—18 yr; mean
age at diagnosis, 7.3 yr; age at specimen collection, 2—-21
yr; mean age at specimen collection, 12.2 yr) during the
early registration period from March 2013 to February
2014 (2013/2014). To obtain more information on long-
standing T1AD patients, the CPR levels were obtained
from an additional 409 children (170 boys and 239
girls; age at specimen collection, 6-26 yr; mean age at
specimen collection, 15.6 yr) during the late observation
period of the JSGIT from November 2016 to June 2017
(2016/2017).

The time of blood collection for the measurement
of CPR levels was not determined, mainly in non-
fasting (random) samples at the outpatient clinics of
57 nationwide medical centers in Japan. The serum
CPR levels were measured using mainly the electro-
chemiluminescence immunoassay (CLEIA) Lumipulse
Presto C-peptide (Fujirebio, Tokyo, Japan) (12), and
some specimens were measured using the ECLIA
Elecsys C-peptide assay (Roche Diagnostics, Mannheim,
Germany), EIA ST E test TOSOH II C-peptide (Tosoh,
Tokyo, Japan), or CLIA C-peptide Abbott ARCHITECT
G06233R01 (Abbott Japan, Tokyo, Japan).

The HbAlc values were measured at each
institution. The differences between the HbAlc values
measured at each institution and those measured at a
core laboratory (SRL Inc., Tokyo, Japan) were evaluated
to determine the absolute relative difference by dividing

the absolute difference by the HbAlc value measured at
the laboratory. The mean absolute relative difference and
SD was 2.11 £ 0.28% for this cohort (7). The differences
between the participating institutions were thus judged
to be acceptable.

Genomic DNA was extracted from whole blood
specimens. HLA class II typing was performed using
a Luminex Multi-Analyte Profiling system with a
WAKFlow HLA typing kit (Wakunaga, Hiroshima,
Japan) (13). Briefly, the highly polymorphic exon 2 of the
HLA-DRBI1 and -DQB1 genes was amplified using the
primer pairs included in the kit. Each polymerase chain
reaction product was hybridized using sequence-specific
oligonucleotide probes that were complementary to the
allele-specific sequences.

Statistical analysis

The results were expressed as the mean = SD. The
Chi-square test was applied to a two-by-two contingency
table. The Cochran Armitage test was applied for the
trend analysis. The Spearman rank correlation test
was applied for the correlation analysis. Clinical data
among the four groups were analyzed using the Kruskal-
Wallis test. A P-value < 0.05 was considered statistically
significant. All the statistical analyses were performed
using IBM SPSS version 24.0.

Ethical approval

This study was approved by the review board
of Tokyo Women’s Medical University and each of
the participating institutions and was conducted in
accordance with the ethical guidelines and regulations
laid out in the Declaration of Helsinki. Written informed
consent was obtained from each of the patients or their
parents.

The CPR levels of 576 children (233 boys and 343
girls; 2-21 yr old at registration) were obtained during
the early registration period between March 2013 and
February 2014 (2013/2014). A significant negative
correlation was observed (rs =—0.497, P<0.001) between
the serum CPR levels and the duration since diagnosis in
the T1AD children (Fig. 1). The percentages of children
with a CPR < 0.1 ng/mL increased according to the
duration since diagnosis (P < 0.001): 15% for children
within 1 yr of diagnosis, 30% for 1-3 yr since diagnosis,
51% for 3-5 yr, 66% for 5-10 yr, and 78% for 10-16 yr
(Fig. 2). The percentages of children with a CPR < 0.3
ng/mL also increased according to the duration since
diagnosis: 38% for children within 1 year of diagnosis,
60% for 1-3 yr since diagnosis, 86% for 3-5 yr, 93% for
5-10 yr, and 100% for 10-16 yr (Fig. 2). Among long-
standing patients (5 or more years since diagnosis), 69%
(167/246) had a CPR < 0.1 ng/mL, and 95% (233/246)
had a CPR < 0.3 ng/mL.
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Fig. 1. Association between serum C-peptide
immunoreactivity (CPR) and duration since
diagnosis in children with type 1A diabetes
mellitus (T1AD). The CPR levels were obtained
for 576 children (233 boys and 343 girls; age at
registration, 2—21 yr) during the early registration
period from March 2013 to February 2014. A
significant negative correlation was observed (rs
=-0.497, P<0.001) between the serum CPR levels
and the duration since diagnosis in T1AD children.
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Fig. 3. The relation between HbAlc levels and serum
C-peptide immunoreactivity (CPR) levels in type
1A diabetes mellitus (T1AD) children. A significant
negative correlation (rs =—0.155, P<0.01) was seen
between the HbA1lc levels and the CPR levels.

