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ABSTRACT

Introduction: Metformin has demonstrated
favorable effects on glycemic control in patients
with type 2 diabetes (T2D), regardless of the
body mass index (BMI). On the contrary,
dipeptidyl peptidase-4 inhibitors (DPP-4is) are
reportedly less effective in patients having high
BMI values (C 25 or C 30). The aim of this study
was to compare metformin and DPP-4is as first-
line treatment for their effects on glycemic
control and improvement of other health out-
comes among obese and non-obese Japanese
patients with T2D.
Methods: A Japanese health insurance claims
database that also included annual medical
checkup data was used. This database included
data on company employees who were

members of health insurance societies and their
family members. Most patients were
aged\65 years and most were men. Inclusion
criteria were: (1) a first T2D diagnosis between
May 2010 and June 2017; (2) either metformin
or a DPP-4i prescribed as the first-line antidia-
betic therapy; and (3) glycated hemoglobin
(HbA1c) and BMI data available for the 3-month
period immediately preceding the initiation of
antidiabetic treatment (baseline). The reduction
rate in excessive HbA1c ([6.5%; primary out-
come) and changes in fasting plasma glucose,
BMI, triglyceride, cholesterol, and abdominal
circumference (secondary outcomes) at
12 months from baseline were compared
between treatments.
Results: When evaluated relative to the base-
line BMI, the mean reduction rate in excessive
HbA1c tended to be higher in the metformin
group than in the DPP-4i group, especially in
patients with BMI C 25. Similarly, significant
improvement was observed in most outcomes
in obese patients prescribed metformin com-
pared to those prescribed a DPP-4i. In contrast,
in patients with BMI\ 25, HbA1c reduction
was greater in patients prescribed DPP-4i and
fewer outcomes showed significant improve-
ment in patients prescribed metformin.
Conclusion: In obese Japanese patients with
T2D, greater improvements in glycemic control
and other outcomes were seen with metformin
as first-line treatment for T2D compared with
DPP-4is, although some limitations regarding
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the database information should be consid-
ered.

Keywords: Body mass index; Database
research; Dipeptidyl peptidase-4 inhibitors;
Glycemic control; Metformin; Obesity; Type 2
diabetes

Key Summary Points

Why carry out this study?

Obesity is often associated with the
development of type 2 diabetes (T2D),
contributing to worsening diabetic
symptoms with increasing risk of
cardiovascular disease.

Metformin has been reported to have
favorable effects on glycemic control in
patients with T2D, regardless of their body
mass index (BMI); in contrast, dipeptidyl
peptidase-4 inhibitors (DPP-4is) are
reportedly less effective in obese patients.

This study compared metformin and
DPP-4is as first-line treatment for their
effects on glycemic control and
improvement of other health outcomes
among obese and non-obese Japanese
patients with T2D.

What was learned from the study?

Mean reduction rate of excessive glycated
hemoglobin ( HbA1c[6.5%) tended to be
higher in the metformin group than in
the DPP-4i group, especially if the BMI C
25, and significant improvement was
observed in most outcomes in obese
patients (BMI C 25) who were prescribed
metformin compared to those who were
prescribed DPP-4i.

The results suggest that the effect on
glycemic control and improvement in
other health outcomes was higher with
metformin treatment as a first-line drug
compared with DPP-4is in Japanese obese
patients with T2D.

DIGITAL FEATURES

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.14785734.

INTRODUCTION

Obesity is often associated with the develop-
ment of type 2 diabetes (T2D) and contributes
to worsening diabetic symptoms and increasing
risk of cardiovascular disease. In 2016, the
number of patients with and prevalence of T2D
in Japan was estimated to be around 10 million
and 12.1%, respectively [1]. T2D has become a
major health issue in Japan, with the number of
patients with both obesity and T2D increasing.
In addition, the mean body mass index (BMI)
has been increasing to around 25 and main-
tained over years in patients with T2D [2]. To
achieve the treatment goals for T2D—preven-
tion of complications and maintenance of
quality of life and life expectancy equivalent to
that of healthy people [3, 4]—appropriate
treatment that considers the conditions of each
patient, including BMI, is crucial.

