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ABSTRACT

Introduction: Metformin has dose-dependent
hypoglycemic effects on patients with type 2
diabetes (T2D). In Japan, metformin has been
prescribed at lower doses than in Western
countries. We analyzed the effect of increasing
the metformin dose on glycemic control and
compared it to a combination therapy with
dipeptidyl peptidase-4 inhibitors (DPP-4i) and a
replacement therapy with DPP-4i.
Methods: This is a cohort study using a Japa-
nese claims database. Patients with T2D who
had been initially treated with low-dose met-
formin (C 500 mg/day and\1000 mg/day) and
then given a prescription change by increasing

metformin to a higher dose (C 1000 mg/day)
(increased-dose), adding DPP-4i (drug-added),
or switching to DPP-4i (drug-switched) were
included in this study. The primary outcome
was the change in HbA1c levels at 12 months
from the baseline period.
Results: Among 2,726,437 patients with T2D,
494 were included. Of these patients, 226, 240,
and 28 patients were classified as increased-dose,
drug-added, and drug-switched groups, respec-
tively. The HbA1c levels at 12 months from the
index significantly decreased compared to that
during the baseline period. The change was the
highest in the drug-added group (- 1.06%), fol-
lowed by the increased-dose (- 0.91%) and the
drug-switched groups (- 0.37%). Among the
subset of patients who did not receive any
antidiabetic drugs other thanmetformin or DPP-
4i, the highest change in HbA1c levels was
observed in the increased-dose group (- 0.84%),
followed by the drug-added (- 0.67%) and the
drug-switched (- 0.42%) groups. The order of
decrease from baseline remained the same for all
the study groups after the propensity score
weighting adjustment.
Conclusion: The effect on glycemic control
when increasing the metformin dose was stud-
ied in patients who had been receiving low-dose
metformin. Increasing metformin dosage shows
effectiveness and could be one of the next
treatment options in patients who were pre-
scribed low-dose metformin as the first-line
treatment.
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Key Summary Points

Why carry out this study?

Metformin has been prescribed at lower
doses in patients with type 2 diabetes
(T2D) in Japan than those in Western
countries despite evidence on its dose-
dependent hypoglycemic effects

We compared the effect of increasing the
metformin dose on glycemic control in
patients previously receiving low doses of
metformin to that of a combination
therapy with dipeptidyl peptidase-4
inhibitors (DPP-4i) and that of a
replacement therapy with DPP-4i by using
a Japanese clinical database

What was learned from the study?

The effect of increasing the metformin
dose on glycemic control was similar to
that of a combination therapy with DPP-
4i and that of a replacement therapy with
DPP-4i

Increasing metformin dosage could be one
of the next treatment options in patients
who were prescribed low-dose metformin
as the first-line treatment

DIGITAL FEATURE

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13655768.

INTRODUCTION

Metformin hydrochloride (hereafter referred to
as metformin) is reported to have dose-depen-
dent hypoglycemic effects [1, 2]. According to
the medical guidelines of Western countries,
metformin is considered as a first-line hypo-
glycemic drug for the treatment of type 2 dia-
betes (T2D) [3]. However, metformin, a drug
from the biguanide class, has long been pre-
scribed in Japan at doses lower than those pre-
scribed in Western countries. This restriction
was introduced because of several consecutive
reports in the 1970s on deaths due to lactate
acidosis in patients treated with phenformin
hydrochloride, which was the first available
biguanide [4]. In Japan, the recommended
maximum daily dosage of metformin was only
750 mg/day until 2010. Since then, the recom-
mended dosage was increased to 750–
1500 mg/day in the maintenance phase of the
treatment; a maximum daily dosage of
2250 mg/day was approved. However, despite
an increase in the approved maximum daily
dose, the average prescribed dose of metformin
has been\1000 mg/day in many patients [5, 6].
In the pharmacological therapy of diabetes,
when the monotherapy of the first-line drug
does not achieve adequate glycemic control, the
following approaches are considered: increasing
the first-line drug dose, switching to other
hypoglycemic drugs, or combining the first-line
drug with other drugs having different mecha-
nisms of action [7]. If optimal glycemic control
is not achieved by the use of metformin as the
first-line drug, increasing the metformin dose,
combining metformin with dipeptidyl pepti-
dase-4 inhibitors (DPP-4i), or switching to DPP-
4i are generally considered as treatment options
[5, 8, 9].

