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Abstract

Background

Recently, anthropometric indices in children with type 1 diabetes mellitus (T1DM) have

begun to change.

Objective

To examine secular trends in patients’ anthropometric indices.

Subjects

Japanese children with T1DM from the 1995, 2000, 2008 and 2013 cohorts of The Japanese

Study Group of Insulin Therapy for Childhood and Adolescent Diabetes.

Methods

We analysed serum haemoglobin A1c (HbA1c) levels, the incidence of severe hypoglycae-

mic events, the types and doses of insulin, height standard deviation scores (SDS), body

mass index (BMI) percentiles compared with healthy Japanese children and obesity preva-

lence over time. We also stratified the patients according to glycaemic control levels of <58

mmol/mol (optimal), 58–75 mmol/mol (suboptimal) and�75 mmol/mol (high-risk).

Results

Data for 513–978 patients from each of the cohorts were analysed. The incidence of severe

hypoglycaemic events decreased over time (from 21 to 4.8/100 patient-years), while the
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proportion of insulin analogue doses increased (14.6% to 98.6%). In addition, patient height

SDS (−0.22 to +0.17), BMI percentile (52.1 to 58.7) and obesity prevalence (2.1% to 5.1%)

increased. Height SDS increased in all of the glycaemic control subgroups, while BMI per-

centile and obesity prevalence increased in the suboptimal and high-risk groups.

Conclusions

Since 1995, the average height of children with T1DM has increased in parallel with increas-

ing insulin doses. Clinicians should be aware of increased BMI in these patients and the

associated risk of developing cardiovascular disease in the future.

Introduction

Recently, clinicians have noticed improvements in glycaemic control in patients with type 1

diabetes mellitus (T1DM). We previously reported a secular trend in glycaemic control

improvement in Japanese patients [1]. Although glycaemic control varies among countries,

age groups and patients [2], recent studies have reported a decreased mean haemoglobin A1c

(HbA1c) level in Japanese patients with T1DM of between 7.7% and 8.2% [1, 3, 4]. The 2007

International Society for Pediatric and Adolescent Diabetes (ISPAD) consensus guidelines

management objectives indicated that unless there was severe hypoglycaemia and repeated

hypoglycaemia, the target HbA1c for all children under the age of 18 was< 7.5% [5]. The Japa-

nese Society for Pediatric Endocrinology (JSPE) translated these guidelines into Japanese in

2008 [6]. The JSPE and the Japan Diabetes Society (JDS) recommended an HbA1c levels

of< 7.5% for optimal glycaemic control since 2011, consistent with the ISPAD recommenda-

tions [7]. The Japanese Study Group of Insulin Therapy for Childhood and Adolescent Diabe-

tes (JSGIT) uses this target in Japanese children and adolescents with T1DM.

Given these new, lower target HbA1c levels, the major focus of T1DM treatment has shifted

from decreasing the incidence of serum hypoglycaemic levels to preventing diabetic complica-

tions. These complications include hypoglycaemia, vascular complications and obesity [8].

Disrupted growth and maturation are also critical complications for paediatric patients. Given

the improvement in glycaemic control over time, paediatric diabetologists should be aware of

secular changes in the growth and maturation of their patients.

In 2010, researchers in the USA reported temporal patterns in overweight and obesity in

adult patients with T1DM, and suggested that the prevalence of overweight was increasing in

this population [9]. However, little information is available regarding anthropometric mea-

surements in paediatric patients, and, in particular, in Japanese paediatric patients with

T1DM. In this study, we analysed changes in height and body mass index (BMI) of cohorts of

Japanese paediatric patients with T1DM. We also assessed changes in the prevalence of over-

weight and obesity, which could increase the risk of future cardiovascular complications.