Metformin has been reported to have a
favorable effect on glycemic control in patients
with T2D regardless of obesity in both an
observational study [5] and a clinical trial [6] in
Japan. This oral antidiabetic agent, first mar-
keted in Japan in 1961, is in the biguanide drug
class and controls blood glucose mainly by
suppressing gluconeogenesis in the liver [7].
Metformin is recommended as a first-line
antidiabetic drug in patients with T2D in Wes-
tern countries based on evidence that it
decreases the risk of cardiovascular complica-
tions [8] and provides a number of other bene-
fits, including a high efficacy for lowering
glucose, low cost, and minimal hypoglycemia
risk [9].

A decrease in the glycemic control effect has
been reported in a meta-analysis of various
types of dipeptidyl peptidase-4 inhibitors (DPP-
4is) [10] and in an observational study on
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sitagliptin (a type of DPP-4i) [11] involving
patients with T2D having high baseline BMI
values (C 25 or C 30). The results of a Japanese
observational study suggested that a higher BMI
is associated with a deterioration of glycemic
control based on multiple linear regression
analysis [12]. Another Japanese observational
study indicated that sitagliptin is effective in
obese patients with T2D; however, the effect
may be attenuated in patients with BMI C 30
[13]. Introduced into Japan in 2009, DPP-4is
contribute to glycemic control by increasing the
concentration of active forms of incretin hor-
mones, such as glucagon-like peptide-1 and
glucose-dependent insulinotropic polypeptide,
which are secreted after a meal to increase
insulin secretion by the selective inhibition of
DPP-4is [14]. DPP-4is are the most commonly
used first-line antidiabetic agents in Japan
because of multiple factors, including ease of
use in patients with complications such as renal
impairment [15]. Considering the increasing
BMI values in patients with T2D in Japan and
the differences in the effect of different treat-
ments for glycemic control in patients with
obesity, information to select the appropriate
treatment in such patients is required to achieve
the treatment goals. However, to date there is
insufficient information available to compare
the effect of metformin and DPP-4is, which are
the first and second most common first-line
antidiabetic drugs, respectively, in Japanese
patients with T2D with high BMI values.

In this study we compared the effects of
metformin and DPP-4is as first-line treatment
on glycemic control in patients with T2D
stratified by their BMI values who were included
in a Japanese database that includes claims data
and annual medical checkup data. The study
also compared the effect of metformin and DPP-
4is on improvement of other health outcomes,
such as laboratory test values and BMI. The aim
of this study was to provide information that
will aid clinicians in selecting the appropriate
first-line treatment drug; thus, the study period
included the period after initial treatment,
regardless of whether the first-line treatment
was prescribed as monotherapy or not. Notably,
the World Health Organization (WHO) defines
the international cutoff point for overweight as

BMI C 25 and for obesity as C 30 [16–18]. Fur-
thermore, WHO suggests applying lower cutoff
points for Asian individuals due to their higher
body fat percentage and obesity-related risks
compared to populations in European countries
at the same BMI [17, 18]. Therefore, we defined
the cutoff value for obesity at BMI C 25
according to the definition of obesity by the
Japan Society for the Study of Obesity [19].

METHODS

Study Design and Data Source

This retrospective cohort study used a Japanese
health insurance claims database (January
2005–August 2018) provided by JMDC, Inc. The
database consisted of data from 5,840,945
individuals who were employees (and their
family members) of companies that subscribe to
the health insurance societies; few individuals
in the database were aged C 65 years and even
fewer were aged C 75 years. The database com-
prised comprehensive records of all diagnoses
and treatments during the period when the
member was covered with one insurance soci-
ety. Although the database did not contain
laboratory data, it did contain annual medical
checkup data for some individuals.

