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Abstract
Objective  To evaluate the safety and effectiveness of metformin monotherapy for 52 weeks, including 24 weeks of treatment 
and a 28-week extension period for evaluation of long-term safety, in 37 Japanese pediatric patients with type 2 diabetes 
mellitus.
Research design and methods  This study design was an open-label, non-randomized, multicenter trial. The primary effec-
tiveness endpoint was the changes from baseline to the final visit at 24 weeks in HbA1c. The secondary endpoints were the 
rate for achieving the treatment goal, and the changes in glycated albumin, fasting blood glucose, fasting insulin, HOMA-IR, 
and fasting serum lipids. Metformin was administrated at the dose of 500 mg/day up to a maximum of 2000 mg/day taken 
in two or three divided doses.
Results  The mean change of HbA1c at the final visit at 24 weeks for 20 metformin-naïve patients (Group A) was 
− 0.66 ± 0.95% and that of 17 already-on metformin patients (Group B) was − 0.98 ± 1.62%. These figures proved the effec-
tiveness of metformin as defined before the study. Secondary effectiveness endpoints were also improved. The improvement 
of blood glucose, fasting insulin and serum lipid levels proved the effectiveness of metformin without increasing body weight. 
Adverse effects such as nausea and diarrhea were observed in 35 of the 37 subjects and drug-related adverse events were 
observed in 19 patients. However, these events were not serious and did not increase with long-term treatment.
Conclusions  Metformin is safe and effective for Japanese pediatric patients with T2DM.
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ADRs	� Adverse drug reactions
M/F	� Male/female

Introduction

The incidences of obesity and type 2 diabetes mellitus 
(T2DM) have been increasing globally due to changes in 
lifestyles, decreased physical activity, and increased stress 
in children and adolescents [1–3]. Moreover, the long-term 
prognosis of T2DM is not satisfactory compared with type 
1 diabetes mellitus (T1DM) [4]. Youth onset T2DM carries 
a higher risk of progressive diabetic kidney disease than 
adult-onset T2DM [5] and involves hypertension and hyper-
lipidemia, as well as health risk behaviors [3, 6].

The first choice for treatment of T2DM is thought to be 
metformin [7–9]. Clinical trials performed in the USA [10] 
and Europe [11] that proved the effectiveness and safety of 
metformin in children and adolescents with T2DM were 
reported previously. Metformin therapy has beneficial treat-
ment effects for reduction of the body mass index standard 
deviation score (BMI-SDS) and fasting glucose, improves 
insulin sensitivity, and reduces the risk of T2DM in obese 
children and adolescents [12]. According to the clinical 
practice guidelines from the American Academy of Pedi-
atrics, and the International Society for Pediatric and Ado-
lescent Diabetes (ISPAD) clinical practice consensus guide-
lines 2009 and 2014, insulin or metformin is the preferred 
first-line treatment for children and adolescents with T2DM, 
together with lifestyle modification and education [7–9].

Before the present clinical trial, we conducted a clinical 
study for the first time in Japan for the purpose of evaluat-
ing the efficacy and safety of metformin monotherapy for 
Japanese pediatric patients with T2DM from September 
2004 through June 2006, supported by Ministry of Health, 
Labor and Welfare Research grants for clinical research on 
pediatric disease [13]. In that study, a total of 47 patients 
with T2DM (aged from 10 years to less than 20 years, M/F 
21/26) were enrolled and administrated either 750 mg/day 
or 1500 mg/day of metformin for 24 weeks. The primary 
objective was the effectiveness of metformin, comparing the 
baseline hemoglobin A1c (HbA1c) value with that at the 
24-week visit. Thirty-eight patients completed the clinical 
study. Treatment was discontinued for 5 patients because of 
worsening of metabolic control and the remaining 4 patients 
discontinued for various other reasons. Before we started the 
first clinical study, we hypothesized that metformin could be 
considered to be effective when the lower limit of the two-
sided 95% confidence interval (CI) was more than 0.80. The 
primary effectiveness variable was 0.7895 (patients in whom 
metformin was effective/total patients who had completed 
the study protocol) which did not satisfy the hypothesized 
criterion for effectiveness, and metformin was judged to have 

no effectiveness for Japanese pediatric patients even though 
it showed a tendency to be effective in the first study [13]. 
However, the 24:0 week ratio of HbA1c was 0.938 ± 0.148 
and the 95% CI of the 24:0 week ratio of HbA1c ranged from 
0.890 to 0.988, which showed improvement between 0 and 
24 weeks [13].