There was a significant negative correlation (rs =
—0.155, P<0.01) between the HbA1c levels and the CPR
levels during the early registration period (2013/2014)
(Fig. 3). The mean HbAlc levels of the three records in
2013/2014 were significantly higher (P < 0.001) among
children with a CPR < 0.1 ng/mL (Gr. 1) and a CPR of
0.1-0.3 ng/mL (Gr. 2) than among those with a CPR of
0.6 ng/mL or more (Gr. 4) (Fig. 4).
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Fig. 2. Change in percentages of patients with each
C-peptide immunoreactivity (CPR) level according
to the duration (yr) since diagnosis in type 1A
diabetes mellitus (T1AD) children. Fifty-two
subjects were diagnosed with T1AD for 1 yr since
diagnosis, 158 for 1-3 yr since diagnosis, 120
for 3-5 yr since diagnosis, 195 for 5-10 yr since
diagnosis, and 51 for 10—16 yr since diagnosis. The
percentage of children with a CPR < 0.1 ng/mL
increased according to the duration since diagnosis
(P<0.001): 15% for within 1 yr, 30% for 1-3 yr, 51%
for 3-5 yr, 66% for 5-10 yr, and 78% for 10-16 yr.
At 5 or more years since diagnosis, 69% (167/246)
had a CPR < 0.1 and 95% (233/246) had a CPR <

0.3 ng/mL.
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Fig. 4. Comparison of HbAlc levels among four groups
with different C-peptide immunoreactivity (CPR)
levels. The mean HbA1lc level of three records at
three-time points in 2013/2014 was significantly
higher (P<0.001) in children with a CPR < 0.1 ng/
mL (Gr. 1) and those with a CPR level of 0.1-0.3
ng/mL (Gr. 2) than in those with a CPR of > 0.6 ng/
mL (Gr. 4).

To obtain more information on long-standing T1AD
patients, we analyzed data from 409 children (170 boys
and 239 girls; age at registration, 6-26 yr; mean age at
registration, 15.6 yr) during the late observation period
from November 2016 to June 2017 (2016/2017). Table 1
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shows the percentages of long-standing T1AD patients
according to four groups of CPR levels. The percentages
of patients with a CPR < 0.1 ng/mL and < 0.3 ng/mL were
88 and 95%, respectively, among patients at 5 or more
years since diagnosis. The percentages of patients with
a CPR < 0.1 ng/mL and < 0.3 ng/mL were 77 and 90%,
respectively, among patients aged 18-20 yr (Table 1).

Table 2 shows the clinical and genetic
characteristics of 15 T1AD newly diagnosed
“Nonresponder” children who had a depleted CPR <
0.1 ng/mL within 1.5 yr after diagnosis. Eighteen T1AD
patients had a depleted CPR < 0.1 ng/mL within 1.5 yr
after diagnosis, and the genetic HLA genotypes were
available for 15 of the 18 Nonresponder patients. Ten
of the fifteen Nonresponders were females, and the
mean age at diagnosis was relatively low (5 yr). The
HLA-DRB1*04:05-DQB1*04:01 (DR4-DQ4) haplotype

Table 1. CPR levels in four groups of long-standing
type 1A diabetes mellitus (T1AD) patients

CPR 5 or more years  18-20 years
Gr (ng/mL) since diagnosis of age
& (n = 342) (n = 125)
Gr.1 <0.1 88% T7%
Gr. 2 0.1-0.3 7% 13%
Gr. 3 0.3-0.6 2% 6%
Gr. 4 >0.6 2% 5%

The subjects were extracted from 409 children (170 boys
and 239 girls; age at registration, 6—26 yr; mean age, 15.6
yr) during the late registration period from November 2016
to June 2017.

was found in 9 of the 15 Nonresponders and 9 of the 30
haplotypes. The DRB1*09:01-DQB1*03:03 (DR9-DQ9)
haplotype was found in 7 of the 15 patients and 7 of the 30
haplotypes. The DRB1*08:02-DQB1*03:02 (DR8-DQ3)
haplotype was found in 4 of the 15 patients and 4 of the
30 haplotypes.