This study has been reported according to
the REporting of studies Conducted using
Observational Routinely-collected health Data
(RECORD) Statement [20]. The study was
approved by the Institutional Review Board of
Tokyo Medical University (T2019-0122). Since
the study only used anonymized pre-existing
data in the database, informed consent was not
required [21]. The data that support the findings
of this study are available from JMDC Inc.
Restrictions apply to the availability of these
data, which were used under license for this
study. Data are available from the authors with
the permission of JMDC Inc.

Patient Identification

Patients identified for the analyses were those
who met all of the inclusion criteria and did not
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meet any exclusion criteria. The inclusion cri-
teria were:

(1) A first diagnosis of T2D coded as E10 or E14
based on the International Statistical Clas-
sification of Diseases and Related Health
Problems, 10th revision (ICD-10) [22]
between May 2010 and June 2017. First
diagnosis was defined as the earliest diag-
nosis during the observation period
with C 6 months of a retrospective review
period before the diagnosis. The observa-
tion period was defined as the insurance
period for each individual.

(2) Age C 18 years at first diagnosis of T2D.
(3) Metformin or a DPP-4i [defined by the

generic name; see Electronic Supplemen-
tary Material (ESM) Table S1 for details]
prescribed as the index drug, and no
prescription for any other antidiabetic
drugs during the index month. The type
of drug prescribed as the first antidiabetic
drug (metformin or DPP-4i) after the diag-
nosis of T2D was defined as the index drug.
The antidiabetic drug was coded as A10,
according to the Anatomical Classification
of Pharmaceutical Products (ATC) code.
The index month was defined as the first
month the index drug was prescribed.

(4) Data on laboratory values of glycated
hemoglobin (HbA1c), both during the
baseline period (a 3-month period includ-
ing the index month and 2 months before
the index month) and evaluation point (at
the month of evaluation, which was
12 months (± 3 months) from the index
month).

(5) Data on BMI values during the baseline
period.

The exclusion criteria were:

(1) Diagnosis of type 1 diabetes at least once,
coded as E10, during the observation
period.

(2) Administration of steroids for internal use
during the baseline period or evaluation
period, which refers to the duration from
the index month to the evaluation point,
because steroids can influence the glucose-
lowering effect of the drugs prescribed.

(3) Prescription for metformin by a Depart-
ment of Obstetrics or Breast Surgery, pos-
sibly for reasons other than diabetes
treatment.

(4) Prescription for metformin or DPP-4is out-
side the normal dose range during the
evaluation period (see ESM Table S1 for
details)

The identified patients were divided into two
groups based on the type of index drug, i.e.,
metformin and DPP-4i groups. All identified
patients were analyzed as those in each group,
regardless of whether they maintained the same
treatment pattern for the initial treatment or
not.

Outcomes

Annual medical checkup data were used to
evaluate the outcomes. The primary outcome
was the mean reduction rate of excessive HbA1c
([6.5%) at the evaluation point, which was
plotted according to integer values of baseline
BMI. It has been reported that the magnitude of
change in HbA1c level is associated with base-
line HbA1c levels, i.e., higher baseline values are
associated with a greater reduction in HbA1c
[23]. Therefore, the primary outcome was
defined as the glycemic control effect, i.e.,
reduction in excessive HbA1c. To eliminate the
effect of baseline HbA1c levels, the reduction
was calculated from a value of 6.5%, which is
considered to be the cutoff point for the diag-
nosis of diabetes [4, 24]. The reduction rate of
excessive HbA1c was calculated as follows:

Reduction rate of excessiveHbA1c ð%Þ
¼ 1� ðHbA1c12 � 6:5Þ=ðHbA1c0 � 6:5Þ;

where HbA1c0 and HbA1c12 represent HbA1c
at baseline and at the evaluation point,
respectively.