We conducted the second study for the purpose of evalu-
ating the additional effectiveness and safety in the case of 
long-term metformin use for Japanese pediatric T2DM 
patients.

Materials and methods

Study design and methods of second clinical trial

The second clinical trial, supported by Sumitomo Dainippon 
Pharma Co., Ltd., was performed from May 2011 through 
March 2014. The multicenter, open-label, uncontrolled study 
was conducted at 21 sites across Japan, in compliance with 
the Ministerial Ordinance on Good Clinical Practice for 
Drugs (GCP) and other relevant notifications. The clinical 
trial examined whether doses from 500 mg/day up to a maxi-
mum of 2000 mg/day of metformin could be used for Japa-
nese pediatric patients with T2DM for 24 weeks (treatment 
phase) and examined the long-term safety up to 52 weeks 
(extended treatment phase).

Pediatric and adolescent patients with T2DM from 6 to 
17 years old were enrolled in the following 4 groups: (a) 
only stable diet–exercise therapy for more than 8 weeks 
before the trial, (b) sulfonylurea (SU) at a fixed dose added 
to stable diet–exercise therapy for more than 12 weeks 
before the trial, (c) an α-glucosidase inhibitor (α-GI) at a 
fixed dose added to the stable diet–exercise therapy for more 
than 12 weeks before the trial, and (d) metformin at a fixed 
dose of less than 750 mg without any other anti-diabetic 
medication taken for more than 12 weeks before the trial. 
Treatment groups, a, b and c, were patients naïve for met-
formin (Group A) and treatment group d was an already-on 
metformin group (Group B).

The criteria for enrollment immediately before the trial 
followed those of the National Glycohemoglobin Stand-
ardization Program (NGSP), i.e., the HbA1c level should 
be ≥ 7.0 and < 12.1% and the percent degree of obesity 
should be > 0% by age and sex when compared to the school 
health statistics compiled by the Ministry of Education, Cul-
ture, Sports Science and Technology of Japan in 2000. The 
rate of variability in HbA1c among the 37 patients was less 
than 15%. Patients with impaired renal function (creatinine 
level at 4 weeks before enrollment ≥ 1.0 mg/dL or renal 
replacement therapy), liver dysfunction (AST [GOT] and 
ALT [GPT] levels at 4 weeks before enrollment ≥ 3 times the 
study site’s upper limit of normal), impaired cardiovascular 
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function (cardiac failure or myocardial dysfunction), or 
impaired pulmonary function (respiratory failure or chronic 
respiratory acidosis) were excluded.

In group A, metformin was taken orally, either immedi-
ately preprandially or postprandially, at a starting dose of 
500 mg/day in two or three divided doses and the dose was 
increased to 1500 mg/day stepwise. In group B, metformin 
was started at 1000 mg/day and increased in the same man-
ner. The dose could be increased up to 2000 mg/day based 
on blood glucose control and safety. In detail, metformin 
was increased 500 mg/day if the HbA1c was over 7.0% or 
GA was over 20% and the safety of trial was verified at every 
visit in both groups.

Statistics

Statistical analysis was conducted using SAS version 9.2. 
Summary statistics (e.g. mean, SD, 95% confidential inter-
val and percentage) are used to present the study results. As 
summary statistics for the primary endpoint, the results for 
each time point are provided as mean ± SD, and the change 

from baseline of each time point is provided as mean ± SD 
(95% confidential interval). Since this was a study with a 
small number of subjects, the significance level is not given 
in this study. If the two-sided 95% CI of HbA1c at the final 
visit of 24 weeks did not include zero and the point estimate 
was less than − 0.3%, the treatment was defined as “effec-
tive” for pediatric T2DM patients in this report.