In the JSGIT records, only 10 long-standing
Responders had a CPR > 0.6 ng/mL at 5 or more years
since diagnosis. Genetic HLA data were available for 7
of the 10 long-standing Responders (Table 3). Of note,
the age at diagnosis of the Responders was relatively
high (mean age, 12 yr) and was significantly older (P <
0.05) than that of the Nonresponders (mean, 5 yr) who
had a depleted CPR < 0.1 ng/mL within 1.5 yr after
diagnosis. Furthermore, six of the seven long-standing
Responders were females. The mean HbAlc at diagnosis
was relatively high (13.0%), but the mean HbAlc at
registration improved to 8.1% at 5 or more years since
diagnosis. The DR4-DQ4 haplotype was found in five
of the seven Responders and six (42.8%) of the fourteen
haplotypes. In contrast, only one Responder patient
(7.1%) had a DR9-DQ9 haplotype. We previously
reported that the DR4-DQ4 haplotype was found in 222
(25.8%) of 860 haplotypes, while the DR9-DQ9 haplotype
was found in 275 (32.0%) of 860 haplotypes in 430 T1AD
Japanese children (13).

In this study, we identified patients with
autoimmune T1AD based on the presence of
autoantibodies, including GADAD, IA-2Ab, and ZnT8Ab,

Table 2. Clinical and genetic characteristics of 15 type 1A diabetes mellitus (T1AD) early Nonresponder children with
depleted C-peptide immunoreactivity (CPR) levels (< 0.1 ng/mL) within 1.5 yr after diagnosis.

Age at Years HbAlc at HbAlc at Combination
No. F/ dinenosis after  diagnosis (ng/mL) registra- HLA-DRB1 HLA-DQB1 of
g diagnosis (%) & tion (%) haplotype$
1 F 1 0.6 10.9 <0.1 9.5 *04:05 *08:02 *04:01 *03:02 4/8
2 F 2 1.3 NT <0.1 8.6 *04:05 *13:02 *04:01 *06:04 4/X
3 F 2 1.1 12.3 <0.1 8.6 *04:05 *08:02 *04:01 *03:02 4/8
4 F 2 1.4 14.3 <0.1 8.1 *08:02 *14:07 *03:02 *05:02 8/X
5 F 3 0.8 12.6 <0.1 8.6 *04:05 *07:01 *04:01 *02:01 4/X
6 F 8 1.5 12.6 <0.1 8.8 *09:01 *08:03 *03:03 *06:01 9/P
7 F 9 1.4 NT <0.1 7.5 *09:01 *08:02 *03:03 *03:02 9/8
8 F 10 1.1 9.6 <0.1 8.0 *09:01 *09:01 *03:03 *03:03 9/9
9 F 12 0.8 8.6 <0.1 11.0 *04:05 *08:03 *04:01 *06:01 4/P
10 F 13 0.7 11.3 <0.1 7.1 *09:01 *01:01 *03:03 *05:01 9X
11 M 2 1.5 NT <0.1 7.7 *09:01 *15:02 *03:03 *06:01 9/P
12 M 3 0.6 8.5 <0.1 9.8 *04:05 *04:01 *04:01 *03:02 4/X
13 M 3 1.1 11.5 <0.1 8.4 *04:05 *09:01 *04:01 *03:03 9/4
14 M 4 1.0 NT <0.1 8.9 *04:05 *01:01 *04:01 *05:01 4/X
15 M 5 1.2 14.8 <0.1 10.2 *04:05 *01:01 *04:01 *05:01 4/X
Mean 5 1.1 11.5 <0.1 8.7

Eighteen T1AD patients had depleted CPR (< 0.1 ng/mL) within 1.5 yr after diagnosis, and the genetic HLA genotypes were
available for 15 of the 18 patients. $ 4, DRB1*04:05-DQB1%04:01; 8, DRB1*08:02-DQB1*03:02; 9, DRB1*09:01-DQB1*03:03;

X, neutral risk type; P, protective type.
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and excluded patients with type 1B diabetes and
monogenic diabetes. To the best of our knowledge, this
is the first multi-center collaborative nationwide study
examining residual endogenous insulin levels (using
CPR as a marker) in Japanese children with T1AD.