Secondary outcomes were the changes from
baseline to the evaluation point in the follow-
ing laboratory values or in anthropometric data:
HbA1c, fasting plasma glucose (FPG), BMI,
triglyceride, high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), and abdominal circumference, as
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well as the percentage of patients who achieved
target HbA1c (\ 7.0%) and percentage of
patients who took additional therapy at the
evaluation point. The additional therapy was
defined as added treatment with antidiabetic
drug or drugs other than the index drug during
the evaluation period, regardless of whether the
index drug was prescribed or not. As additional
secondary outcomes, the values for primary and
secondary outcomes were also compared
between treatment groups by dividing the
patients into those with BMI \ 25 and C 25,
respectively, after confirming the continuity
and tendency of mean values of outcomes by
baseline BMI values.

Analysis

The mean values were plotted by integer values
of the baseline BMI by treatment group for each
outcome after adjusting confounding factors of
the treatment groups using propensity score
(PS) to confirm the continuity and tendency of
the mean values. We also examined the corre-
lation between the mean reduction rate of
excessive HbA1c at the evaluation point and the
baseline BMI values for which the number of
patients was C 30 in both treatment groups, by
the least squares method for each treatment
group or the difference between treatment
groups.

Next, each outcome was compared between
treatment groups by dividing the patients into
those with BMI\25 and those with BMI C 25.
Confounding factors were adjusted by PS in
each patient group of BMI\ 25 and C 25. The
difference between treatment groups was asses-
sed by the t test. Throughout the study, p\0.05
by the t test was statistically significant.

The PS was separately developed for those
patients with BMI\25 and those with BMI
C 25. The score was estimated using a logistic
regression model with metformin prescription
as the explained variable, and the following
items at baseline as the explanatory variables:
age; sex; annual checkup data (systolic blood
pressure, triglycerides, LDL-C, aspartate amino-
transferase, alanine aminotransferase, hemo-
globin, abdominal circumference, and urinary

protein); answers to annual checkup question-
naires on lifestyle (excluding items for which\
70% patients had records; see ESM Table S2 for
details); existence of diagnosis with endocrine
diseases; existence of diagnosis with malignant
neoplasms; and Charlson Comorbidity Index
[25, 26]. Missing data for the explanatory vari-
ables were imputed by the multiple imputation
method using the SAS PROC MI procedure (SAS
Institute, Cary, NC, USA). For the adjustment,
the weight of each patient was calculated by
dividing the total number of patients in both
treatment groups in the quintile by the number
of patients in the treatment group in the quin-
tile (see ESM Table S3 for details) [27].

To explore the reasons for the higher per-
centage of additional therapy in the metformin
group than that in the DPP-4i group, the status
of change in treatment (combination, switch, or
discontinuation) by dosage of metformin at first
prescription was analyzed in the metformin
group. In this analysis, if metformin was pre-
scribed for 2 consecutive months from the same
month as the first prescription of another
antidiabetic drug(s) (defined as A10 by ATC
code), change in treatment was defined as a
combination therapy; if not, change in treat-
ment was defined as a switch therapy. If
patients did not receive any antidiabetic drugs
for C 3 consecutive months, the change in
treatment was defined as discontinuation.

For analyses in this study, The SAS statistical
software package version 9.4 (SAS Institute) and
Microsoft Excel 2016 (Microsoft Corp., Red-
mond, WA, USA) were used.

RESULTS

Patients

Among the 166,278 patients diagnosed with
T2D between May 2010 and June 2017 in the
database, 2548 patients, including 189 patients
with BMI\25 and 588 patients with BMI C 25
taking metformin and 697 with BMI\ 25 and
1074 with BMI C 25 taking DPP-4i, were iden-
tified (Tables 1, 2).