Results

Patient characteristics

All 37 subjects were eligible for analysis by FAS. Among 
these, 20 were naïve for metformin treatment (14 had 
received no medication, 4 were treated with SU, and 2 were 
treated with α-GI) (group A), and the remaining 17 patients 
were already on metformin at less than 750 mg/day (group 
B) (Table 1). Thirty-one patients were under 16 years of age. 
The patients enrolled in this trial were comparable with the 
patients with T2DM in our previous study [16]. The average 

Table 1   Patients’ characteristics 
at baseline

Data are mean ± standard deviation or n (%)
BMI body mass index, HbA1c hemoglobin A1c, NGSP National Glycohemoglobin Standardization Pro-
gram, GA glycoalbumin, FPG fasting plasma glucose, IRI immunoreactive insulin, HOMA-R homeostasis 
model assessment insulin resistance

Group A Group B Total (N = 37)
Naïve patients (N = 20) Already-on patients 

(N = 17)

Male/female 7/13 4/13 11/26
Age (years) 13.7 ± 2.1 13.4 ± 1.7 13.5 ± 1.9
 < 10 1 (5.0) 0 (0.0) 1 (2.7)
 ≥ 10 to < 12 1 (5.0) 2 (11.8) 3 (8.1)
 ≥ 12 to < 14 7 (35.0) 7 (41.2) 14 (37.8)
 ≥ 14 to < 16 7 (35.0) 6 (35.3) 13 (35.1)
 ≥ 16 4 (20.0) 2 (11.8) 6 (16.2)
Diabetes duration (years) 0.9 ± 1.1 1.2 ± 1.7 1.0 ± 1.4
BMI (kg/m2) 27.69 ± 5.87 28.67 ± 4.62 28.14 ± 5.29
 < 25 7 (35.0) 3 (17.6) 10 (27.0)
 ≥ 25 13 (65.0) 14 (82.4) 27 (73.0)
Percent overweight (%) 39.00 ± 30.31 44.54 ± 23.07 41.55 ± 27.00
 < 20 6 (30.0) 2 (11.8) 8 (21.6)
 ≥ 20 14 (70.0) 15 (88.2) 29 (78.4)

HbA1c (NGSP) (%) 8.34 ± 1.61 8.64 ± 1.59 8.47 ± 1.58
 ≥ 6.05 to < 7.5 6 (30.0) 4 (23.5) 10 (27.0)
 ≥ 7.5 to < 9.0 10 (50.0) 8 (47.1) 18 (48.6)
 ≥ 9.0 4 (20.0) 5 (29.4) 9 (24.3)
GA (%) 19.68 ± 6.51 19.99 ± 4.71 19.82 ± 5.68
FPG (mg/dL) 165.5 ± 55.1 171.1 ± 51.8 168.1 ± 53.0
IRI (μU/mL) 22.264 ± 13.813 33.317 ± 51.458 27.342 ± 36.177
HOMA-IR 8.569 ± 5.718 13.602 ± 21.344 10.881 ± 15.039
eGFR(ml/min/1.73 m2) 143.14 ± 31.05 146.57 ± 33.86 144.72 ± 31.96
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weight was 69.72 (44.4–112.0) kg, the average body mass 
index (BMI) was 28.14 (19.5–40.9), and the average percent 
overweight was 41.55% (− 3.1 to 106.6%). The average dura-
tion of T2DM was 1.0 year (0–5 years). Finally, 37 patients 
were enrolled and all patients completed the clinical study 
for 52 weeks.

Primary effectiveness

The definition of effective treatment is described in the 
methods section.