Several studies have investigated the effect of
increasing the metformin dose or administering
a combination therapy with DPP-4i for Japanese
T2D patients who have not achieved optimal
glycemic control while being treated with met-
formin at low doses [4, 8, 10–16]. Clinical trials
have reported the favorable hypoglycemic
effects of increasing the metformin dose to [
1000 mg/day [4] and administering a
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combination therapy comprising both met-
formin and DPP-4i [10–13]. Other studies have
been conducted in clinical practices. Using a
clinical database, one study investigated the
effects of adding DPP-4i to 500-mg/day met-
formin or increasing the metformin dose [8],
Also, observational studies on increasing the
metformin dose from 500 mg/day or
750 mg/day to 1000 mg/day [14] and from 1000
to 1500 mg/day [15] for outpatients in a hospi-
tal were conducted. To compare the effects
between an increased metformin dose and a
combination therapy with metformin and DPP-
4i, a pilot study of randomized comparative
trials was recently conducted, wherein 11
patients receiving 500–1000 mg/day of met-
formin were divided into two groups: in the first
group, the metformin dose was increased to
1500 mg/day; in the second group, a combina-
tion therapy of metformin (750 mg/day) and
linagliptin (5 mg/day) was administered [16]. To
the best of our knowledge, this study is the first
and only clinical trial performed to compare the
abovementioned treatments [16]. Considering
that metformin has been used at lower doses
than the approved dose, and that increasing the
metformin dose, combining metformin with
DPP-4i, or switching to DPP-4i is usually con-
ducted in patients with insufficient glycemic
control, more information comparing the effect
among the treatments is required to consider
the next possible treatment options.

In the present study, the effect of increasing
the metformin dose on glycemic control in
patients previously receiving low doses of met-
formin (C 500 mg/day and\ 1000 mg/day) was
compared to that of a combination therapy
with DPP-4i and that of a replacement therapy
with DPP-4i by using a Japanese clinical data-
base. We expect this study to provide relevant
information regarding the appropriate treat-
ment for T2D patients with inadequate gly-
cemic control despite being treated with low-
dose metformin as the first-line drug.

METHODS

Study Design and Data Source

This is a cohort study based on a Japanese claims
database that consisted of data from DPC hospi-
tals from April 2008 to November 2018, as pro-
vided by Medical Data Vision Co., Ltd. (MDV
database). DPC hospitals are acute hospitals
adopting theDiagnosis Procedure Combination/
Per-Diem Payment System (DPC/PDPS) [17]. As
of August 2019, the MDV database was com-
prised of claims data of 28,400,000 patients from
385 hospitals, which accounts for 22% of acute
medical institutions in Japan. Laboratory data
were also available for patients from some of the
hospitals. Data of all the patients who visited the
affiliated DPC hospitals were included regardless
of the age and the type of health insurance;
however, records of diagnoses and/or treatment
received from other medical facilities could not
be tracked. The study was approved by the ethics
committee of St. Marianna University School of
Medicine (4406). As the study only involved
analysis of pre-existing data in the databases,
written informed consent from the study partic-
ipantswasnot required. Clinical trial registration
was not required for this study because it was not
a prospective study and did not involve any
intervention.

Patient Identification

Patients who met all inclusion criteria and did
not meet any exclusion criteria were identified
for the analyses in this study (Fig. 1). The inclu-
sion criteria were as follows: (1) patients having
records of diagnosis of T2D coded as E11 or E14
by the International Statistical Classification of
Diseases and Related Health Problems, 10th
revision (ICD10) [18]. In this study, definitive
diagnosis, but not suspected diagnosis, was con-
sidered as diagnosis. (2) Patients having the first
diagnosis of T2D during the observation period.
The observation period of each patient was from
the first date of any medical practice to the last
date of anymedical practice in the hospital. Note
that the first diagnosis was recorded as ‘‘From-
date’’ regardless of whether it was before or
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during the observation period in this database.
(3) Patients having records ofmetformin (generic
name: metformin hydrochloride) prescription at
a dose C 500 mg/day and\ 1000 mg/day (de-
fined as low-dose metformin) as the first oral
hypoglycemic drug after the first diagnosis of
T2D. (4) Patients having records of metformin
prescription at a dose of C 1000 mg/day (defined
as high-dose metformin) or DPP-4i prescription
after the prescription of low-dose metformin.
The oldest date of prescription of either high-
dose metformin or DPP-4i was defined as the
index date, and the drug prescribed on the index
date (either metformin or DPP-4i) was defined as
the index drug. (5) Patients aged C 18 years old
at the first diagnosis of T2D. (6) Patients having
a C 3-month observation period before the
index date. The 3-month period, including the
index date, was defined as the baseline period. (7)
Patients having C 12 months of observation
period after the index date. The period was
defined as the outcome evaluation period. (8)
Patients having a laboratory test value of serum
glycated hemoglobin A (HbA1c) during the
baseline period and at the end of the outcome
evaluationperiod: after 12 months (± 3 months)
from the index date. (9) Patients having labora-
tory test values of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), serum
creatinine (or estimated glomerular filtration
[eGFR]), and hemoglobin (Hb) during the base-
line period. The exclusion criteria were as fol-
lows: (1) patients having records of type 1
diabetes diagnosis (ICD10 code: E10) during the
observation period; (2) patients having prescrip-
tion records of insulin or other antidiabetic drugs
during the period treated with low-dose met-
formin before the index date; (3) patients having
metformin prescription records in the depart-
ment of obstetrics or breast surgery; (4) patients

