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Abstract 
Objective: To examine the effect of high-dose metformin on glucose metabolism in Japanese pa-
tients with type 2 diabetes. Method: A total of 144 patients with type 2 diabetes who could be fol-
lowed up for 6 months after their dose of metformin was increased to 1000 mg/day (from 750 
mg/day or less) were examined. The dose of metformin was increased from 750 mg/day in 70 
subjects (250-mg dose increase) and from 500 mg/day in 74 subjects (500-mg dose increase). Re-
sults: After the dose increased to 1000 mg/day, HbA1c was significantly decreased by 0.65% ± 
0.7%, 0.42% ± 0.5%, and 0.87% ± 0.7% in all subjects, the 250-mg dose increase group, and the 
500-mg dose increase group, respectively. No significant change was observed in weight. Analysis 
by BMI (<25 kg/m2 and ≥25 kg/m2) revealed a comparable significant decrease in HbA1c in all 
subjects, the 250-mg dose increase group, and the 500-mg dose increase group. Analysis by dura-
tion of diabetes showed a significant decrease in HbA1c regardless of the duration. Conclusion: 
Increasing the metformin dose to 1000 mg/day showed a significant antihyperglycemic effect over 
6 months in Japanese patients with type 2 diabetes. Blood glucose improved regardless of the du-
ration of diabetes or the presence or absence of obesity. Overall tolerability was favorable. 
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1. Introduction 
Metformin, a biguanide, has been used in the treatment of type 2 diabetes since the 1950s. In the 1970s, the ad-
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verse events of lactic acidosis, which was associated with phenformin, a biguanide, were shown in USA. As a 
result, restrictions were placed on the dosage and administration method of biguanides in many countries, and it 
became difficult to use biguanides in Japan. However, in The Multicenter Metformin Study [1] and The UK 
Prospective Diabetes Study (UKPDS) [2] [3] that have been conducted since the 1990s, metformin, a represent-
ative biguanide, lowered blood glucose level primarily through the inhibition of hepatic glucose production 
without increasing body weight and insulin secretion, and the incidence of adverse events including lactic acido-
sis was rare, showing its effectiveness and safety. Thus, metformin started to attract attention and became the 
first-line agent for the treatment of type 2 diabetes in Europe and USA [4] [5]. The antihyperglycemic effect of 
metformin was dose-dependent, and the maximum effect was obtained at a dose of 2000 mg/day in most pa-
tients [6]. For this reason, the maximum recommended daily dose of metformin is 2000 mg/day in the USA and 
3000 mg/day in Europe and other countries. Importantly, the metabolic and clinical outcomes for metformin in 
the UKPDS were obtained using a median daily dose of 2550 mg/day [2]. In contrast, the local regulation had 
placed an upper limit of daily dose of metformin at 750 mg/day from 1977 to 2010 in Japan. 

However, the effectiveness and safety of metformin have recently been confirmed in the Melbin Observation-
al Research (MORE) [7] study conducted in Japan. Moreover, use of high doses of metformin up to 2250 mg/day 
(Metgluco® tablet 250 mg) was approved in 2010, which made this drug indispensable in the treatment of di-
abetes. Nevertheless, with regard to the clinical data on use at high doses, use at a dose of 1500 mg/day or 2250 
mg/day has been reported only occasionally [8]. In the present study, the antihyperglycemic effect of a metformin 
dose increase to 1000 mg/day (from 750 mg/day or lower doses) was retrospectively examined in patients with 
type 2 diabetes. The results were also analyzed by BMI, duration of disease, and concomitant drug use. 

2. Subjects and Methods 
A total of 144 patients with type 2 diabetes (62 men, 82 women; mean age, 58.5 ± 12 years; BMI, 26.1 ± 4.1 
kg/m2; duration of disease, 11.7 ± 6.0 years) who regularly visited the outpatient diabetes clinic of our hospital 
and could be followed up for 6 months after the metformin dose increase to 1000 mg/day (from 750 mg/day or 
lower doses) (Table 1) was examined. This study was conducted according to the principals expressed in the 
Declaration of Helsinki Informed consent was obtained from each subject after full explanation of the purpose, 
nature, and risk of all procedures used. The study protocol was approved by the ethical review committee of 
Saiseikai Niigata Daini Hospital.  