The patient attributes and laboratory test
data at baseline in each treatment group
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stratified by BMI are shown in Table 2. Mean
[standard deviation (SD)] age at index was 53.1
(7.4) and 54.3 (7.4) years in the metformin and
DPP-4i groups, respectively, with BMI\ 25, and

48.1 (7.6) and 50.2 (7.7) years, respectively, with
BMI C 25 (Table 2). The mean (SD) HbA1c level
tended to be higher in the DPP-4i group than in
the metformin group in patients with BMI\25
[8.02% (1.80%) vs. 7.87% (1.60%), respectively],
whereas it tended to be higher in the metformin
group in patients with BMI C 25 [8.13% (1.65%)
vs. 7.96% (1.53%)]. In comparison with the
baseline BMI values of these patients, in both
treatment groups those with baseline BMI C 25
had higher mean values for all analyzed labo-
ratory and anthropometric data except for
HbA1c than those with BMI\25.

Among the checkup questionnaires on life-
styles, eating habits (snack between meals, data
available for 24% patients) and mastication
function (data available for 0% patients) were
excluded for PS development due to insufficient
data (see ESM Table S2 for details). The number
of patients in each quintile of PS are shown in
ESM Table S3.

Comparison of Outcomes by Each Integer
Value of Baseline BMI

The mean reduction rate of excessive HbA1c by
integer values of baseline BMI by treatment
group is shown in Fig. 1a. The value was dis-
tributed successively, without any marked
transition points. It was higher in the met-
formin group than in the DPP-4i group for the
most of baseline BMI values; in particular for
the points denoting BMI C 25. No correlation,
as suggested by a low R2 value, was found
between the mean reduction rate and baseline
BMI values for both treatment groups (Fig. 1b)
and the difference between the treatment
groups that was calculated as (value of met-
formin group) - (value of DPP-4i group)
(Fig. 1c).

Successive distribution of the mean values
was also observed for secondary outcomes (see
ESM Fig. S1 for details). A tendency for greater
improvement from baseline was observed in
some values, including the HbA1c, FPG, and
BMI at the evaluation point in the metformin
group compared with those in the DPP-4i group
for many integer values of baseline BMI C 25.

Table 1 Patient identification criteria

Criteria No. of
patients

All individuals in the database 5,840,945

First diagnosis of T2D coded as E10 or E14

based on the ICD-10 between May 2010

and June 2017

166,278

Age C 18 years at the first diagnosis of T2D 163,054

Prescribed either metformin or DPP-4i as

index drug, and no prescription of

antidiabetic drugs coded as A10 by ATC

code other than the index drug during the

month of the initial treatment

19,352

Laboratory values of HbA1c available both

during baseline period and evaluation

point of outcomes: after 12 months (±

3 months) from the index month

3,303

Laboratory values of BMI available during

baseline period

3,303

No diagnosis of T1D coded as E10 during

the observation period

3,273

No prescription of steroids for internal use

during the baseline period and evaluation

period

2,972

No prescription of metformin from a

Department of Obstetrics or for breast

surgery

2,962

No prescription of metformin or DPP-4i

outside the normal dose during the

evaluation period

2,548

ATC Anatomical classification of pharmaceutical products,
BMI body mass index, DPP-4i dipeptidyl peptidase-4
inhibitors, HbA1c glycated hemoglobin, ICD-10 Interna-
tional Statistical Classification of Diseases and Related
Health Problems, 10th revision, T1D type 1 diabetes, T2D
type 2 diabetes
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Comparison of Outcomes Stratified
by BMI ‡ 25 at Baseline

Because there was no specific transition point of
baseline BMI values for each outcome (Fig. 1;
ESM Fig. S1), the patients were divided into
non-obesity and obesity groups, with the
threshold being BMI 25 at baseline, in accor-
dance to the definition of obesity by the Japan
Society for the Study of Obesity [19]. In patients
with BMI C 25, the reduction rate of excessive
HbA1c was significantly higher in the met-
formin group than in the DPP-4i group (70.8 vs.
49.8%, respectively; p = 0.013; Table 3). Most
test values, excluding those for triglycerides and
LDL-C, showed a statistically significant greater
improvement in the metformin group than in
the DPP-4i group. The percentage of patients
who achieved target HbA1c level was also
higher in the metformin group than in the DPP-
4i group (64.4 vs. 59.6%, respectively;
p = 0.031). The outcomes with statistically