having records of steroid prescription during the
baseline period or the outcome evaluation per-
iod; (5) patients having records of metformin
prescription at a dose[2250 mg/day in the out-
come evaluation period.

The patients in the primary study group were
divided into the following three treatment
groups on the basis of index drugs and pre-
scription intervals: (1) increased-dose group: the
index drug was high-dose metformin; (2) drug-
added group: the index drug was DPP-4i, and
the treatment period prescribed for both low-
dose metformin and DPP-4i was C 90 days; (3)
drug-switched group: index drug was DPP-4i,
and the treatment period prescribed for both
low-dose metformin and DPP-4i was\90 days.

The patients for the secondary study group
were extracted from each treatment group as
follows: (1) increased-dose group: patients with
no records of antidiabetic drug prescription
other than metformin at an average
dose C 1000 mg/day in the outcome evaluation
period; (2) drug-added group: patients with no
records of antidiabetic drug prescription other
than metformin and DPP-4i in the outcome
evaluation period, and the average dose of
metformin was\ 1000 mg/day in the outcome
evaluation period; (3) drug-switched group:
patients with no records of antidiabetic drug
prescription other than DPP-4i in the outcome
evaluation period.

Outcome Measures

The following primary and secondary outcomes
were compared between the treatment groups
in each study group. The primary outcome was
the difference in the HbA1c levels at 12 months
(± 3 months) after the index date from that
during the baseline period. The secondary out-
comes were the difference in the HbA1c levels at
3 months (± 1 months) and 6 months
(± 1 months) after the index date from that
during the baseline period, the percentage of
patients who achieved the target HbA1c level
(6.5% or 7%) at 12 months (± 3 months) after
the index date, the hospitalization rate (number
of hospitalizations divided by the number of
patients) during 12 months after the index date,
the percentage of patients who developed

bFig. 1 Flow chart describing the extraction of target
patients for the analysis in this study. (1) LD metformin:
prescribed C 500 mg/day and\ 1000 mg/day of met-
formin in the department other than obstetrics or breast
surgery. (2) HD metformin: prescribed C 1000 mg/day of
metformin. ALT alanine aminotransferase, AST aspartate
aminotransferase, CR creatinine, DPP-4i dipeptidyl pep-
tidase-4 inhibitor, eGFR: estimated glomerular filtration
rate, Hb hemoglobin, HD high dose, LD low dose, T1D
type 1 diabetes, T2D type 2 diabetes, w/ with, w/o without
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hypoglycemia during 12 months after the index
date, and the difference in the levels of high-
density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), total
cholesterol (Total-C), triglyceride, AST, ALT,
and eGFR at 12 months (± 3 months) after the
index date from that during the baseline period.

Statistical Analysis

We compared each outcome between the
treatment groups after confounding factor
adjustment was made using the propensity
score method. Propensity scores were developed
on the basis of the prediction values of logistic
regression models. The model was created to
predict an order value corresponding to the
following order: the increased-dose group, drug-
added group, and drug-switched group. In the
predictive models, the following explanatory
variables were selected as confounding factors
for the change in HbA1c: age at index date, sex,
clinical test values (HbA1c, AST, ALT, eGFR, and
Hb) during the baseline period, the existence of
diagnosis with diabetic retinopathy during the
baseline period, the existence of diagnosis with
cancer during the baseline period, the depart-
ment where patients received metformin

prescription just before the index date, the
average daily dose of metformin just before the
index date, and the calendar year of initial
treatment with metformin.

