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Abstract The aim of this study was to clarify the inci-

dences of and the risk factors for severe retinopathy

requiring photocoagulation therapy and albuminuria in

Japanese patients with childhood-onset type 1 diabetes

mellitus. A total of 756 patients from a cohort study by the

Japanese Study Group of Insulin Therapy for Childhood

and Adolescent Diabetes were included in the study.

Patients were registered in 1995 or 2000, and HbA1cwas

measured every 4 months and analyzed in central hospital

for an average of 6 years. The presence of severe

retinopathy requiring laser photocoagulation and the pres-

ence of albuminuria was checked for during the period

2010–2011. During a median of 18 (range: 15–21) years,

34 out of 756 patients underwent laser photocoagulation

and 57 out of 605 patients developed albuminuria. A Cox

proportional hazards model showed that the risk of severe

retinopathy requiring laser photocoagulation increased by

1.15 (95% confidence interval [CI] 1.03–1.29, p = 0.012)

with each increase of a year in the age at onset, by 4.03

(95% CI 1.20–13.5, p = 0.024) in females, and by 2.05

(95% CI 1.69–2.49, p\ 0.0001) with each increase of 1%

in HbA1c. The risk of albuminuria increased significantly,

by 1.09 (95% CI 1.01–1.18 p = 0.037), with each increase

of a year in the age at onset and by 2.38 (95% CI 1.93–2.97

p\ 0.0001) with each increase of 1% in HbA1c. In Japa-

nese patients with childhood-onset type 1 diabetes, older

age at the onset of diabetes, female rather than male gen-

der, and higher HbA1c were found to increase the risk of

requiring photocoagulation. No patients with HbA1c \
7.5% developed severe retinopathy requiring photocoagu-

lation therapy. The risk of developing albuminuria

increased with age at onset of diabetes and HbA1c. Female

gender was a strong risk factor for severe retinopathy

requiring photocoagulation, but not for albuminuria.

Keywords Child-onset type 1 diabetes � Laser

photocoagulation � Microalbuminuria � Macroalbuminuria �
Microangiopathy

Introduction

Microvascular complications develop in many patients

with type 1 diabetes mellitus, and these complications are

associated with a reduction in quality of life [1]. Over the

last few decades, the cumulative incidence of retinopathy

and nephropathy in patients with type 1 diabetes has

declined [2, 3], which has been attributed to intensified

insulin treatment [4, 5]. The incidence of type 1 diabetes

mellitus is much lower in Japanese than in Caucasian

children [6], and the effect of blood glucose control and
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other clinical characteristics on retinopathy and

nephropathy status has not been reported among Japanese

patients with childhood-onset type 1 diabetes.

In 1991, a high mortality rate among young Japanese

patients with type 1 diabetes was reported by the Diabetes

Epidemiology Research International Mortality Study

Group [7]. The Japanese Study Group of Insulin Therapy

for Childhood and Adolescent Diabetes (JSGIT) was

established in 1994 to create a registry of a large cohort of

patients and facilitate prospective studies aimed at

improving the quality of therapy for children with type 1

diabetes in Japan [8]. Participants in the JSGIT include

pediatric diabetologists and endocrinologists who agreed to

participate in the collaborative network. Thirty-one hospi-

tals throughout Japan agreed to join the JSGIT, which

started cohort studies that were multicenter, observational,

non-population-based surveys of childhood-onset type 1

diabetes, including the collection of data on blood glucose

control and the state of diabetic complications.

The aims of the study reported in the present paper were to

clarify the risk factors for severe retinopathy requiring laser

photocoagulation therapy and for albuminuria in Japanese

patients with childhood-onset type 1 diabetes mellitus.

Patients and methods

Subjects

Participants were children from the Japanese 1995 and 2000

cohorts of the JSGIT study group. The subjects from the

1995 cohort were registered in 1995 and met the following

criteria: (1) the ages of registered patients ranged from 6 to

18 years; (2) they were born between 1977 and 1988 and

diagnosed before 1995; and (3) they were clinically diag-

nosed with diabetes and insulin dependency based on the

World Health Organization (WHO) guidelines [9]. For the

1995 cohort, HbA1c was measured and standardized every

4 months from July 1995 to October 1999. The subjects

from the 2000 cohort were registered in 2000 and met the

following criteria: (1) they developed type 1 diabetes before

18 years of age; (2) they were born between 1982 and 1999

and diagnosed before 2000; and (3) they were clinically

diagnosed with diabetes and insulin dependency based on

the WHO guidelines [9]. For the 2000 cohort, HbA1c was

measured and standardized every 4 months from July 2000

to February 2008. There were 546 patients in the 1995

cohort and 710 patients in the 2000 cohort. We used the data

from the 2000 cohort for the 108 patients who were regis-

tered with both the 1995 and 2000 cohorts. All attending

physicians obtained informed consent from the patients

when presenting them with the questionnaire survey repor-

ted here. The participants provided their informed consent

and the study was approved by the Institutional Review

Board of Tokyo Women’s Medical University under the

approval numbers 874 and 1723.