A significant negative correlation was observed (rs
=-0.497, P<0.001) between the serum CPR levels and
the duration since diagnosis in T1AD children (Fig. 1).
The percentages of children with CPR levels < 0.1 and
< 0.3 ng/mL increased according to the duration since
diagnosis (P<0.001) (Fig. 2). The percentage of patients
with a depleted CPR < 0.1 ng/mL was 88% among T1AD
patients at 5 or more years since diagnosis and 77%
among T1AD patients between the ages of 18-20 yr
(Table 1).

Steffes et al. reported that in the intensively treated
cohort of the DCCT, patients with an undetectable
stimulated CPR level (90 min following the ingestion
of a mixed meal) of <0.03 nmol/L(< 0.1 ng/mL)at the time
of enrollment in the DCCT had a significantly higher
incidence of retinopathy and nephropathy than other
groups with higher CPR levels. Even a modest CPR level
at the time of enrollment in the DCCT was associated
with lower incidences of retinopathy and nephropathy. In
addition, the continuation of insulin (CPR) secretion was
important to avoid hypoglycemia (the major complication
of intensive diabetic therapy) (5).

The DCCT also established that “Responders” with
a stimulated CPR concentration of > 0.2 nmol/L (> 0.6
ng/dL) at study entry among subjects with a diabetes
duration of up to 5 yr were associated with favorable
metabolic and clinical outcomes over the subsequent
7 yr of follow-up (6). The mean HbAlc during 7 yr
of follow-up was 6.9% among Responders and 7.5%
among Nonresponders (stimulated CPR < 0.6 ng/dL).
In addition, the HbAlc level also decreased by 0.07%
per 50% higher CPR level (6).

In our study, blood collection to measure the CPR
levels was performed during visits to our outpatient
clinics and was suggested to have been performed

after a meal, but the detail was not confirmed in the
JSGIT records. Unlike the DCCT, we did not examine
the stimulated CPR level (90 min after the ingestion
of a mixed meal). This is a potential limitation of our
study. However, the subjects with a CPR < 0.1 ng/mL
in our study may resemble the Nonresponders with an
undetectable CPR <0.1 ng/mL in the DCCT.

Our data suggest that childhood-onset T1AD
patients who reach the age of 18-20 yr are likely to be
confronted with the difficulty of controlling their blood
glucose levels because of the depletion of endogenous
insulin.

In previous studies conducted in Japan regarding
the genetic effects of residual pancreatic B-cell function in
type 1 diabetes after diagnosis, Sugihara et al. reported
a remarkable difference between HLA DR9-DQ9 and
DR4-DQ4 patients in a small longitudinal study (14).
The residual pancreatic B-cell function was retained
to a larger degree in the patients with DR4-DQ4 than
in those with DR9-DQ9 at diagnosis within 12—-18 mo
after diagnosis. These results suggest that the DR9-DQ9
genotype may induce a stronger immunological attack
against the target B-cells than the DR4-DQ4 genotype
(14). In a study of mainly adult-onset patients with a
mean age of 34 yr at the time of diabetes onset, Nakanishi
et al. reported that a complete loss of B-cell function
was observed at an earlier stage among patients who
possessed both HLA-A24 and HLA-DQA1*03 and among
patients with HLA-DR9, compared with patients without
these HLLA alleles (P=0.0057 and 0.0093, respectively)
(15).

Our current study was a cross-sectional study, not
alongitudinal study, of JSGIT data. We next attempted
to characterize newly diagnosed Nonresponder children
with a depleted CPR < 0.1 ng/mL within 1.5 yr after
diagnosis (Table 2) and long-standing Responders
with a sustained CPR > 0.6 ng/mL at 5 or more years
since diagnosis (Table 3). Of note, the mean age at
diagnosis in the Responder group was 12 yr, and this
was significantly older than the age at diagnosis in the

Table 3. Clinical and genetic characteristics of 7 type 1A diabetes mellitus (T1AD) Responder children who had
sustained C-peptide immunoreactivity (CPR) levels (> 0.6 ng/mL) at 5 or more years since diagnosis.