Materials and methods

Participants

Data for paediatric patients with T1DM were obtained from the JSGIT cohorts [1, 10]. The

JSGIT is the only multi-institutional joint research group in Japan, and the group was estab-

lished in 1995 for patients with childhood-onset type 1 diabetes [10]. The first cohort study

began in 1995 and was designed to improve the treatment and glycaemic control of diabetic
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children in Japan. The number of participating institutions and registered patients is increas-

ing cohort by cohort. The current study was a cross-sectional study performed using data from

the entry year for the four cohort studies. We analysed patients’ baseline data from cohorts

recruited in 1995, 2000, 2008 and 2013, and we excluded data from patients who had T1DM

for less than 6 months. Patients were diagnosed with T1DM by their paediatricians according

to the criteria established by the JDS and the American Diabetes Association [11, 12]. Partici-

pants’ clinical characteristic are shown in Table 1.

Anthropometric indices

We recorded the height, weight and HbA1c levels for all of the patients, and we analysed data

collected between July and October for each cohort. BMI was calculated as weight in kilograms

divided by the square of the height in metres. We defined overweight and obesity as BMI in

the 85th–94th percentile and BMI� 95th percentile [13], respectively, according to the 2000

JSPE data for each age and sex [14]. We also evaluated BMI standard deviation scores (SDSs)

and height SDSs to compare the data from patients across all age groups [15]. SDS values for

controls were calculated using data from healthy Japanese children recorded in the National

Survey in 2000 [16].

Other parameters

According to the ISPAD guidelines [17], we categorised patients into three groups according

to their level of glycaemic control as follows: optimal: < 58 mmol/mol using Independent Fed-

eral Constitution Commission units (IFCC) (< 7.5% in the National Glycohemoglobin Stan-

dardization Program (NGSP) guidelines); suboptimal: 58–75 mmol/mol (7.5%–9.0%); and

high-risk:� 75 mmol/mol (� 9.0%). We also recorded the incidence of severe hypoglycaemic

events, as well as the types and doses of insulin formulations used. Severe hypoglycaemia was

defined as an event associated with severe cognitive impairment, including coma and convul-

sions, requiring external assistance by another person [18]. We categorised patients into four

age groups; 5–6-year-old group, 10–11-year-old group, 12–13-year-old group and 15–16-year-

old group, according to sex. Pubertal stage was classified as follows: in boys, the 5–6-year-old

and 10–11-year-old groups indicated the pre-pubertal stage; the 12–13-year-old group indi-

cated the early pubertal stage and the 15–16-year-old group indicted the middle to the end of

the pubertal stage. In girls, the 5–6-year-old group indicated the pre-pubertal stage; the 10–

11-year-old group indicated the early pubertal stage; the 12–13-year-old group indicated the

middle pubertal stage and the 15–16-year-old group indicated the end of the pubertal stage

[19].

Table 1. Participants’ characteristics.

1995 2000 2008 2013 P-value for the trend�

Number of Institutions 37 51 64 68

Number of participants (% boys) 513 (41.7) 685 (37.4) 734 (39.9) 978 (41.3) <0.001(0.632)

Age, years 13.4 (2.9) 13.1 (3.7) 12.4 (3.6) 11.9 (3.6) <0.001

Age at onset, years 7.2 (3.7) 7.1 (3.8) 6.6 (3.7) 6.7 (3.7) <0.001

Duration of diabetes, years 6.2 (3.5) 5.9 (3.5) 5.8 (3.5) 5.1 (3.6) <0.001

The data are presented as mean (standard deviation) or number (%).

�P-values for the trends as determined by Cochran–Armitage or Jonckheere–Terpstra tests.

https://doi.org/10.1371/journal.pone.0242259.t001
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Statistical analysis

We described glycaemic control, the incidence of severe hypoglycaemic events, types and

doses of insulin, the proportion of patients using bolus insulin at tea-time, height SDSs, BMI

and percentile and the incidence of obesity and overweight over time. We also analysed secular

change in these indices over time according to glycaemic control groups. Secular change in

height SDSs and BMI percentile among boys and girls were analysed over time according to

the four age groups: 5–6-year-old group, 10–11-year-old group, 12–13-year-old group and 15–

16-year-old group.