Methods

A questionnaire was sent to the attending physicians of the

1995 cohort in 2010 and the 2000 cohort in 2011. After

obtaining informed consent from the patients, the physi-

cians reported whether each patient had undergone laser

photocoagulation or not, and whether they were positive or

negative for albuminuria. If the patient had undergone

photocoagulation, we also requested the date and year of

the treatment. Measurement of the albumin-to-creatinine

ratio (UAE) in spot urine was carried out in 2010–2011.

Depending on the UAE, the renal status of each patient was

classified as follows: UAE of\30 mg/g Cr was considered

to indicate normoalbuminuria, UAE of 30–299 mg/g Cr

indicated microalbuminuria, and UAE C 300 mg/g Cr

indicated macroalbuminuria.

In the present study, the HbA1c determination was ini-

tially performed according to the standard of the Japanese

Diabetes Society (JDS) [10]. The HbA1c (NGSP) value was

calculated using the formula HbA1c (%) = HbA1c (JDS)

(%) ? 0.4% [11]. The median HbA1c was calculated based

on the HbA1c values obtained from July 1995 to October

1999 for patients in the 1995 cohort, and from July 2000 to

February 2008 for patients in the 2000 cohort. The recent

HbA1c value was determined by calculating the median

HbA1c value at the time of the questionnaire.

Statistical analysis

The SPSS ver.21 (IBM Japan, Tokyo, Japan) statistical soft-

ware package was used for data evaluation and statistical

analysis. The relative contribution of covariates to the risk for

photocoagulation was analyzed using a Cox proportional

hazards model and the stepwise selection of parameters. We

could not evaluate the date of appearance of albuminuria, so

the risk of albuminuria was analyzed by logistic regression

analysis. The cumulative incidence of laser photocoagulation

was analyzed by the Kaplan–Meier method, and the log-rank

test was used to compare incidence curves. A p value of

\0.05 was considered to indicate statistical significance.

Results

Patient background

Questionnaires were sent to the attending physicians of all

546 patients registered in the 1995 cohort in 2010 and to
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the attending physicians of all 710 patients registered in the

2000 cohort in 2011. Twelve patients were excluded due to

missing information. We collected 356 responses from the

1995 cohort and 520 responses from the 2000 cohort. One

hundred eight of the patients were included in both the

1995 cohort and the 2000 cohort. Finally, at the time of

analysis, the number of study subjects was 756 (Fig. 1).

There was no difference in age and gender between those

who responded to our questionnaire and those who did not

(Table 1). For the 756 patients included in the final analysis,

the median age of diagnosis was 7 (range: 4–10) years, and

38.4% were males. At cohort registration in 1995 or 2000, the

median age was 13 (9–16) years, and we measured HbA1c

every 4 months for 6 (4–7) years. Median HbA1c during the

observational period was 8.2 (7.6–9.0) %. At the time of the

questionnaire survey in 2010 or 2011, the median age and

diabetes duration were 27 (23–29) years and 18 (15–21)

years, respectively. Median HbA1c in 2010 or 2011 was 7.5

(6.7–8.4) %. Among these patients, 34 had undergone laser

photocoagulation, 3 had developed blindness, and 57 had

developed albuminuria.

Influence of HbA1c on the cumulative incidence

of laser photocoagulation

To evaluate the influence of past blood glucose control, we

divided the patients into three groups according to the

value of HbA1c: HbA1c\7.5%, 7.5% B HbA1c\9%, and

HbA1c C 9%. None of the 152 patients with a median

HbA1c during the observational period of \7.5% under-

went laser photocoagulation. Both the median HbA1c

during the observational period and the median HbA1c in

2010 or 2011 significantly influenced the cumulative need

for laser photocoagulation (Fig. 2a, b). The median HbA1c

during the observational period and the median HbA1c in

2010 or 2011 were significantly higher in patients who had

undergone photocoagulation therapy than in patients who

had not (Table 2).

Influence of gender on the cumulative incidence

of laser photocoagulation

Four of the 290 males (1.4%) and 30 of the 466 females

(6.4%) underwent laser photocoagulation. The cumulative

incidence of laser photocoagulation was significantly

higher in females than males (p\ 0.0001) (Fig. 1c). Age,

duration of diabetes, and age at diabetes onset did not differ

significantly between genders. However, the median HbA1c

during the observational period was significantly higher in

females than in males (8.3 (7.7–9.2) % vs. 8.0 (7.4–8.8) %,

respectively; p = 0.0001).

