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ABSTRACT

Introduction: To compare the efficacy and tol-
erability of dapagliflozin with those of sitaglip-
tin and metformin in patients with type 2
diabetes who have never received glucose-low-
ering agents.
Methods: In this randomized, 12-week, open-
label, active-controlled trial, 32 patients were
randomly assigned to receive dapagliflozin
5 mg, sitagliptin 50 mg, or metformin 1000 mg
per day for 12 weeks. At baseline and at week 12,
the patients underwent a meal tolerance test
(MTT).

Results: After 12 weeks of treatment, the
changes in fasting and postprandial plasma
glucose and plasma glucose area under the
curve (AUC)0–120 min levels during the MTT
from baseline were significantly improved in
the three study groups, and there were no sig-
nificant differences among the three study
groups (P\0.05). The mean changes in gly-
cated hemoglobin (HbA1c) from baseline to
week 12 were - 0.96%, - 1.24%, and - 1.40%
in the dapagliflozin, sitagliptin, and metformin
groups, respectively. Although there was no
significant difference among the three study
groups, the lowering effect of HbA1c tended to
be greater in the metformin group than in the
dapagliflozin group. In contrast, the insulin
AUC0–120 min levels at week 12 significantly
decreased only in the dapagliflozin group
(P = 0.049). Similarly, body weight was signifi-
cantly reduced only in the dapagliflozin group
(- 2.1 kg [- 2.7%], P = 0.047). Moreover,
dapagliflozin significantly improved serum adi-
ponectin levels (P = 0.003). However, there
were no significant differences in the changes in
these glycemic and metabolic parameters
among the three study groups. No serious
adverse events were documented in any group.
Conclusions: Dapagliflozin exerted beneficial
effects similar to sitagliptin and metformin on
glycemic parameters. In addition, dapagliflozin
significantly reduced body weight and insulin
AUC levels and improved serum adiponectin
levels. Therefore, we suggest that these three
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hypoglycemic agents could be viable first-line
medications for drug-naı̈ve Japanese patients
with type 2 diabetes.
Trial Registration: University Hospital Medical
Information Network (UMIN000024427).

Keywords: Sodium-glucose cotransporter 2
(SGLT2) inhibitor; Dapagliflozin; Sitagliptin;
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Key Summary Points

Why carry out this study?

Currently, the first-line medications for
type 2 diabetes have not been clarified in
the guidelines or algorisms in Japan

Sodium-glucose cotransporter 2 (SGLT2)
inhibitors have become an early
recommended drug for patients with type
2 diabetes at a high risk of cardiovascular
events; however, its effectiveness as a first-
line medication for Japanese patients with
newly diagnosed type 2 diabetes with no
history of cardiovascular events is unclear

The aim of the present study was to
compare the efficacy of dapagliflozin with
those of sitagliptin and metformin, on
plasma glucose and insulin levels and
related biomarkers during a meal
tolerance test in drug-naı̈ve Japanese
patients with type 2 diabetes

What was learned from the study?

After 12 weeks of treatment, dapagliflozin
exerted beneficial effects similar to
sitagliptin and metformin on glycemic
parameters and significantly reduced body
weight and insulin levels

These results suggest that along with
metformin and dipeptidyl peptidase-4
(DPP-4) inhibitors, SGLT2 inhibitors could
be a viable first-line treatment option for
drug-naı̈ve Japanese patients with type 2
diabetes because of their optimum
glucose-lowering properties, ability to
avoid hypoglycemia or weight gain, and
tolerability over a wide range of ages

INTRODUCTION

In Japan, the estimated number of patients with
diabetes is [ 10 million and continues to
increase [1]. In previous trials, the United
Kingdom Prospective Diabetes Study (UKPDS)
clarified the importance of early intensive glu-
cose therapy in patients with newly diagnosed
type 2 diabetes to reduce the risk of microvas-
cular complications [2]. The Steno-2 Study and
the Japan Diabetes Optimal Integrated Treat-
ment study for three major risk factors of car-
diovascular diseases (J-DOIT3) revealed the
importance of multifactorial risk reduction,
including not only glycemic control but also
blood pressure and lipid level reduction and
other metabolic management focusing on
macrovascular risk mitigation among patients
with type 2 diabetes [3, 4]. However, there is
concern that intensive glucose-lowering ther-
apy, particularly in patients with type 2 diabetes
at a high risk for cardiovascular events, may be
associated with adverse cardiovascular out-
comes [5]. Based on these results, the manage-
ment of diabetes needs to consider not only
glycemic control but also various complica-
tions, and it is extremely important to avoid
hypoglycemia and weight gain.