We used the Mann–Whitney U test to compare skewed data and the chi-square test to com-

pare categorical data. We statistically evaluated secular trends by the Jonckheere–Terpstra test

for continuous variables and the Cochran–Armitage test for categorical variables. We reported

descriptive statistics as means and standard deviations (SDs). Two-sided probability values less

than 0.05 were considered statistically significant. All statistical tests and descriptive analyses

were performed using JMP software (version 13.0; SAS Institute Inc., Cary, NC, USA) and

SAS statistical software (version 9.3; SAS Institute Inc., Cary, NC, USA).

Ethics approval statement

This study was approved by the institutional review boards of the ethics committee of Saitama

Medical University (no: 12–077) and School of Medicine, University of Yamanashi (no: 1817),

and the study was conducted in accordance with the provisions of the Declaration of Helsinki.

Written consent was obtained from all patients or their caregivers.

Results

In total, 513, 685, 734 and 978 patients from 1995, 2000, 2008 and 2013, respectively, were

included in the study. The percentage of boys in these cohorts was 41.7%, 37.4%, 39.9% and

41.3%, respectively, and the mean disease duration at baseline was 5–6 years (Tables 1 and 2).

Table 2 shows the mean HbA1c levels, dose and type of insulin, incidence of severe hypogly-

caemic events, SDSs for height and BMI, BMI percentile and prevalence of obesity in the

patients with T1DM selected for inclusion (Fig 1). Over time, there were statistically significant

decreases in HbA1c levels and the incidence of severe hypoglycaemic events and statistically

significant increases in the proportion of patients who took bolus insulin at tea-time, as well as

in height SDSs, BMI SDSs and the prevalence of overweight and obesity.

Table 3 and Fig 2 show the secular changes in the means of height SDS, BMI percentile and

the prevalence of obesity compared with the glycaemic control group. In all glycaemic control

groups, height SDSs showed an increasing trend over time. In the suboptimal and high-risk

glycaemic control groups, the BMI percentile and prevalence of obesity showed increasing

trends. Total daily insulin dose showed an increasing trend in the order of high-risk control

group, suboptimal control group and optimal control group (Fig 2). Height SDSs, BMI percen-

tile and proportion of obesity between T1DM with or without using bolus insulin at tea-time

did not differ significantly (−0.20 (1.23) vs. −0.42 (1.80), 58.1 (25.8) vs. 58.3 (24.5) and 0.0% vs.

1.8% in 2000; 0.04 (1.07) vs. 0.06 (1.09), 58.6 (25.8) vs. 56.5 (26.7) and 18.4% vs. 20.1% in 2008;

0.17 (1.07) vs. 0.17 (0.89), 59.2 (26.3) vs. 57.4 (25.5) and 28.0% vs. 26.5% in 2013, respectively).

The proportions of girls were higher in each cohort, but there were no significant differ-

ences between the cohorts. A dominant proportion of girls in a cohort is a common character-

istic in Japanese patients with T1DM [1].

According to the age groups, height SDSs and BMI percentile showed significant increasing

trends in the 15–16-year-old group (P = 0.0003 and P = 0.014 in boys and P<0.0001 and

P = 0.0055 in girls, respectively) (Fig 3).
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Discussion

Our data suggest that height SDSs, BMI percentile and the prevalence of obesity have increased

in Japanese paediatric patients with T1DM from 1995 to 2013. The height SDSs of these

patients are currently similar to those of healthy Japanese children. These trends were accom-

panied by an increase in the use of insulin analogues and the use of bolus insulin at tea-time. A

trend toward increased BMI percentile and obesity prevalence was observed in the suboptimal

and high-risk glycaemic control groups.

Paediatric patients with T1DM have been reported to be shorter than healthy children even

after initiating insulin therapy, and this phenomenon is particularly pronounced in patients

with poor glycaemic control [20, 21]. In patients with T1DM, peripheral insulin administra-

tion results in lower levels of portal insulin, which leads to higher concentrations of growth

hormone binding proteins (GHBPs) than in healthy individuals [22]. Higher levels of GHBPs,

in turn, lower free insulin-like growth hormone-1 (IGF-1) concentrations [22]. Thus, the

impaired growth seen in children with T1DM may be due to low portal insulin levels [22]. In

our study, we observed increased height SDSs over time in all of the cohorts, as shown in

Table 2. This suggests that, especially in the high-risk glycaemic control group, height can be

increased by peripherally administering larger doses of insulin, which lead to higher levels of

portal insulin.