Influence of age at diabetes onset on cumulative

incidence of laser photocoagulation

Since the median age at diabetes onset was 7 years, we

divided patients into two groups according to the age at

diabetes onset: those diagnosed at age C7 years and those

diagnosed at \7 years. Cumulative performance rates of

laser photocoagulation were significantly higher among

patients diagnosed with type 1 diabetes at 7 years or older

compared with those diagnosed at younger than 7 years

1995 Cohort 
710 pa�ents with childhood-onset 
T1D born between 1982 and 1999.  
HbA1c measured every 4 months 
 from July 2000 to February 2008 

2000 Cohort 

Ques�onnaire in 2010 Ques�onnaire in 2011 

Did not respond 
N=276 

Responded 
N=356  

N=108 N=248 N=412 

Insufficient data N=12 

N=756 

546 pa�ents with childhood-onset 
T1D born between 1977 to 1988.  
HbA1c measured every 4 months 
 from July 1995 to October 1999 

Did not respond 
N=190 

Responded 
N=520 

Fig. 1 Flow diagram of the

patients who participated in this

study
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(p\ 0.05) (Fig. 2d). The clinical characteristics of patients

diagnosed at younger than 7 years vs. 7 years or older were

as follows: duration of diabetes: 20 (16–23) years vs. 17

(15–19) years, respectively (p\ 0.0001); HbA1c during the

observational period: 8.2 (7.7–9.0) % vs. 8.1 (7.5–9.1) %,

respectively (p = 0.513).

Risk for severe retinopathy requiring laser

photocoagulation

Based on a Cox proportional hazards model, the risk for

severe retinopathy requiring laser photocoagulation sig-

nificantly increased by 1.15 (95% confidence interval [CI]

Table 1 Characteristics of the

study participants and

nonparticipants

Participants Nonparticipants p

N = 756 N = 359

Gender (male/female) 290/466 156/203 ns.*

Age at onset of diabetes (years) 7 (4–10) 7 (4–11) ns.**

Cohort registration in 1995 or 2000

Age (years) 13 (9–16) 13 (10–16) ns.**

Median observational period in years 6.1 (4.0–7.3)

Median HbA1c during observational period (%) 8.2 (7.6–9.0)

Questionnaire survey in 2010 or 2011

Age in years 27 (23–29)

Diabetes duration in years 18 (15–21)

Median HbA1c in 2010 or 2011, in % 7.5 (6.7–8.4)

Median (interquartile range) values are generally shown in the table

* Comparison with participants using the chi-squared test

** Comparison with participants using the Mann–Whitney test

b Median HbA1c  in 
2010 or 2011

>9.0%

7.5-8.9%

<7.5%

Log-rank test 
p<0.0001

Log-rank test 
p<0.0001
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7 years old
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7 years old

Dura�on of diabetes (years)

Fig. 2 Charts showing the

cumulative incidence of

photocoagulation therapy as a

function of duration of diabetes.

a Comparison of patients with

different median HbA1c values

during the observational period.

b Comparison of patients with

different median HbA1c values

during 2010 or 2011.

c Comparison of male and

female patients. d Comparison

of patients based on age at

diagnosis (younger or older than

7 years). The data were

obtained by the Kaplan–Meier

method
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1.03–1.29, p = 0.012) with each increase of a year in the

age at onset, by 4.03 (95% CI 1.20–13.5, p = 0.024 in

females, and by 2.05 (95% CI 1.69–2.49, p = 0.0005) with

each 1% increase in HbA1c during the observational period

(Table 3).

Risks for microalbuminuria and macroalbuminuria

Information on albuminuria was available for 605 patients.

The median HbA1c was significantly higher in patients who

developed albuminuria than in those who developed

microalbuminuria or had normoalbuminuria (Table 4). The

risk for albuminuria significantly increased by 2.38 (95%

CI 1.93–2.97, p\ 0.0001) with a 1% increase in HbA1c

during the observational period, and by 1.09 (95% CI

1.01–1.18, p = 0.025) with each increase of a year in the

age at onset (Table 5).

Discussion

In this multicenter observational study of Japanese children

with type 1 diabetes, past hyperglycemia (as assessed via

the median HbA1c) and older age at onset of diabetes

significantly increased the risks for severe retinopathy

requiring photocoagulation and the development of albu-

minuria. No patients who had HbA1c \ 7.5% during the

observational period developed severe retinopathy requir-

ing photocoagulation therapy. On the other hand, female

gender was a strong risk factor for severe retinopathy

requiring photocoagulation, but not for albuminuria. The

HbA1c during the observational period was significantly

higher in females than in males. Thus, there was a

prominent gender difference, but the reason for this is

unclear.