As shown in Table 2, HbA1c levels (mean ± SD) in Group 
A at 0, 24, and 52 weeks were 8.34 ± 1.61%, 7.68 ± 1.80% 
and 7.97 ± 2.13%, respectively. The changes in HbA1c 
(95% CI) at the final visit at 24 weeks and at 52 weeks 
were − 0.66 ± 0.95% (− 1.11, − 0.21) and − 0.37 ± 1.09% 
(− 0.88, 0.15). The HbA1c levels (mean ± SD) in Group 
B at 0, 24, and 52 weeks were 8.64 ± 1.59%, 7.66 ± 1.38% 
and 8.07 ± 1.35%, respectively. The changes in HbA1c 

(95% CI) at the final visit at 24 weeks and at 52 weeks were 
− 0.98 ± 1.62% (− 1.81, − 0.14) and − 0.56 ± 1.19% (− 1.18, 
− 0.05). These findings proved the effectiveness and dose 
increment effect of metformin.

In the 37 patients, HbA1c (mean ± SD) levels at 0, 24 
and 52 weeks of study were 8.47 ± 1.58%, 7.67 ± 1.60% 
and 8.02 ± 1.79, respectively. The changes in HbA1c (95% 
CI) at the final visit at 24 weeks and at 52 weeks were 
− 0.81 ± 1.29% (− 1.24, − 0.37) and − 0.46 ± 1.13% (− 0.83, 
− 0.08), respectively. HbA1c at 52 weeks was elevated little 
bit than at 24 weeks.

Secondary effectiveness

The secondary effectiveness variables of 9 characteristics 
at baseline, 24 weeks and 52 weeks are shown in Table 3. 
Eight secondary efficacy values (but not HDL-Cho) showed 
decreases in the final evaluations at 24 weeks and 52 weeks 
from the baseline in Groups A and B together.

Table 2   Changes in HbA1c 
levels at the final evaluation 
(24 weeks and 52 weeks)

Data are mean ± standard deviation or (lower limited, upper limited). The final evaluation (24 weeks) was 
calculated from the final value during the treatment phase and the final evaluation (52 weeks) was calcu-
lated from the final value during the continuous treatment phase

FAS

Groups Evaluation time n HbA1c (%) Changes in HbA1c (%)

Mean (SD) Mean (SD) 95% CI

Group A At baseline 20 8.34 ± 1.61 – –
24 weeks 20 7.68 ± 1.80 − 0.66 ± 0.95 (− 1.11, − 0.21)
52 weeks 20 7.97 ± 2.13 − 0.37 ± 1.09 (− 0.88, 0.15)

Group B At baseline 17 8.64 ± 1.59 – –
24 weeks 17 7.66 ± 1.38 − 0.98 ± 1.62 (− 1.81, − 0.14)
52 weeks 17 8.07 ± 1.35 − 0.56 ± 1.19 (− 1.18, 0.05)

Total At baseline 37 8.47 ± 1.58 – –
24 weeks 37 7.67 ± 1.60 − 0.81 ± 1.29 (− 1.24, − 0.37)
52 weeks 37 8.02 ± 1.79 − 0.46 ± 1.13 (− 0.83, − 0.08)

Table 3   Secondary efficacy summarized for Groups A and B together

Data are means ± standard deviation (n) or (lower limit, upper limit)

Parameters At baseline Change from baseline at 
24 weeks

95% CI Change from baseline 
at 52 weeks

95% CI

Degree of obesity (%) 41.55 ± 27.00 (37) − 1.23 ± 6.09 (37) (− 3.26, 0.80) − 2.22 ± 5.84 (37) (− 4.17, − 0.27)
IRI (μU/mL) 27.869 ± 36.546 (36) − 10.437 ± 32.382 (35) (− 21.561, 0.687) − 9.818 ± 31.827 (36) (− 20.587, 0.950)
HOMA-R 11.120 ± 15.181 (36) − 4.961 ± 13.033 (35) (− 9.438, − 0.484) − 4.366 ± 12.877 (36) (− 8.723, − 0.009)
GA (%) 19.82 ± 5.68 (37) − 3.29 ± 3.76 (37) (− 4.55, − 2.04) − 2.35 ± 3.20 (37) (− 3.42, − 1.28)
FPG (mg/dL) 169.7 ± 52.8 (36) − 24.3 ± 42.3 (36) (− 38.6, − 9.9) − 12.0 ± 34.9 (36) (− 23.8, − 0.2)
T-Cho (mg/dL) 194.5 ± 34.0 (36) − 12.4 ± 23.2 (36) (− 20.3, − 4.6) − 7.7 ± 20.2 (36) (− 14.5, − 0.9)
TG (mg/dL) 160.6 ± 105.1 (36) − 10.2 ± 83.1 (36) (− 38.3, 17.9) − 8.4 ± 80.9 (36) (− 35.7, 19.0)
HDL-Cho (mg/dL) 48.3 ± 11.7 (36) 0.3 ± 6.5 (36) (− 1.9, 2.5) 1.1 ± 6.8 (36) (− 1.2, 3.3)
LDL-Cho (mg/dL) 126.3 ± 34.7 (36) − 97 ± 23.1 (36) (− 17.5, − 1.8) − 5.1 ± 21.2 (36) (− 12.3, 2.0)
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Adverse events (AEs) and adverse drug reactions 
(ADRs)