The value of each outcome was calculated for
each quintile of the propensity score in each
treatment group; then, to evaluate the differ-
ences between the groups, the average treat-
ment effect was estimated between two
treatment groups. The statistical significance of
the difference from baseline and the difference
between the groups was evaluated on the basis
of the values of 95% confidence intervals (CI).

We used Microsoft Excel 2010 (Microsoft,
Redmond, WA, USA) and SAS version 9.4 (SAS
Institute, Cary, NC, USA) for the analyses.

RESULTS

Patient Characteristics

Among 2,726,437 patients with T2D, 494
patients were identified and included in the
primary study group (Fig. 1). Among these
patients, 226 were classified into the increased-
dose group, 240 into the drug-added group, and
28 into the drug-switched group (Table1).

Table 1 Patient characteristics in each study group

Primary study group Secondary study group

Increased-dose
group

Drug-added
group

Drug-switched
group

Increased-dose
group

Drug-added
group

Drug-switched
group

N 226 240 28 106 171 14

Age (years) 54.5 ± 12.9 61.2 ± 12.0 64.8 ± 11.9 56.1 ± 12.9 62.1 ± 12.4 62.7 ± 14.4

% Female 37.6 40.4 53.6 37.7 39.2 50.0

HbA1c (%) 7.76 ± 1.10 7.94 ± 1.58 7.56 ± 1.20 7.62 ± 1.00 7.49 ± 1.11 7.66 ± 1.50

AST (U/l) 30.1 ± 21.4 31.8 ± 24.7 27.8 ± 18.1 30.2 ± 25.4 33.0 ± 26.4 33.8 ± 21.9

ALT (U/l) 40.3 ± 30.9 35.9 ± 25.8 31.5 ± 24.8 38.5 ± 28.9 36.9 ± 27.6 39.0 ± 29.4

eGFR (ml/min/

1.73 m2)

85.7 ± 20.0 78.3 ± 24.8 67.4 ± 26.7 83.8 ± 20.3 76.3 ± 24.3 71.8 ± 23.6

Hb (g/dl) 14.5 ± 1.52 14.2 ± 1.70 13.1 ± 2.08 14.5 ± 1.32 14.2 ± 1.59 13.0 ± 2.13

Mean ± standard deviation
AST aspartate aminotransferase, ALT alanine aminotransferase, eGFR estimated glomerular filtration, Hb hemoglobin
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Among them, 106, 171, and 14 patients corre-
sponded to the increased-dose group, the drug-
added group, and the drug-switched group,
respectively, in the secondary study group
(Table 1).

In the primary study group, the average level
of HbA1c during the baseline period was 7.76%
(95% CI 7.61–7.90%) in the increased-dose
group, 7.94% (CI 7.74–8.14%) in the drug-
added group, and 7.56% (CI 7.12–8.01%) in the
drug-switched group. In all the groups, the
lower limit of 95% CI was[7%. In addition, in
the secondary study group, the average level of
HbA1c was 7.62% (CI 7.43–7.81%) in the
increased-dose group, 7.49% (CI 7.32–7.66%) in

the drug-added group, and 7.66% (CI
6.88–8.45%) in the drug-switched group. The
increased-dose group had a tendency of lower
average age, lower female proportion, and
higher eGFR compared to other treatment
groups in both study groups (Table 1).

Primary Outcomes

The average values of the outcomes for each
group are listed in Table 2 and Fig. 2, and the
average values for each quintile in each group of
propensity score are listed in Table S1. The
HbA1c levels at 12 months from the index date