significant difference between the treatment
groups were fewer in patients with BMI \ 25
than those with BMI C 25. The reduction rate of
excessive HbA1c, BMI, and abdominal circum-
ference were more improved in the metformin
group than in the DPP-4i group. In contrast,
improvement in HbA1c was significantly
greater in the DPP-4i group (1.20% reduction)
than in the metformin group (0.90% reduction;
p = 0.006). The percentage of patients with an
additional therapy was significantly higher in
both metformin groups (i.e., patients with
BMI\25 and C 25 ; 28.3 and 30.6%, respec-
tively) compared with the DPP-4i groups (20.4
and 21.5%, respectively; p = 0.012 and
p\0.001, respectively).

Relationship of Additional Therapy
and Metformin Dose

To explore the use of additional therapy for
patients in the metformin group, we

Table 2 Baseline demographic and laboratory data for patients stratified by BMI

Patient data BMI < 25 BMI ‡ 25

MET DPP-4i MET DPP-4i

Number of patients 189 697 588 1,074

Male patients (%) 83.6 82.2 85.7 85.7

Age at index (years) 53.1 ± 7.4 54.3 ± 7.4 48.1 ± 7.6 50.2 ± 7.7

HbA1c (%) 7.87 ± 1.60 8.02 ± 1.80 8.13 ± 1.65 7.96 ± 1.53

BMI (kg/m2) 23.0 ± 1.5 22.6 ± 1.7 30.0 ± 4.2 29.2 ± 3.7

SBP (mmHg) 125 ± 16 128 ± 17 131 ± 17 131 ± 16

Triglyceride (mg/dl) 140 ± 98 145 ± 120 167 ± 128 166 ± 121

LDL-C (mg/dl) 117 ± 29 120 ± 31 122 ± 30 123 ± 31

AST (U/L) 24.0 ± 12.7 24.6 ± 12.6 31.5 ± 21.1 30.1 ± 18.0

ALT (U/L) 27.9 ± 17.6 27.7 ± 19.5 43.8 ± 32.3 40.6 ± 28.2

Hemoglobin (g/dl) 14.8 ± 1.2 14.8 ± 1.3 15.4 ± 1.3 15.4 ± 1.3

Abdominal circumference (cm) 82.9 ± 5.8 81.9 ± 6.1 97.3 ± 10.8 95.7 ± 9.5

Values in table are presented as the mean ± standard deviation
ALT Alanine aminotransferase, AST aspartate aminotransferase, LDL-C low-density lipoprotein cholesterol, MET met-
formin, SBP systolic blood pressure
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investigated the status of additional therapy by
the initial dose of metformin. The most fre-
quent dose both at first prescription and after
1 year from the index month was 500 mg/day in
all patients and in those with BMI\25 and
C 25 (see ESM Table S4 for details). Mean met-
formin dose at first prescription was 638, 635,
and 639 mg/day in all patients, those with
BMI\25, and those with BMI C 25, respec-
tively; and the dose after 1 year from the index
month, excluding those with no prescription of
metformin at the time, was 805, 736, and
827 mg/day, respectively.

There were 659 and 118 patients in the
metformin group who received B 750 and C

1000 mg/day as initial treatment, respectively
(see ESM Table S4 for details). The percentage of
patients who took combination therapy was
significantly higher in those receiv-
ing B 750 mg/day of metformin (15.3%) than
in those taking C 1000 mg/day metformin
(9.3%; p = 0.023). The percentage of patients
with switch therapy and discontinuation was
higher in patients taking C 1000 mg/day (18.6
and 33.9%, respectively) than in those taking B

750 mg/day (16.1 and 28.2%, respectively), but
the differences were not statistically significant
(p = 0.254 and p = 0.114, respectively).