Comparison of the trends in the cohorts with those in the general

population

The proportion of overweight children (weight > 20% over the standard weight adjusted for

sex and height) in the Japanese general population increased from 1995 to 2003, but did not

Table 2. Secular changes in height SDSs and the prevalence of overweight and obesity in Japanese children with type 1 diabetes mellitus.

Cohort 1995 2000 2008 2013 P-value for the trend�

Number, (% male) 513 (41.7) 685 (37.4) 734 (39.9) 978 (41.3)

HbA1c, % (SD) 9.4 (2.0) 8.4 (1.6) 7.8 (1.1) 8.0 (1.2) <0.001

HbA1c, mmol/mol (SD) 78.9 (22.4) 68.3 (18.0) 61.4 (12.5) 64.1 (13.3) <0.001

Incidence of severe hypoglycaemic events per 100 patient-years (95% CI) No data 21.0 (8.5–33.6) 7.4 (3.1–11.6) 4.8 (3.2–6.3) <0.001

Proportion of patients using insulin analogues, % 0 14.6 94.7 98.6 <0.001

As bolus, % 0 14.6 88.6 87.2 <0.001

As basal, % 0 0 94.7 96.5 <0.001

Proportion of patients using bolus insulin at tea-time, % No data 1.72 19.7 26.3 <0.001

Total daily insulin dose, units/kg/day (SD) 1.01 (0.32) 1.08 (0.35)† 1.09 (0.33)‡ 1.02 (0.37) 0.992

Height SDS, mean (SD) −0.22 (1.07) −0.21 (1.24) +0.04 (1.08) +0.17 (1.02) <0.001

BMI >85th percentile, (%) 59 (11.50) 114 (16.64) 136 (18.53) 196 (20.04) <0.001

BMI percentile, mean (SD) 52.1 (25.3) 58.1 (25.8) 58.2 (26.0) 58.7 (26.1) <0.001

BMI SDS, mean (SD) +0.02 (1.18) +0.21 (1.02) +0.25 (0.93) +0.28 (0.90) <0.001

Obese (%) 11 (2.14) 25 (3.65) 48 (5.18) 50 (5.11) 0.004

Overweight (%) 48 (9.36) 89 (12.99) 98 (13.35) 146 (14.93) 0.005

The data are presented as mean (SD) or number (%).

�P-values for the trends as determined by the Cochran–Armitage or Jonckheere–Terpstra tests using data from 1995 to 2013.
†P = 0.001
‡P<0.001 vs. 1995 as determined by the Mann–Whitney U test.

SD, standard deviation; 95% CI, 95% confidence interval; BMI, body mass index; SDS, standard deviation score; obese, BMI�95th percentile; overweight, BMI in the

85th–94th percentile; 0, no patients used insulin analogues or insulin analogues as a bolus or as basal therapy.

https://doi.org/10.1371/journal.pone.0242259.t002
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change from 2003 to 2013 [23]. The proportion of overweight and obese children with T1DM

in this study’s cohorts increased. The difference in the proportion of obesity from 2008 to 2013

might be associated with having diabetes.

Fig 1. Prevalence of obesity and overweight in each cohort. The black bars indicate the prevalence of obesity (� 95th BMI percentile), and the white bars indicate

overweight (85th–95th BMI percentile).

https://doi.org/10.1371/journal.pone.0242259.g001

Table 3. Secular changes in height SDSs and BMI percentile according to the level of glycaemic control in Japanese children with type 1 diabetes mellitus.