Table 2 Values of each outcome in each group

Primary study group Secondary study group

Increased-
dose group

Drug-added
group

Drug-
switched
group

Increased-
dose group

Drug-added
group

Drug-
switched
group

N 226 240 28 106 171 14

DHbA1c 12M (%) - 0.91* - 1.06* - 0.37* - 0.84* - 0.67* - 0.42*

DHbA1c 3M (%) - 0.83* - 1.08* - 0.55* - 0.85* - 0.86* - 0.43*

DHbA1c 6M (%) - 1.00* - 1.12* - 0.72* - 0.99* - 0.79* - 0.46*

DHDL-C (mg/dl) 0.84* 0.28 1.55 0.57 0.24 0.70

DLDL-C (mg/dl) - 8.23 - 8.78 - 12.59 - 11.05 - 9.54 - 16.07

DTotal-C (mg/dl) - 14.57 - 10.73 - 21.08 - 13.91 - 8.47 - 14.29

DTG (mg/dl) - 22.67 - 10.15 8.39 - 15.15 - 4.12 - 14.44

DAST (U/l) - 2.73 - 2.56 - 3.16 - 2.89 - 2.65 - 8.50

DALT (U/l) - 3.65 - 5.60* - 7.08 - 2.36 - 5.95 - 12.17

DeGFR (ml/min/

1.73 m2)

- 1.25* - 4.26* - 0.21 - 0.36 - 2.88* - 3.95

HbA1c\ 6.5% (%) 33.19 36.25 28.57 29.25 33.33 35.71

HbA1c\ 7.0% (%) 63.27 62.08 57.14 64.15 64.33 35.71

Hospitalization (%) 19.03 33.33 60.71 18.87 16.37 57.14

AST aspartate aminotransferase, ALT alanine aminotransferase, eGFR estimated glomerular filtration, Hb hemoglobin,
HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, Total-C total cholesterol, TG
triglyceride
*95% confidence intervals do not cross 0. The changes in values at 3 months (± 1 months) (3M), 6 months (± 1 months)
(6M), and 12 months (± 3 months) (12M) from baseline for HbA1c and 12 months (± 3 months) from baseline for other
laboratory test values are indicated using delta (D)

Diabetes Ther (2021) 12:897–911 903



904 Diabetes Ther (2021) 12:897–911



significantly decreased compared to that during
the baseline period in both study groups; the
decrease from baseline was largest in the drug-
added group (- 1.06%), followed by the
increased-dose group (- 0.91%) and the drug-
switched group (- 0.37%) in the primary study
group, whereas in the secondary study group,
the highest decrease was observed in the
increased-dose group (- 0.84%), followed by
the drug-added group (- 0.67%) and the drug-
switched group (- 0.42%) (Table 2, Fig. 2). At
12 months from the index date, the average
doses of metformin in the primary study group
were 938.6 mg/day for the increased-dose
group, 521.9 mg/day for the drug-added group,
and 91.4 mg/day for the drug-switched group.
The average doses in the secondary study group
were 1127.6 mg/day for the increased-dose
group and 436.7 mg/day for the drug-added
group.

The estimated average treatment effect
between two groups after propensity score
weighting adjustment is given in Table 3. The
order of decrease from baseline remained the
same for all the study groups after the weighting
adjustment, i.e., drug-added group[ increased-
dose group[drug-switched group in the pri-
mary study group and increased-dose group[
drug-added group[drug-switched group in the
secondary study group; the differences between
the groups were significant in both study
groups. In the primary study group, the reduc-
tion in the drug-added group was 0.12% greater
than that in the increased-dose group and
0.80% greater than that in the drug-switched
group. The reduction was 1.12% greater in the
increased-dose group than that in the drug-
switched group (Table 3). Meanwhile, in the
secondary study group, the reduction in the
increased-dose group was 0.12% greater than
that in the drug-added group and 0.43% greater
than that in the drug-switched group. The
reduction was 0.20% greater in the drug-added

group than that in the drug-switched group
(Table 3).

Secondary Outcomes

In both study groups, the HbA1c levels were
significantly decreased in all the treatment
groups, both at 3 and 6 months, from the levels
obtained during the baseline period (Table 2,
Fig. 2). The reduction was largest in the drug-
added group (- 1.08%) at 3 months after the
index date in the primary study group, followed
by the increased-dose group (- 0.83%) and the
drug-switched group (- 0.55%). Moreover, at
6 months after the index date, the decrease was
greater in the drug-added group (- 1.12%) than
in the increased-dose group (- 1.00%); how-
ever, the difference was not significant after the
adjustment for confounding factors although
the decrease was 0.03% greater in the drug-
added group (Table 3). In both treatment
groups, the reduction was greater than that in
the drug-switched group (- 0.72%), and the
differences after adjustment for confounding
factors were statistically significant (Tables 2, 3).
In the secondary study group, the reduction in
the HbA1c levels was greater in the increased-
dose group and the drug-added group compared
to that in the drug-switched group at both 3 and
6 months after the index date (Tables 2, 3,
Fig. 2). At 3 months after the index date, the
amount of change in HbA1c levels was compa-
rable between the increased-dose group and the
drug-added group (Table 3). At 6 months after
the index date, the reduction in HbA1c levels
was 0.15% greater in the increased-dose group
than that in the drug-added group, with statis-
tical significance in the secondary study group
(Table 3).