DISCUSSION

The aim of this study was to compare met-
formin and DPP-4is as first-line treatment in
Japanese patients with T2D to investigate the
effects of these antidiabetics on glycemic con-
trol and the improvement of health outcomes
in obese and non-obese patients using a claims
database that included annual medical checkup

bFig. 1 Mean reduction rate of excessive HbA1c plotted
according to baseline integer BMI values by treatment
group in all patients (a) and in patients with BMI 22–33
(b) with trend line, equation, and R2 value. c Difference
between treatment groups (metformin - DPP-4i) at BMI
22–33 with trend line, equation, and R2 value. BMI Body
mass index, DPP-4i dipeptidyl peptidase-4 inhibitor,
HbA1c glycated hemoglobin A, MET metformin

2172 Diabetes Ther (2021) 12:2165–2177



data. The mean reduction rate of excessive
HbA1c plotted based on baseline integer BMI
values distributed successively and without any
marked transition points in both treatment
groups. The values tended to be higher in the
metformin group than in the DPP-4i group,
particularly in patients with BMI C 25.

In the patient groups with BMI C 25, a
higher reduction rate of excessive HbA1c,
greater reduction in HbA1c level, and higher
percentage of patients who achieved target
HbA1c were observed in the metformin group
compared with the DPP-4i group. In contrast, in

the patient groups with BMI\25, although the
reduction rate of excessive HbA1c was higher in
the metformin group, the reduction in HbA1c
level was greater in the DPP-4i group, and no
significant difference was observed in the per-
centage of achieved target HbA1c between
treatment groups. Metformin has been reported
to show a glycemic control effect regardless of
BMI values [5, 6], whereas a decrease in the
effect associated with higher baseline BMI val-
ues has been reported for DPP-4is [10, 11].
Considering these previous reports, in patients
with BMI\25, a glycemic control effect was

Table 3 Comparison of outcomes between treatment groups stratified by BMI

Treatment
outcomesa

BMI < 25 BMI ‡ 25

MET (M) DPP-4i (D) M 2 D p value MET (M) DPP-4i (D) M 2 D p value

Reduction rate of

excessive HbA1c

(%)

79.2 (8.40) 60.0 (7.70) 19.1* 0.046 70.8 (7.16) 49.8 (6.16) 21.0* 0.013

D HbA1c (%) - 0.90

(0.10)

- 1.20

(0.06)

0.30* 0.006 - 1.14

0.06)

- 0.92

(0.05)

- 0.22* 0.003

% Target HbA1c

(\ 7%)

achievement

68.1 (3.43) 68.8 (1.75) -0.7 0.428 64.4 (2.05) 59.6 (1.48) 4.7* 0.031

D FPG (mg/dl) - 22.4

(3.32)

- 27.7

(2.05)

5.3 0.085 - 28.4

(2.08)

- 21.7

(1.64)

- 6.8* 0.005

D BMI (kg/m2) - 0.34

(0.08)

- 0.13

(0.04)

- 0.21* 0.008 - 0.64

(0.06)

- 0.46

(0.05)

- 0.18* 0.006

D Triglyceride

(mg/dl)

- 31.1

(9.79)

- 37.8

(6.09)

6.7 0.282 - 45.5

(6.83)

- 36.8

(4.43)

- 8.7 0.142

D HDL-C (mg/dl) 1.69 (0.55) 1.52 0.30) 0.17 0.393 1.98 (0.26) 1.37 (0.22) 0.61* 0.035

D LDL-C (mg/dl) - 11.5

(2.28)

- 13.7

(1.33)

2.2 0.205 - 15.1

(1.43)

- 12.6

(0.96)

- 2.6 0.068

D Abdominal

circumference

(cm)

- 0.91

(0.22)

- 0.48

(0.13)

- 0.43* 0.049 - 1.54

(0.18)

- 1.11

(0.13)

- 0.43* 0.027

% Additional therapy 28.3 (3.10) 20.4 (1.57) 7.9* 0.012 30.6 (1.82) 21.5 (1.28) 9.2* 0.000

Values in table are presented as the mean with the standard error in parentheses
FPG Fasting plasma glucose, HDL-C high-density lipoprotein cholesterol
* Signficantly significant difference at p\ 0.05
a Change in values from baseline to evaluation point (12 ± 3 months) are indicated using delta (D)
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shown with both treatments; meanwhile, for
patients with BMI C 25, a similar effect was
shown by the treatment with metformin, and
the effect decreased in the group treated with
DPP-4is, resulting in a more significant hypo-
glycemic effect in the metformin group com-
pared with the DPP-4i group.