Of these, the dose was increased from 750 mg/day in 70 subjects (250-mg dose increase group) and from 500 
mg/day in 74 subjects (500-mg dose increase group). Patients whose other antidiabetic drugs were changed dur-
ing the study period, those with serious liver dysfunction, cardiovascular or respiratory diseases, those with a 
serum creatinine level of 1.5 mg/dL or higher, and those who regularly consumed excessive amounts of alcohol 
were excluded from the study. The mean HbA1c (NGSP [National Glycohemoglobin Standardization Program] 
value) at baseline was 8.2% ± 0.6%. Concomitant drugs were sulfonylureas (SUs) in 69 subjects, insulin in 43 
subjects, dipeptidyl peptidase 4 (DPP4) inhibitors in 28 subjects, α-glucosidase inhibitors (αGIs) in 14 subjects, 
Pioglitazone in 4 subject, glinides in 3 subjects, and none in 26 subjects (Table 1). Complications are shown in 
Table 1. Approximately half of the subjects had hypertension. During the study period, treatment with existing 
oral antihyperglycemic drugs was continued, and drugs that would affect blood glucose or HbA1c were not 
added to the treatment, and the regimens of these drugs were not changed. The obtained data were summarized 
by mean values and standard deviations. Statistical analysis was performed using SASW Statistics 18 (SPSS Inc., 
an IBM Company), by paired t-test, Wilcoxon’s signed rank sum test, and one-way analysis of variance 
(ANOVA). A two-sided significance level of 5% was used. All HbA1c values are shown as NGSP values. 

3. Results 
The dose of metformin was increased to 1000 mg/day in all subjects. HbA1c was significantly decreased by  
0.57% ± 0.6% and 0.65% ± 0.7% 3 months and 6 months after the dose increase, respectively (Figure 1). In the 
250-mg dose increase and 500-mg dose increase groups, HbA1c was significantly decreased by 0.39% ± 0.4% 
and 0.74% ± 0.7%, respectively, 3 months after the dose increase and by 0.42% ± 0.5% and 0.87% ± 0.7%, re-
spectively, 6 months after the dose increase. Weight, systolic blood pressure, and diastolic blood pressure were 
changed from 70.29 ± 13 kg to 70.0 ± 14 kg, from 126.0 ± 12 mmHg to 126.2 ± 10 mmHg, and from 74.8 ± 11 
mmHg to 75.2.  
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Table 1. Patient background characteristics.                                

n 144 

Gender (M:F) 62:82 

Age (years) 58.52 ± 12.65 

Duration of diabetes (years) 11.74 ± 6.07 

Hight (cm) 162.30 ± 9.11 

Weight (kg) 68.89 ± 12.92 

BMI (kg/m2) 26.11 ± 4.11 

HbA1c (NGSP) (%) 8.20 ± 0.68 

SBP (mmHg) 126.46 ± 12.27 

DBP (mmHg) 74.94 ± 11.62 

Concomitant drugs used  
before the metformin  

dose increase. (n) 

SU  31 

SU + DPP-4 inhibitor  16 

SU + insulin  11 

SU + α-GI  8 

SU + GLP-1 receptor agonist  1 

SU + TZ  1 

SU + insulin + α-GI  1 

Insulin  28 

Insulin +DPP-4 inhibitor  1 

Insulin + α-GI  1 

Insulin + TZ  1 

DPP-4 inhibitor  10 

DPP-4 inhibitor + α-GI  1 

Glinide  2 

Glinide + α-GI  1 

α-GI  2 

TZ  2 

None  26 

Complications 

Hypertension  30 

Hypertension + dyslipidemia  37 

Hypertension + angine pectosis  1 

Hypertension + dyslipidemia + ASO  1 

Hypertension + dyslipidemia + Af  1 

dyslipidemia  21 

OMI  3 

Angine pectosis  2 

Af  1 

ASO  1 

Bronchial asthma  1 

Hyperuricemia  1 

None  44 

BMI: Body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, SU: sulfony-
lurea, TZ: thiazolidine, DPP-4: Dipeptidyl Peptidase-4, α-GI: α-glucosidase inhibitor; OMI: old 
myocardial infarction, ASO: arteriosclerosis obliterans, Af: atrial fibrillations. 
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Figure 1. Changes in HbA1c over time in all subjects. *p < 0.0001  
vs. values before the metformin dose increase; MF: Metformin.          

 
± 11 mmHg, respectively, 6 months after the dose increase; no changes were significant (data are not shown). 

Among subjects whose BMI was below 25 kg/m2, HbA1c was significantly decreased by 0.57% ± 0.5%,  
0.38% ± 0.4%, and 0.78% ± 0.5% in all subjects, the 250-mg dose increase group, and the 500-mg dose increase 
group, respectively, 6 months after the dose increase. Among those with BMI of 25 kg/m2 or higher, a signifi-
cant decrease by 0.71% ± 0.8%, 0.44% ± 0.6%, and 0.93% ± 0.8% was observed in all subjects, the 250-mg 
dose increase group, and the 500-mg dose increase group, respectively (Figure 2, Figure 3). In each group, the 
decrease in HbA1c was greater among subjects with BMI of 25 kg/m2 or higher. 