Among other clinical test values in the pri-
mary study group, a significant increase in HDL-
C in the increased-dose group (0.84 mg/dl) and
in ALT in the drug-added group (- 5.60 U/l)
and a significant decrease in eGFR in the
increased-dose group (- 1.25 ml/min/1.73 m2)
and the drug-added group (- 4.26 ml/min/
1.73 m2) were observed (Table 2). In the sec-
ondary study group, clinical test values did not
significantly change other than a significant

bFig. 2 Difference in the HbA1c levels at 3, 6, and
12 months after the index date from that during the
baseline period for primary study group (a) and secondary
study group (b). Error bars represent 95% confidence
intervals. HbA1c hemoglobin A1c
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decrease in eGFR in the drug-added group
(- 2.28 ml/min/1.73 m2) (Table 2). Between the
treatment groups, in the primary study group,
the reduction in eGFR was statistically signifi-
cantly greater (4.03 ml/min/1.73 m2) in the
drug-added group than in the increased dose

group (Table 3). In the secondary study group,
the percentage of patients achieving HbA1c
levels\ 7.0% was greater in the increased-dose
group (64.15%) than in the drug-switched
group (35.71%) (Table 2), and the difference
was 31.00% and statistically significant after

Table 3 Comparison between the groups for each outcome (after adjustment for confounding factors)

Primary study group Secondary study group

(Increased-
dose group)—
(drug-added
group)

(Drug-added
group)—
(drug-
switched
group)

(Increased-
dose group)—
(drug-switched
group)

(Increased-
dose group)—
(drug-added
group)

(Drug-added
group)—
(drug-
switched
group)

(Increased-
dose group)—
(drug-switched
group)

DHbA1c, 12M

(%)

0.12* - 0.80* - 1.12* - 0.12* - 0.20* - 0.43*

DHbA1c, 3M

(%)

0.19* - 0.52* - 0.38* 0.03 - 0.32* - 0.58*

DHbA1c, 6M

(%)

0.03 - 0.46* - 0.42* - 0.15* - 0.23* - 0.58*

DHDL-C (mg/

dl)

- 0.09 - 1.65 0.22 - 0.40 - 0.80 - 0.16

DLDL-C (mg/dl) 1.56 4.29 - 4.86 - 2.47 9.01 - 1.60

DTotal-C (mg/

dl)

- 2.91 10.65 8.71 - 6.66 2.45 0.85

DTG (mg/dl) - 10.23 - 22.48 - 78.30 - 30.45 - 6.10 - 10.70

DAST (U/l) - 0.58 1.43 - 1.41 - 3.43 7.37 0.51

DALT (U/l) 2.45 2.61 1.61 0.98 7.94 4.78

DeGFR (ml/

min/1.73 m2)

4.03* - 2.04 6.69 3.00 1.98 3.84

HbA1c\ 6.5%

(%)

- 1.17 1.06 7.65 - 3.74 - 14.76 - 1.91

HbA1c\ 7.0%

(%)

1.90 - 4.97 6.91 3.84 12.81 31.00*

Hospitalization

(%)

- 3.56 - 36.93* - 25.33 15.79 - 66.60* 9.66

AST aspartate aminotransferase, ALT alanine aminotransferase, eGFR estimated glomerular filtration, Hb hemoglobin,
HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, Total-C total cholesterol, TG
triglyceride
*95% confidence intervals do not cross 0. The changes in values at 3 months (± 1 months) (3M), 6 months (± 1 months)
(6M), and 12 months (± 3 months) (12M) from baseline for HbA1c and 12 months (± 3 months) from baseline for other
laboratory values are indicated using delta (D)
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adjustment for confounding factors (Table 3).
In both study groups, the percentage of hospi-
talization in the drug-switched group was sig-
nificantly higher than that in the drug-added
group, while other outcomes were comparable
between the groups (Table 3). The number of
patients who developed hypoglycemia was
almost zero in all the treatment groups in both
study groups (Table S1B and S1D).