Cohort 1995 2000 2008 2013 P-value for the trend�

(n = 513) (n = 685) (n = 734) (n = 978)

Mean height SDS

HbA1c <58 mmol/mol (7.5%) −0.03 −0.13 +0.13 +0.03 <0.001

HbA1c 58–75 mmol/mol (7.5%–8.9%) −0.12 −0.17 +0.08 −0.08 <0.001

HbA1c�75 mmol/mol (9.0%) −0.35 −0.18 −0.32 −0.13 <0.001

Mean BMI percentile

HbA1c <58 mmol/mol (7.5%) 52.4 55.9 57.2 57.9 0.0530

HbA1c 58–75 mmol/mol (7.5%–8.9%) 53.0 59.5 59.6 60.0 0.0100

HbA1c�75 mmol/mol (9.0%) 51.8 59.5 58.3 58.4 0.0020

Proportion of obesity (%)

HbA1c <58 mmol/mol (7.5%) 2.3 3.8 4.1 5.3 0.110

HbA1c 58–75 mmol/mol (7.5%–8.9%) 1.7 2.8 5.1 4.4 0.011

HbA1c�75 mmol/mol (9.0%) 2.7 4.9 9.6 7.0 0.021

�P-value for the trend as determined by the Cochran–Armitage or Jonckheere–Terpstra tests.

HbA1c, haemoglobin A1c; BMI, body mass index; SDS, standard deviation score; obesity, BMI�95th percentile.

https://doi.org/10.1371/journal.pone.0242259.t003
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Considering puberty, the onset of puberty among Japanese children advanced from 1950 to

2010, but stabilised by 1970 [19]. Height SDSs, BMI percentile and the proportion of overweight

and obese children with T1DM could not be evaluated using Japanese data for the year 2000.

Height SDSs and BMI percentile showed a significant increasing trend in the 15–16-year-

old group for both boys and girls in the cohorts, which reflect increased height SDSs and BMI

percentiles at the end of the pubertal stage.

Shift to analogue insulins and increased total daily dose

The proportion of obese patients increased in the suboptimal and high-risk glycaemic control

groups over time. Previous studies also reported an increase in BMI in paediatric patients with

T1DM compared with healthy children [9]. The increased use of insulin analogues, and a shift

from NPH insulin to long-acting insulin and from regular insulin to rapid-acting insulin ana-

logues, which is associated with a decreased risk of hypoglycaemic events, may account for the

increase in BMI that we observed in our study [24]. Although data regarding dietary intake

were not available for the cohorts analysed in our study, we suspect that the high proportion of

obesity observed in the suboptimal and high-risk glycaemic control groups may be due to

excessive food intake and inappropriate insulin administration. Increased body fat in these

Fig 2. Secular changes in total daily insulin dose, proportion of obesity, height SDSs and BMI percentile according to the level of glycaemic control in Japanese

children with type 1 diabetes mellitus. a) Mean total daily insulin dose (units/kg/day), b) Prevalence of obesity (%), c) Mean height SDS and d) Mean BMI percentile.

The black lines and bars indicate the optimal control group, the grey lines and bars indicate the sub-optimal control group and the broken lines and dotted bars indicate

the high-risk control group. BMI, body mass index; SDS, standard deviation score.

https://doi.org/10.1371/journal.pone.0242259.g002
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children could increase their risk of cardiovascular disease in the future, and obesity in patients

with T1DM increases their risk of developing metabolic syndrome and microvascular compli-

cations [25, 26]; therefore, paediatricians need to pay attention to obesity risk in patients

receiving insulin therapy.

The spread of analogue insulins may influence improved glycaemic control, reducing

severe hypoglycaemia and improving anthropometric indices. However, in 2008 and 2013,

almost all patients used analogue insulins, so the effects of these insulins could not be evaluated

individually. Analogue insulin therapy was introduced in Japan in 2000, and increased

patients’ dietary options [27]. The JSGIT intensively introduced basal bolus insulin therapy for

patients with T1DM in 1993 [10]. In Japan, rapid-acting insulin analogues were introduced in

2000, and long-acting insulin analogues were introduced in 2003. Furthermore, the pharmaco-

kinetics of insulin analogues were suitable for basal bolus therapy in childhood patients.