Poor blood glucose control in adolescent female patients

with type 1 diabetes was reported by the Hvidore study

group [12] and others [13]. Yokoyama et al. reported that

female gender was associated with the development of

proliferative diabetic retinopathy in Japanese patients with

type 1 diabetes [14, 15]. In females, insulin sensitivity

periodically changes due to the menstrual cycle [16]. This

phenomenon may make it more difficult for females to

control blood glucose levels and could worsen retinopathy.

However, we did not track how the blood glucose level

changed during the menstrual cycle and thus cannot con-

firm the reasons for the gender differences observed in our

study.

In contrast to our study, a Danish study reported that the

two-step progression of retinopathy was more closely

associated with the male gender [17]. Some studies have

reported an influence of gender on nephropathy, with males

showing a higher complication rate [18, 19]. In adoles-

cents, female gender was shown to increase the risk of

microalbuminuria, while adult males were shown to be at a

higher risk of developing advanced nephropathy than adult

females.

In this study, higher age at onset of type 1 diabetes was

an independent risk factor for both severe retinopathy

requiring photocoagulation and the development of albu-

minuria. The cumulative use of laser photocoagulation was

significantly higher in patients diagnosed with diabetes at

Table 2 Comparison of clinical

characteristics between patients

who did and those who did not

undergo photocoagulation

therapy

Variable PC (?) PC (-) p

n 34 722

Gender (male/female) 4/30 286/436 \0.001*

Age at onset (years) 8 (6–11) 7 (4–10) 0.33**

Median HbA1c during the observational period (%) 10.5 (9.5–11.8) 8.1 (7.6-9.0) \0.0001**

Age in 2010 or 2011 (years) 29 (26–31) 27 (23–29)

Duration of diabetes in 2010 or 2011 (years) 21 (17–24) 18 (15–21) \0.001**

Median HbA1c in 2010 or 2011 (%) 8.4 (7.7–9.6) 7.4 (6.7–8.3) \0.0001**

Median (interquartile range)

PC photocoagulation therapy

** Comparison with participants using the Kruskal–Wallis test

Table 3 Analysis of the risk

factors for severe retinopathy

requiring laser photocoagulation

using multivariate Cox

proportional hazards models

Variable Hazard ratio (95% CI) p value

Older age at onset 1.15 (1.03–1.29) (per year) 0.012

Female gender 4.03 (1.20–13.5) 0.024

Higher median HbA1c during the observational period 2.05 (1.69–2.49) (per %) \0.0001

Laser photocoagulation was analyzed as a time-dependent covariant
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age 7 years or older compared with those diagnosed at

\7 years old. The mean age of the former group was 10

(9–12) years, and patients with pubertal onset type 1 dia-

betes were included in this group. Some studies have

reported that microvascular complications are worse for

patients with pubertal onset type 1 diabetes than for those

with prepubertal onset type 1 diabetes [20–22]. In Japan,

pubertal onset patients were found to be at higher risk for

developing blindness and for requiring renal replacement

therapy [23]. However, there are no data on glycemic

control, so a large-scale longitudinal prospective study is

needed to fully investigate the differences in risk between

prepubertal and pubertal onset patients.

Adolescence is the transitional phase of development

between childhood and adulthood that incorporates the

biological and psychosocial changes associated with pub-

erty [24]. Young people with pubertal onset type 1 diabetes

may face greater psychological distress and adjustment

difficulties compared with those with prepubertal onset

type 1 diabetes. When psychological adjustment problems

persist into late adolescence, there is evidence of a greater

risk of poor diabetes management during early adulthood

[25, 26]. In addition, insulin resistance during puberty leads

to poor metabolic control [27]. In this study, glycemic

control did not differ significantly between those diagnosed

at age C7 years and those diagnosed at age\7 years, and

most of the patients were diagnosed before the age of

pubertal onset.

This study has several limitations. First, we were only

able to collect data on 61.1% of the subjects in this cohort.

Second, the information evaluated in this study was limited

to the use of photocoagulation and the presence of albu-

minuria. We did not determine the stage of retinopathy, the

type of laser photocoagulation therapy used, or whether

vitreous surgery had been performed. Third, we did not

collect enough baseline information on the risk factors for

microvascular complications, such as hypertension, dys-

lipidemia, smoking, and so on. Finally, obtaining HbA1c

readings every 4 months for a period of 6 years was

insufficient to allow the relationship between blood glucose

control and microvascular complications to be determined

[28].

In conclusion, diabetes care must continue to focus on

long-term metabolic control, and it is desirable to follow

females and patients with later-onset type 1 diabetes

carefully.
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