Sodium-glucose cotransporter 2 (SGLT2)
inhibitors enhance urinary glucose excretion,
which consequently reduces hyperglycemia [6].
They exert favorable effects on various
biomarkers, including blood glucose, body
weight [7], blood pressure [8], albuminuria
[9, 10], and fatty liver [11, 12]. In addition to
these effects, several large placebo-controlled
cardiovascular and renal outcome trials in
patients with type 2 diabetes have revealed that
SGLT2 inhibitors may reduce the risk of heart
failure, diabetic kidney disease, and cardiovas-
cular death [13–17]. Based on these findings, in
recent years, American and European diabetes
and cardiology society guidelines and consen-
sus reports recommend the use of SGLT2 inhi-
bitors for patients with type 2 diabetes who
have atherosclerotic cardiovascular disease
(ASCVD) or those at risk [18, 19]. Although
SGLT2 inhibitors have become an early recom-
mended drug for patients with type 2 diabetes
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at a high risk of cardiovascular events, its
effectiveness as a first-line medication for Japa-
nese patients with newly diagnosed type 2 dia-
betes with no history of cardiovascular events is
unclear.

Accordingly, the aim of the present study
was to compare the efficacy and tolerability of
dapagliflozin, an SGLT2 inhibitor, with those of
sitagliptin and metformin, on plasma glucose
and insulin levels and related biomarkers and
hormones during a meal tolerance test (MTT) in
drug-naı̈ve Japanese patients with type 2
diabetes.

METHODS

Participants

We enrolled participants from the Ogawa Red
Cross Hospital in Japan between July 2017 and
May 2020. The participants included in the
study were adult patients aged 20 years or older
with type 2 diabetes who had never received
glucose-lowering agents and had a body mass
index (BMI) of 18–40 kg/m2 besides a glycated
hemoglobin (HbA1c) level between 6.5 and
11.0%. The exclusion criteria included an esti-
mated glomerular filtration rate (eGFR)
of\ 45 ml/min/1.73 m2, serum creatinine
level[1.5 mg/dl, history of serious diabetic
complications, findings suggestive of insulin
dependency, heart failure, and history of
myocardial or cerebral infarction. This study
complied with the Declaration of Helsinki and
Good Clinical Practice guidelines and was
approved by the Institutional Review Board of
Ogawa Red Cross Hospital (no. OGA-
WARIN029). All participants provided written
informed consent prior to enrollment.

Study Design

This was a randomized, 12-week, open-label,
single-center, active-controlled trial. This trial
was registered with the University Hospital
Medical Information Network Clinical Trials
Registry (UMIN000024427). Eligible partici-
pants were randomly assigned (1:1:1) using a

computer-generated block randomization
sequence to receive dapagliflozin, sitagliptin, or
metformin for 12 weeks of study treatment.
During the 4-week run-in period, all partici-
pants underwent diet and exercise therapy. At
the start of the treatment period, all participants
were administered Japanese standard dosages of
dapagliflozin (5 mg) or sitagliptin (50 mg) orally
once daily before breakfast and metformin
(500 mg) orally twice daily (1000 mg per day)
before breakfast and dinner; no dosage adjust-
ments were made during the study. However, if
the participants in the metformin group who
received 1000 mg per day as an initial dose
experienced side effects, such as diarrhea, then
the dose was decreased to 500 mg per day
within 7 days. The dosages of these glucose-
lowering agents may be approximately half of
those administered in Western countries.
However, we intentionally adopted the stan-
dard dosages of these agents because our aim
was to determine a suitable first-line
medication.

Meal Tolerance Tests

At the start of the 12-week treatment period and
at the end, the participants underwent an MTT.
After basal blood sampling, the participants
consumed a Japanese food test meal comprising
white rice, a main dish, side dish, salad, and
miso soup. The total energy content of the test
meal was approximately 480 kcal, with 73.2 g of
carbohydrates, 20.5 g of protein, and 10.7 g of
fat (60% carbohydrates, 18% protein, and 22%
fat). Blood samples were obtained 60 and
120 min after the meal began. At the end of the
treatment period, we confirmed that the par-
ticipants took the study drugs before having the
test meal. The test meals were provided by the
Department of Nutrition, Ogawa Red Cross
Hospital. A similar menu was offered to all
participants.

Study Outcomes

All patients underwent an assessment of height,
body weight, and blood pressure, besides pro-
viding blood samples for routine biochemical
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tests, including lipid level measurement and
liver and renal function analyses.

The primary outcomes were considered as
changes from the patient’s baseline fasting and
postprandial plasma glucose at week 12. The
key secondary outcomes were considered as
changes in HbA1c, body weight, fasting and
postprandial plasma insulin, plasma glucose
area under the curve 0–120 min (AUC0–120 min),
insulin AUC0–120 min, fasting plasma proinsulin/
insulin ratio, and serum adiponectin at week 12
from the patient’s baseline. Additional out-
comes included changes in homeostasis model
assessment of b-cell function (HOMA-b),
homeostasis model assessment of insulin resis-
tance (HOMA-IR), serum creatinine, eGFR,
hematocrit, serum lipids, hepatobiliary
enzymes, and blood pressure at week 12 from
baseline.