The decrease in HbA1c by duration of diabetes is shown in Figure 4. The decrease appeared greater in the 
group with duration of diabetes of 10 years or longer and shorter than 15 years and the group with duration of 
diabetes of 15 years or longer and shorter than 20 years, but, overall, no significant difference was observed. 

The achievement rate of the target HbA1c value of blood glucose control specified in “Treatment Guide for 
Diabetes 2014-2015” [9], which is below 7%, was 19.5% (28/143 subjects). The ratio of subjects whose HbA1c 
improved more than one level (HbA1c was classified at baseline in the four levels <6.0%, ≥6.0% and <7.0%,  
≥7.0% and <8.0%, ≥8.0%.) was 50.7% (73/144 subjects) (Figure 5). 

The change in body weight caused by the metformin dose increase was examined in the group of subjects 
treated concomitantly with insulin secretagogues (SUs, glinides) or insulin (n = 114), but no significant increase 
was observed (from 69.49 ± 14 kg to 69.38 ± 14 kg, p = 0.50). Although gastrointestinal symptoms including 
mild diarrhea occurred in only 3 subjects during the follow-up after the dose increase, metformin was not dis-
continued; it was continued in all subjects. No subject presented with clear hypoglycemic symptoms during the 
follow-up period. 

4. Discussion 
In Japan, the maximum dose of metformin had been limited for a long time to 750 mg/day, which was a quarter 
to a third of the maximum dose in the United States and Europe. This gap in metformin dose has been constantly 
making clinicians wonder whether the evidence regarding metformin in the United States and Europe can be di-
rectly used as evidence in Japanese patients. 

In the present study, HbA1c was significantly decreased from 8.20% ± 0.6% to 7.55% ± 0.7% over 6 months 
after the metformin dose was increased to 1000 mg/day (from 750 mg/day or lower doses) in 144 patients with 
type 2 diabetes. Analysis by the level of dose increase showed that the change in HbA1c 6 months after the dose 
increase was −0.42% ± 0.5% in the 250-mg dose increase group and −0.87% ± 0.7% in the 500-mg dose in-
crease group), indicating a dose-dependent effect that has been pointed out as a characteristic of metformin. This 
analysis also showed that a dose increase to 1000 mg/day was sufficiently effective even with a 250-mg increase. 
Garber et al. [6] examined the decrease in HbA1c caused by the metformin dose in patients with type 2 diabetes  
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Figure 2. Decrease in HbA1c 3 months and 6 months after the metformin 
dose increase. There is no significant difference in the change in all sub-
jects, those with BMI < 25 kg/m2, and those with BMI ≥ 25 kg/m2. Com-
parison was performed by Student’s t-test.                            

 

 
Figure 3. Decrease in HbA1c 3 months and 6 months after the metformin dose increase in the 250-mg dose 
increase group (from 750 mg/day to 1000 mg/day) and in the 500-mg dose increase group (from 500 mg/day 
to 1000 mg/day). There is no significant difference in the change in all subjects, those with BMI < 25 kg/m2, 
and those with BMI ≥ 25 kg/m2. Comparison was performed by Student’s t-test.                          

 
and reported that the change in HbA1c was −0.3% to −0.5% with 12-week administration of metformin at a dose 
of 500 mg. Although a direct comparison of this result and the present result (−0.73% ± 0.7% in 3 months) 
would be impossible due to different patient background characteristics and other reasons, it was suggested that 
Japanese patients are more likely to benefit from the dose-up effect of metformin. 

According to the analysis by the presence or absence of obesity, the decrease in HbA1c was somewhat greater 
in obese subjects (BMI ≥ 25 kg/m2) than in non-obese subjects (BMI < 25 kg/m2) in all subjects, the 250-mg 
dose increase group, and the 500-mg dose increase group, but no significant differences were observed. The 
MORE Study [7], a large-scale clinical study of metformin in Japanese subjects, also clearly showed that met- 
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Figure 4. Decrease in HbA1c 3 months and 6 months after the metfor-
min dose increase by duration of diabetes. There is no significant dif-
ference in the change in all subjects even if I distributed it in any con-
traction of duration. Comparison was performed by one-way ANOVA.   