DISCUSSION

In this study, we aimed to compare the effects
of increasing the metformin dose on glycemic
control and improvement of other health out-
comes to the combination therapy with DPP-4i
and the replacement therapy with DPP-4i in
patients with T2D who were previously receiv-
ing low-dose metformin using a Japanese clini-
cal database. Our results showed that, regarding
the glycemic control effect, in all the treatment
groups, HbA1c levels decreased at 3 months
compared to that during the baseline period. In
addition, at 12 months after the index date, the
reduction was the largest in the drug-added
group, followed by the increased-dose group
and the drug-switched group in all the target
patients (the primary study group). We found
that among those patients who had not
received other antidiabetic drugs during the
outcome evaluation period (the secondary
study group), the reduction in HbA1c levels was
the largest in the increased-dose group, fol-
lowed by the drug-added group and the drug-
switched group. For other laboratory test values,
we observed an increase in HDL-C in the
increased-dose group, a decrease in ALT in the
drug-added group, and a decrease in eGFR in
both the increased-dose group and drug-added
group. When comparing treatment groups, the
reduction in eGFR was greater in the drug-added
group compared to that in the increased-dose
group. Hospitalization rate was higher in the
drug-switched group than in the increased-dose
group.

We observed that patients who had previ-
ously been receiving low-dose metformin
showed a hypoglycemic effect at 3 months in all
the treatment groups. The improvement in the

increased-dose group was greater than that in
the drug-switched group, but less than that of
the drug-added group. However, the improve-
ment in glycemic control was greater in the
increased-dose group than in the DPP4i-added
group in the secondary study group where
patients did not receive additional antidiabetic
drugs. Possibly, in the primary study group, the
average dose of metformin in the increased-
dose group, which was 938.6 mg/day at
12 months from the index date, might not have
been sufficient to obtain glycemic control at the
same levels as that in the drug-added group.
Taken together, the effect of increasing the
metformin dose on glycemic control may be
comparable to that of adding DPP-4i.

When comparing the results in this study to
previous studies, we found that the levels of
reduction in HbAc1 by adding DPP-4i to low-
dose metformin were similar to those in clinical
trials, although some differences were observed
among the studies, including the patient char-
acteristics, dose of metformin, and DPP-4i, and
the type of DPP-4i used in the studies [10–13].
Addition of DPP-4i to low-dose metformin
(500–1000 mg/day) has been shown to decrease
HbA1c levels to the extent of 0.55–0.64% [10] or
1.1% [11] after adding DPP-4i for 12 weeks,
0.8–1.2% after 14 weeks [13], and 0.49–0.60%
after 24 weeks [12]. In this study, in the drug-
added group, where no additional drugs were
prescribed, the amount of reduction was 0.86%,
0.79%, or 0.67% at 3 months, 6 months, or
12 months after the index date, respectively. In
clinical studies in real-world settings, the
reduction in HbA1c from baseline by increasing
the metformin dose from 500 mg/day or
750 mg/day to 1000 mg/day was reported to be
0.65% ± 0.7%, 0.87% ± 0.7%, and
0.42% ± 0.5% in all the patients, those previ-
ously prescribed 500-mg/day or 750-mg/day
metformin, respectively, at 6 months from
baseline (8.20% ± 0.68% of HbA1c) [14]. Our
study in patients with an increased metformin
dose showed a slightly greater reduction in
HbA1c levels, 1.00% at 6 months after the index
date; however, we consider this does not rep-
resent a significant different compared with the
previous study. In the aforementioned study,
the authors also reported that the reduction
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effect was smaller, 0.55% ± 0.62% from base-
line (8.20% ± 0.68%), when increasing the
metformin dose from 1000 to 1500 mg/day
compared with that from 500 to 1000 mg/day
[15]. On the other hand, Nishimura et al. ana-
lyzed the same database as our study (from
January 2011 to December 2015) [8] and
reported a change in HbA1c with different pre-
scription statuses at baseline from our study; the
metformin dose was limited to 500 mg/day, and
prescription of other antidiabetic drugs was
allowed. Even given those differences between
the two studies, they found a significant
decrease in HbA1c at 3 months, similar to our
study, and the reduction continued until
12 months after adding DPP-4i or with an
increased metformin dose. The amount of
decrease they found in HbA1c was 0.2 ± 0.9%
in the DPP-4i addition group and 0.3 ± 0.9% in
the increased metformin dose group at
12 months, a decrease smaller than what we
found in our study. They also reported that, in
the metformin monotherapy patients, no sig-
nificant decrease in HbA1c was observed when
the dose was increased up to 750 mg/day from
500 mg/day, and thus concluded that an
increase up to 750 mg/day was not sufficient.