Statistical Analysis

Data are presented as mean ± standard devia-
tion (SD). The Kruskal-Wallis test and Bonfer-
roni correction were used to assess differences
among the three study groups at baseline and at
week 12 and in their respective changes from

baseline. Moreover, changes in continuous
measures between baseline and after the
12-week treatment period were tested using the
Wilcoxon signed-rank test in each study group.
The relationship between changes in glycemic
and metabolic parameters was assessed using
Spearman’s rank correlation coefficients. Statis-
tical significance was set at P\ 0.05. All analy-
ses were performed using SPSS Statistics, version
27.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Patients

Patient disposition is summarized in Table 1. Of
the 39 patients who provided informed con-
sent, 32 patients were randomly assigned to
receive dapagliflozin 5 mg (n = 11), sitagliptin
50 mg (n = 11), or metformin 1000 mg (n = 10).
Thirty-one patients completed the study (da-
pagliflozin group, n = 11; sitagliptin group,
n = 10; metformin group, n = 10). One patient
in the sitagliptin group decided to withdraw
before the treatment period, and the reason for
discontinuation was recorded as patient

Table 1 Baseline characteristics of the study participants

Dapagliflozin group
(n = 11)

Sitagliptin group
(n = 10)

Metformin group
(n = 10)

P value

Age (years) 55.9 ± 7.5 53.8 ± 13.2 57.5 ± 9.6 0.819

Sex, male/female, (n) 8/3 6/4 9/1 0.306

Body weight (kg) 77.5 ± 18.1 77.3 ± 24.8 74.8 ± 8.7 0.965

Body mass index (kg/m2) 27.7 ± 4.9 27.1 ± 6.6 26.7 ± 3.4 0.891

HbA1c (%) 7.86 ± 0.93 8.01 ± 1.53 7.93 ± 0.92 0.899

Fasting plasma glucose (mg/dl) 146.4 ± 31.2 161.7 ± 56.5 146.5 ± 41.2 0.508

Fasting C-peptide (ng/ml) 2.55 ± 0.76 2.34 ± 0.93 2.36 ± 0.65 0.814

Nondiabetic complications, n (%)

Hypertension 2 (18.2%) 3 (30.0%) 4 (40.0%) 0.544

Hyperlipidemia 0 (0.0%) 0 (0.0%) 0 (0.0%) -

Data are n (%), means ± standard deviation (SD)
HbA1c glycated hemoglobin
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request. The baseline characteristics were simi-
lar among the three study groups. In one
patient in the metformin group, the dose was
temporarily reduced to 500 mg per day within
7 days to address adverse events such as diar-
rhea that occurred during the treatment period.
None of the patients discontinued the study
drugs during the treatment period.

Effects of Plasma Glucose and Insulin
in the Meal Tolerance Test

The changes in the time courses of plasma glu-
cose and insulin after the MTT at baseline and at
week 12 in the three study groups are shown in
Fig. 1. Fasting and postprandial plasma glucose
levels at 60 and 120 min after the start of the
meal were significantly improved in the three
study groups after the 12-week treatment plan,
and there were no significant differences among
the three study groups (Fig. 1A). In addition,
glucose AUC0–120 min significantly decreased in
the dapagliflozin, sitagliptin, and metformin
groups (P = 0.008, P = 0.005, and P = 0.007,
respectively) (Fig. 2A and Table 2). Compared

with baseline, the postprandial plasma insulin
level at 120 min after the start of the meal at
week 12 significantly decreased in the dapagli-
flozin and metformin groups (P = 0.004 and
P = 0.028, respectively) (Fig. 1B). Furthermore,
the insulin AUC0–120 min at week 12 was signif-
icantly decreased only in the dapagliflozin
group (P = 0.049), and there were no significant
differences among the three study groups
(P = 0.501) (Fig. 2B and Table 2).