B st Years HbAlc at HbAlc at Combination
No. F/ A after  diagnosis (ng/mL) registra- HLA-DRB1 HLA-DQB1 of
diagnosis (%) tion (%) haplotype$
1 F 13 5.1 9.9 2.71 7.6 *04:05 *04:05 *04:01 *04:01 4/4
2 F 10 5.6 17.0 1.50 9.8 *09:01 *15:02 *03:03 *05:01 9X
3 F 15 5.6 15.6 1.20 8.8 *04:05 *04:01 *04:01 *03:02 4/X
4 F 12 6.5 10.3 1.62 8.2 *04:05 *13:02 *04:01 *06:04 4/X
5 F 13 6.7 12.7 2.53 7.0 *04:05 *08:02 *04:01 *03:02 4/8
6 F 11 6.8 13.5 0.70 7.6 *04:05 *04:01 *04:01 *03:02 4/X
7 M 12 8.2 12.3 0.69 7.5 *08:02 *01:01 *03:02 *05:01 8/X
Mean 12 6.4 13.0 1.56 8.1

Ten T1AD patients had a sustained CPR level (> 0.6 ng/mL) at 5 or more years since diagnosis, and the genetic HLA
genotypes were available from seven of the ten patients. $ 4, DRB1*04:05-DQB1%04:01; 8, DRB1*08:02-DQB1*03:02; 9,

DRB1*09:01-DQB1*03:03; X, neutral risk type.
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Nonresponder children (P < 0.05) (Tables 2 and 3).
Furthermore, six of the seven Responders were females.

We did not observe statistically significant
differences in HLA genotypes between the newly
diagnosed Nonresponders and the long-standing
Responders mainly because of the small number of
patients (Tables 2 and 3). However, among the long-
standing Responders, the DR9-DQ9 haplotype was only
found in one patient (14.3%); in contrast, the DR4-DQ4
haplotype was found in five (71.4%) of the seven patients.

Kobayashi et al. divided Japanese IDDM patients
into groups based on the period between clinical onset
and the initiation of insulin therapy to characterize
slowly progressive IDDM (period > 13 mo); most of
these patients had an adult onset (age of onset >16 yr)
(16). The clinical subtype with the slowest progressive
course (slowly progressive IDDM) had distinct findings,
including a late age of onset, a high prevalence of islet cell
antibodies, preserved B-cell function, and a high family
history of NIDDM. Kobayashi et al. also demonstrated
that HLA-DR4 and DQA1*03:01-DQB1*04:01 were more
common in this group than in the control subjects (16).
Urakami et al. reported a slowly progressive form of
type 1 diabetes detected using urine glucose screening
at schools in the Tokyo Metropolitan Area (17). The long-
standing Responders who were identified in this study
to have a sustained CPR > 0.6 ng/mL at 5 or more years
since diagnosis may be a part of the slowly progressive
type 1 diabetes.

In conclusion, despite the recent advancement of
insulin treatment in Japan, the percentages of children
with CPR levels < 0.1 and < 0.3 ng/mL continue to
increase as the duration since diagnosis lengthens.
The prevalence of a CPR < 0.1 ng/mL was 88% among
patients 5 or more years since diagnosis and 77% among
patients aged 18-20 yr. Patients with childhood-onset
T1AD who reached 18-20 yr of age may have difficulty
controlling their blood glucose levels because of the
complete depletion of endogenous insulin.

The Specified Pediatric Chronic Diseases Treatment
Research Projects (SPCDTRP) were launched in 1974
in Japan to allow all children diagnosed with any of the
government-specified chronic diseases, of which type 1
diabetes is one, to be registered. Childhood-onset T1AD
patients are registered to receive healthcare subsidies
until they come of age (20 yr old at the longest). Additional
financial support and care should be offered to childhood-
onset T1AD patients during the transition from pediatric
to adult care centers, especially after the age of 20 yr.
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