Considering the differences in baseline
characteristics among treatment groups, aver-
age age was lower in the order of the increased-
dose group, drug-added group, and drug-swit-
ched group. The eGFR levels were highest in the
increased-dose group, followed by the drug-
added group and the drug-switched group. In
particular, kidney and liver functions are prone
to deteriorate in the elderly, and previous
studies have indicated that biguanides tend to
cause lactic acidosis in aged patients [19–21]. In
Japan, aging and a decline in renal function are
reported risk factors for lactic acidosis; however,
metformin itself is not a risk factor [22]. Our
results also suggest that the administration dose
of metformin should be determined by consid-
ering the characteristics of patients in clinical
practice.

In both the increased-dose group and the
drug-added group, the eGFR levels decreased
and the reduction was greater in the drug-added
group than that in the increased-dose group.
The eGFR levels during the baseline period were

highest in the increased-dose group, followed
by those in the drug-added group and then the
drug-switched group. The eGFR levels were one
of the confounding factors of the propensity
score; thus, the eGFR levels will possibly
decrease with an increase in the metformin dose
or with the addition of DPP-4i. However, for the
propensity score adjustment, factors that were
assumed to be confounding with the changes in
HbA1c, not in eGFR, were selected; therefore,
other factors associated with the change in
eGFR may not have been adjusted. Moreover,
when we stratified the eGFR during the baseline
period into predefined classes (\ 45; C 45
and\ 60; C 60 and\90; and C 90), we
noticed that the classes over 60 had a decreasing
trend, and the class for the range from 45 and\
60 had an increasing trend in all the treatment
groups. The differences among the groups were
not statistically significant at 12 months from
the index date in the primary study group
(Table S2). If we consider the possibility of
random error, the difference in eGFR during the
baseline period between the treatment groups
might be reflected in the change level in eGFR
at 12 months.

The information on diagnosis and treatment
was based on the records in the database, and
therefore a possible limitation of this study is
that an eventual lack and inaccuracy of the
records may affect the preciseness of the results.
The MDV database comprised data that were
only from DPC hospitals; patients who were
treated in clinics and small hospitals were not
included. Hence, the patients included in the
database may have a more severe disease status
of diabetes and/or more comorbidities than the
general Japanese patient population with T2D.
Furthermore, diagnoses and treatments con-
ducted in other medical facilities were not
recorded. Since we had included only those
patients with laboratory test values that were
available from a limited number of hospitals,
the number of samples was relatively restricted,
and thus selection bias might need to be taken
into account. In addition, we evaluated the
efficacy of the treatments in patients who were
previously receiving low-dose metformin but
the patients were not limited to those who had
inadequate glycemic control during low-dose
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metformin treatment. Therefore, patients who
changed treatment for reasons other than
inadequate glycemic control by low-dose met-
formin may have been included, and the rea-
sons might differ among different treatment
groups. However, in all the treatment groups,
the average level of HbA1c was[7%, and all the
patients had some reason for changing the
treatment. Thus, we consider this study is sig-
nificant for the evaluation of effects on gly-
cemic control in patients whose treatments
were changed from their initial treatments with
low-dose metformin in clinical practice.

We conducted confounding adjustment for
the factors seemingly related to the change in
HbA1c levels by using propensity score weight-
ing; however, not all necessary factors might be
adjusted because of the limitation of informa-
tion obtained from database. In addition, the
decision to change a prescription may have also
been influenced by the advent of new drugs on
the market during the treatment period.
Therefore, it is important to bear in mind that
the results using past data can present some
limitations when making changes in the pre-
scription decision process in the future, espe-
cially when new drugs may emerge and play a
significant role in this decision-making.

CONCLUSION

The effect on glycemic control when increasing
the metformin dose was studied in patients who
had been receiving low-dose metformin based
on an analysis of a Japanese claims database.
The effects of increasing the metformin dosage
were similar to those of adding DPP-4i or
switching from metformin to DPP-4i. Since in
Japan metformin is often used at low doses, the
results of our study indicate that increasing the
metformin dosage could be one of the next
treatment options in patients prescribed met-
formin in low doses as the first-line treatment.
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