There were 146 AEs such as diarrhea, nausea, vomiting, 
anorexia, and abdominal pain in 35 of the 37 patients 
(94.6%) and 36 ADRs in 19 patients (19/36, 52.8%), includ-
ing serum lactic acid levels elevated to more than twofold 
the standard upper value (3.0–17.0 mg/dL), atopic dermati-
tis, etc. However, no adverse event such as hypoglycemia or 
lactic acidosis serious enough to discontinue the trial was 
observed. There was no serious AE leading to death. Dose 
reduction and interruption caused by AEs occurred for 4 
patients (10.8%) and 5 patients (13.5%), respectively. More 
gastrointestinal AEs tended to occur in Group A patients 
(13/20, 65%) during the early phase of metformin treatment 
than in those of Group B (5/17, 29.4%) but these events did 
not increase with long-term treatment. These AEs improved 
after dose reduction and interruption.

Discussion

The incidence of obese children has increased globally 
together with an increase of T2DM in children [1–3]. The 
recent guidelines from the American Academy of Pediatrics 
for newly diagnosed T2DM in children and adolescents and 
the ISPAD guidelines suggest integrating lifestyle modifica-
tion in concert with medication with either insulin or met-
formin [7–9].

These third (our first) and fourth (our second) clinical 
trials of metformin for pediatric use ever performed in the 
world again proved metformin to be safe and effective for 
children and adolescents with T2DM. The effectiveness of 
metformin in our first clinical trial was 63.8%, which was 
not lower than previously reported [10, 11]. The secondary 
endpoint of lower fasting blood glucose was also observed 
in both trials. The effectiveness of metformin was observed 
in patients who were naïve for metformin (group A) as well 
as in patients already on metformin (group B). The latter 
suggested a dose–response effect of metformin in pediat-
ric patients with T2DM. A dose–response effect has been 
observed up to 2000 mg/day in adult patients [14].

In a large cohort study of adult patients with T2DM ini-
tiating metformin monotherapy, gastrointestinal intolerance 
and increased lactic acid in the bloodstream was reported 
in roughly 23–35% of patients [15]. In a recently published 
study on metformin monotherapy in Japanese adult patients 
with T2DM, AEs were observed in 91.1% of the patients 
(154/169) and ADRs in 67.5% (114/169) [16]. These figures 
were similar to those in our first and second clinical trials 
[13].

Our study proved that it was safe to use up to 2000 mg/
day of metformin for pediatric patients, which was more than 

double the previously approved upper limit dose of 750 mg/
day, and close to the upper limit of 2250 mg/day for adult 
patients with T2DM in Japan at present [16].

Since the prevalence of type 2 diabetes in children and 
adolescents is small in comparison with that in adults, the 
number of participants was limited in this study. Further-
more, many children and adolescents with type 2 diabetes 
mellitus have some social and familial burdens, so most 
pediatricians have noted that they often have difficulty in 
adhering to therapy. Even with these limitations, large-dose 
metformin therapy for children and adolescents with type 
2 diabetes mellitus had already been recommended as the 
first choice of medication by international diabetes societies 
such as ISPAD, ADA and EASD at the time of this study. 
Therefore, the approval for children and adolescents in Japan 
has focused on the safety of large-dose metformin therapy.