Rapid-acting insulin analogue (e.g., lispro) blood concentrations rise sharply and drop precipi-

tously [28] without increasing the risk of severe hypoglycaemic events [29]. The long-acting

insulin analogues (e.g., glargine and detemir) enable diabetic patients to maintain peak-less

basal insulin levels with fewer hypoglycaemic episodes [30, 31]. Combining glargine and dete-

mir also enables patients to receive insulin while eating snacks. Although we did not assess

patients’ diets in our study, the increase that we observed in the use of bolus insulin at tea-time

might suggest that a subset of the patients had excess caloric intake. In this study, although

Fig 3. Secular changes in height SDSs and BMI percentile in the four age groups. a) Mean height SDS in boys, b) Mean BMI percentile in boys, c) Mean height SDSs

in girls and d) Mean BMI percentile in girls. SDS, standard deviation score; n.s., not significant; BMI, body mass index; P-value for the trend as determined by the

Jonckheere–Terpstra test. a, P = 0.0499; b, P = 0.0003; c, P = 0.014; d, P<0.0001, e, P = 0.0055.

https://doi.org/10.1371/journal.pone.0242259.g003
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there was no information regarding the time of onset of severe hypoglycaemia, previous stud-

ies stated that hypoglycaemia in children occurred mostly as nocturnal hypoglycaemia, and

that this was more common at a younger age [32, 33]. In addition, the incidence of severe

hypoglycaemia has been reduced by continuous subcutaneous insulin infusion (CSII) therapy

[34]. As in our study, Yamamoto et al reported that the use of CSII increased in all age groups,

especially in the 0–5-year age group [35]. This might be due to a decrease in nocturnal hypo-

glycaemia because of the increased use of CSII in younger children and the shift from conven-

tional insulin to insulin analogues. It is possible that positive attitudes towards treatment,

including insulin therapy, progressed because of a reduced fear of hypoglycaemia.

Anthropometric indices between T1DM with or without using bolus insulin at tea-time did

not differ significantly. This lack of difference might be because data for bolus insulin at tea-

time indicated only whether this occurred; no data were available for consistency of use and

frequency during the day and dose.

There are limitations to this study. First, we were unable to track the outcomes of individual

children longitudinally; however, we were able to identify secular trends in height SDSs, BMI

percentile and the prevalence of obesity in the sample population. Furthermore, determining

BMI percentiles enabled us to evaluate overall secular trends in addition to age-specific

changes. Because T1DM is rare in Japan, it was difficult to compare increasing or decreasing

trends in obesity with healthy children by age group. Second, we analysed data collected only

during the summer; however, this approach enabled us to eliminate seasonal influences on the

outcomes [36–38]. Third, we were unable to assess the influence of puberty on patient out-

comes. The onset of puberty was not assessed because we had no data to evaluate. However,

height SDSs and BMI percentile indices were based on data for Japanese children with no

information on the onset of puberty, and the indices included variations in the onset of

puberty within the group. Therefore, these indices could be used without considering the eval-

uation of individual adolescence levels. Fourth, the possibility of selection bias cannot be ruled

out. The number of participants increased, as did the number of institutes, over the course of

the study period. Additionally, age and the duration of diabetes in the participants differed

between the four cohorts. This may have contributed to the difference in age and duration of

diabetes indicated found in participants in 1995 who were older than 6 years of age, to avoid

including patients with monogenic diabetes [10]. As the original institutes involved in the

1995 cohort were the core centres for paediatric diabetes, it might be undeniable that partici-

pants in those institutes were more difficult cases.

Our results suggest that the increased use of insulin analogues has reduced the risk of severe

hypoglycaemic events and improved glycaemic control. However, the use of these insulins

may also have resulted in excess food intake. Patients with T1DM, as well as type 2 diabetes,

need to be educated about appropriate caloric intake, nutritional composition and BMI.

Conclusions

Japanese paediatric patients with T1DM exhibited increasing trends in height SDSs and BMI per-

centile from 1995 to 2013. These results could be due to improvements in patients’ conditions

because of the availability of new treatment options. While glycaemic control has improved and

the incidence of severe hypoglycaemia has decreased, the proportion of obesity has increased.
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