 
  Before dose increase  
  HbA1c 

≥ 8.0% 
HbA1c 

7.0% - 8.0% 
HbA1c 

6.0% - 7.0% 
HbA1c 
< 6.0% Total 

After dose 
increase 

HbA1c ≥ 8.0% 29 5   34 
HbA1c 7.0% - 

8.0% 45 36   81 

HbA1c 6.0% - 
7.0% 9 16 1  26 

HbA1c < 6.0% 1 2   3 

 Total 84 59 1 0 144 

Figure 5. Shift in number of patients by HbA1c before and after the metformin dose increase. (n = 144) 
 
formin produced antihyperglycemic effects not only in obese patients but also in non-obese patients, and that the 
level of the effect was comparable. This was confirmed in the present study. Thus, the results of the present 
study would prompt clinicians to reconsider the fact that they have tended to use metformin only for obese pa-
tients. 

The analysis by duration of diabetes in this study showed comparable improvement of HbA1c regardless of 
duration. Because it has been shown in past studies that the longer the duration of diabetes is, the greater the de-
crease will be in the endogenous capacity to secrete insulin [10], the above result raises the question of why 
metformin, which is an insulin sensitizer, is effective for patients with long duration of diabetes whose capacity 
for endogenous insulin secretion is impaired. Metformin acts on the liver, muscles, fat tissue, and other sites in a 
multifaceted manner, and many actions require insulin. However, for metformin to produce its effects, the insu-
lin concentration does not have to be high. Metformin has been shown to exert effects independent of insulin 
concentration [11]. This is not the case with thiazolidinediones, which are categorized in the same insulin sensi-
tizer class as metformin. Among its actions, metformin is known to activate AMP kinase, thereby inhibiting 
cAMP response element-binding protein (CREB)-binding protein (CBP) and CREB regulated transcription 
coactivator 2 (CRTC2, or transducer of regulated CREB protein 2 [TORC2]), which are transcriptional coacti-
vators, as well as induce glucose-6-phosphatase (G6Pase) and phosphoenolpyruvate carboxykinase (PEPCK), 
which are the enzymes catalyzing gluconeogenesis and eventually controlling gluconeogenesis [12]. Moreover, 
a pathway of the actions of metformin that is not mediated by AMP kinase has recently been clarified. In this 
pathway, metformin at a therapeutic dose increases the concentration of AMP up to the level that is enough to 
decrease the activity of adenylate cyclase. As a result, cyclic AMP is decreased, and the glucagon signaling that 
follows is inhibited, leading to inhibition of gluconeogenesis [13]. This mechanism of action also supports the 
finding of this study that metformin produced an antihyperglycemic effect that was independent of insulin con-
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centration. Thus, metformin is considered to be effective in any stage of diabetes. 
When the dose of metformin was increased in the present study involving 115 patients (79.8%) treated with 

insulin secretagogues including SUs and glinides or insulin preparations, neither hypoglycemia nor significant 
increases in weight occurred. For patients being treated with SUs or insulin, as well as 750 mg/day of metformin, 
whose blood glucose is not sufficiently controlled, the next step in the treatment can be to increase the metfor-
min dose. 

The most common adverse events with the administration of metformin are gastrointestinal symptoms. In par-
ticular, diarrhea and nausea are observed most frequently. Their incidence varies by report, but it ranges from 
approximately 6% to 25% [14]. Garber et al. examined the tolerability of metformin and reported that the rate of 
interruption of treatment due to diarrhea with treatment at a dose of 500 mg/day was comparable to the rate with 
administration of placebo, but it was increased at a dose of 1000 mg/day, and there was no difference in the rate 
of interruption among 1000 mg/day or higher doses [6]. In the 144 patients examined in the present study, only 3 
experienced gastrointestinal symptoms including mild diarrhea after the dose increase. All symptoms were alle-
viated within 1 week, and the treatment was continued. Thus, metformin showed favorable overall tolerability. 

The main limitation of the present study is its retrospective design without parallel control group, which pre-
vents us drawing conclusion about causality. Other limitations are that we described the insulin independent 
mechanism of metformin effect without data of insulin levels in the present study, and that the relatively small 
number of patients and short duration of the follow-up period prevent the precise estimate of the effectiveness of 
the treatment. Large-scale, long-term randomized-controlled studies which evaluate endogenous insulin secre-
tion ability are needed to confirm the findings of our study. 

5. Conclusion 
Based on the above results, an increase in the dose of metformin to 1000 mg/day in patients with type 2 diabetes 
showed a significant antihyperglycemic effect starting 3 months after the increase, and the effect persisted for 6 
months. HbA1c was decreased by 0.42% with the 250-mg metformin dose increase and by 0.87% with the 
500-mg metformin dose increase, indicating an additive effect. With the dose increase, blood glucose improved 
regardless of the duration of diabetes and the presence or absence of obesity, and overall tolerability was favora-
ble. 
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