The first clinical trial of metformin for pediatric patients 
with T2DM was conducted as a double-blind, placebo-con-
trol trial in the USA in 1998–1999 [10]. The mean HbA1c 
and FPG levels decreased in the metformin groups signifi-
cantly more than in the placebo groups and no serious side 
effects were observed [10].

The second clinical trial was conducted in Europe using 
glimepiride versus metformin as a monotherapy for pediatric 
patients with T2DM [11]. The mean HbA1c and FPG lev-
els were improved significantly in both the metformin and 
glimepiride groups; however, BMI was improved only in 
the metformin group [11]. Thereafter, further studies were 
done in adolescents.

The Treatment Options for Type 2 Diabetes in Adoles-
cents and Youths (TODAY) study, sponsored by the NIH, 
was designed to test three approaches: metformin alone, 
metformin plus rosiglitazone, and metformin plus lifestyle 
intervention [3, 17]. The 3.9-year clinical trial showed that 
metformin plus rosiglitazone was the most effective treat-
ment for T2DM, followed by metformin plus lifestyle inter-
vention and then metformin alone [3, 17]. A more recent 
TODAY study showed the effectiveness of metformin plus 
short-term diabetes education in a large ethnically/racially 
and geographically diverse population of adolescents with 
recent-onset T2DM who completed at least 8 weeks of treat-
ment. This study provided short-term improvements in gly-
cemic control and cardiometabolic risk factors in a large 
adolescent T2DM population [18].

Judging from our two clinical trials and previous reports, 
metformin monotherapy is effective and safe for treat-
ment of children and adolescents with T2DM, at least up 
to 52 weeks. We have to consider two points when begin-
ning metformin monotherapy. The first is the patient’s con-
dition at the time of diagnosis. In most patients in Japan, 
T2DM is detected by urine glucose screening [1]. Many of 
these patients have elevated blood glucose, HbA1c and mild 
acidosis, which cause insulin resistance and exhaustion of 
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endogenous insulin. The American Academy of Pediatrics 
[6] and ISPAD guidelines [8, 9] recommend using inter-
mediate-acting insulin or long-acting insulin together with 
metformin for T2DM. In our first trial, we found that the 
treatment was effective for metformin-naïve patients with 
lower HbA1c and lower fasting plasma glucose levels, and 
higher plasma IRI, C-peptide and HOMA-β levels at entry 
(unpublished data) [13]. Metformin plus lifestyle interven-
tion and intensive short-acting or ultrashort-acting insulin 
therapy for a short period of time will be an alternative ther-
apy at entry to reduce glucose toxicity and insulin resistance, 
and restore endogenous plasma insulin levels. Naturally, care 
should be taken to ensure that insulin therapy does not cause 
hypoglycemia.

Another point for metformin monotherapy will be good 
metabolic control sustained for a long period of time. 
According to the TODAY study, metformin alone is effec-
tive for short-term glycemic control in the majority of youths 
with T2DM [18]. However, metformin monotherapy is 
inadequate for sustained glycemic control in the majority 
of youths with T2DM after a long period of time [7–9]. In 
our study, HbA1c at 52 weeks was also elevated slightly 
compared to the level at 24 weeks. The addition of rosigli-
tazone to metformin is superior to metformin alone for gly-
cemic control [3]. However, rosiglitazone is not approved 
in our country and is reported to have serious side effects 
in adults. Other anti-diabetic drugs will be necessary after a 
long period of time as suggested in various guidelines [7–9] 
and the TODAY studies [3, 17]. The most adequate pharma-
cologic agents after long-term metformin monotherapy have 
to be considered in the future.

In conclusion, we reported our clinical trials of metformin 
monotherapy for patients with pediatric T2DM in Japan. Our 
results proved the effectiveness and safety of the drug, at 
least up to 52 weeks, for pediatric patients as reported previ-
ously. Thus, metformin monotherapy is safe and effective for 
childhood and adolescent T2DM.

In the future, it may also be possible to use metformin 
therapy to reduce BMI for preventing T2DM in obese non-
diabetic adolescents [12].
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