In this study, the decrease in HbA1c level
(0.90 and 1.14% for patients with BMI\ 25 and
BMI C 25, respectively) was smaller than that in
a previous study, with a mean age 58.0 years,
62.2% male, mean baseline HbA1c level of
7.72%, and 49.4% of participants with BMI C 25
[6]. In that study, relative to baseline the HbA1c
level decreased by 1.33% in patients with
BMI\22, by 1.18% in those with BMI C 22 and
\ 25, and by 1.38% for BMI C 25 at the final
evaluation ([54 weeks) among patients treated
with metformin monotherapy. This discrep-
ancy from our results is probably due to the
differences in patient characteristics and evalu-
ation time from baseline. In addition, the dose
of metformin may be associated with this dif-
ference between studies. In the previous study
[6], of the 80 patients receiving metformin, 62
received 1500 mg/day and 15 received
2250 mg/day as the most common dose. In the
current study, most patients started metformin
at 500 mg/day, and most patients were still
taking\ 1000 mg/day at the evaluation point.

In terms of the metformin dose, the effect on
reduction in HbA1c level was reported to be
similar between monotherapy with metformin
at 1000 mg/day and with vildagliptin at
100 mg/day [28, 29]. Considering the met-
formin dose in this study, a lower reduction in
HbA1c level in patients in the metformin group
than in those in the DPP-4i group in patients
with BMI\25 is reasonable. We observed that
patients in the metformin group with BMI C 25
showed a greater effect of reduction in HbA1c
level as well as improvement in other outcomes,
including BMI, abdominal circumference,
triglyceride, and HDL-C, than their BMI coun-
terparts in the DPP-4i group, even though the
metformin dose was low in these patients.
Consequently, preferable effect by treatment
with metformin was confirmed in obese
patients.

This study had several limitations. Because
the study participants were members of a health
insurance society and had a record of annual
medical checkups, most were aged\65 years
and there was a high percentage of men
([80%). Consequently, the generalizability of
the results may be limited. Also, the PS was
calculated using various items, including test
values and annual checkup questionnaires on
lifestyle, to adjust for the confounding factors.
Because T2D is a lifestyle-related disease the
inclusion of information on lifestyle may be
one of the strengths of this study. However,
because the study could include information
only from the database, not all important con-
founders may have been included. In addition,
because this study was based on the secondary
use of claims data, the accuracy of diagnoses,
treatments, and annual checkup data relies on
the accuracy of the database records. Moreover,
the reliability of answers to annual checkup
questionnaires on lifestyle depends on the
extent with which the patient answered vera-
ciously. Although these limitations should be
taken into account, to the authors’ best
knowledge, this study is the first to compare the
effect on glycemic control between metformin
and DPP-4i as a first-line antidiabetic treatment
in patients with T2D by BMI values. Thus, this
study may be expected to contribute to deci-
sion-making when choosing a first-line antidi-
abetic treatment in this patient population.

CONCLUSION

The results of this study suggest that the effect
of glycemic control and improvement in other
health outcomes, including obesity, is higher
with metformin treatment as a first-line drug
than with DPP-4is in Japanese obese patients
with T2D. We believe that this finding provides
information that will help clinicians choose an
appropriate treatment when considering the
conditions for each patient, including BMI
value. Further studies on metformin dosage and
concomitant antidiabetic drugs may be expec-
ted to reveal the effect of metformin in obese
patients with T2D.
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