Effects of Glycemic and Metabolic
Parameters

Table 2 presents the changes in glycemic and
metabolic parameters from baseline to week 12
in the three study groups. The mean ± SD
change in HbA1c from baseline to week 12
were - 0.96 ± 0.50% (P = 0.003), - 1.24 ±

0.74% (P = 0.007), and - 1.40 ± 1.16% (P =
0.005) in the dapagliflozin, sitagliptin, and
metformin groups, respectively. Although there
was no significant difference among the three
study groups, the lowering effect of HbA1c
tended to be greater in the metformin group

Fig. 1 Effects of dapagliflozin, sitagliptin, and metformin on the time course of plasma glucose (A) and plasma insulin
(B) during the meal tolerance test. Data represent the mean ± standard deviation
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than in the dapagliflozin group. In contrast, the
changes in body weight from baseline to week
12 were - 2.1 ± 2.9 kg (P = 0.047), - 1.2 ±

2.6 kg (P = 0.16), and - 1.3 ± 2.0 kg (P =
0.074), respectively. Body weight was signifi-
cantly reduced only in the dapagliflozin group.
Similarly, the change in serum adiponectin
level from baseline to week 12 increased signif-
icantly only in the dapagliflozin group
(P = 0.003) (Fig. 2C and Table 2). However,
there were no significant differences in the
changes in these metabolic parameters among
the three study groups.

The mean changes in the fasting proinsulin/
insulin ratio and HOMA-b values from baseline
to week 12, as markers of b-cell function, are
presented in Table 2. Although there were no
significant differences from baseline to week 12,
the changes in the proinsulin/insulin ratio
tended to improve in the three study groups.

Notably, the changes in the hepatobiliary
enzymes, including aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and
c-glutamyltransferase (c-GT), significantly
decreased from baseline to week 12 in the
dapagliflozin and metformin groups. In con-
trast, the change in the hematocrit level from
baseline to week 12 was significantly higher in
the dapagliflozin group than in the sitagliptin
and metformin groups (P = 0.030). There were
no significant differences among the three
study groups in terms of changes in renal
function, serum lipid levels, and blood pressure
(Table 2).

The extent of changes resulting from these
treatments and their respective correlations
with glycemic and metabolic parameters are
presented in Table 3. We identified significant
correlations between the changes in BMI and
plasma glucose levels (i.e., fasting plasma glu-
cose, postprandial plasma glucose level at
120 min after the start of the meal, and plasma
glucose AUC0–120 min) only in the dapagliflozin
group.

Subgroup Analysis Based on BMI

Figure 3 shows the subgroup analysis results for
patients categorized according to their BMI at
baseline into two groups: low (BMI approxi-
mately\ 25 kg/m2) and high (BMI approxi-
mately[ 25 kg/m2) in each study group. The
changes in HbA1c from baseline to week 12
improved in all three study groups regardless of
BMI (Fig. 3A). In the dapagliflozin group, the
changes in body weight from baseline to week
12 were - 1.4 ± 1.1 kg (- 2.0%) in the low BMI
group and - 2.9 ± 4.2 kg (- 3.3%) in the high
BMI group; the weight loss effect was greater in
patients with higher obesity. Notably, signifi-
cant weight loss was observed only in low BMI
individuals in the dapagliflozin group
(P = 0.043). The sitagliptin and metformin
groups showed no significant weight changes
regardless of BMI (Fig. 3B). In the dapagliflozin
group, a marked improvement in plasma glu-
cose AUC0–120 min was observed in the high BMI
group. In contrast, in the metformin group, a

Fig. 2 Changes from baseline in plasma glucose area under
the curve 0–120 min (AUC0–120 min) (A) and insulin
AUC0–120 min (B) during meal tolerance test and serum

adiponectin level (C) at week 12. Data represent the
mean ± standard deviation. �Comparison of the changes
after 12 weeks from baseline among the three study groups
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Table 2 Effects of dapagliflozin and sitagliptin vs. metformin on glycemic and metabolic parameters at 12 weeks

Dapagliflozin group
(n = 11)

Sitagliptin group
(n = 10)

Metformin group
(n = 10)

P value

HbA1c (%)

Baseline 7.86 ± 0.93 8.01 ± 1.53 7.93 ± 0.92 0.899

Week 12 6.90 ± 0.84 6.77 ± 1.40 6.53 ± 0.54 0.488

Change from baseline� - 0.96 ± 0.50* - 1.24 ± 0.74* - 1.40 ± 1.16* 0.562�

Body weight (kg)

Baseline 77.5 ± 18.1 77.3 ± 24.8 74.8 ± 8.7 0.965

Week 12 75.4 ± 17.3 76.1 ± 23.8 73.5 ± 8.6 0.987

Change from baseline - 2.1 ± 2.9* - 1.2 ± 2.6 - 1.3 ± 2.0 0.429

Fasting plasma glucose (mg/dl)

Baseline 146.4 ± 31.2 161.7 ± 56.5 146.5 ± 41.2 0.508

Week 12 132.5 ± 63.0 134.8 ± 40.8 120.6 ± 14.4 0.604

Change from baseline - 13.9 ± 16.6* - 26.9 ± 21.5* - 25.9 ± 41.0* 0.435

Glucose AUC0-120 min (mg�h/dl)

Baseline 402.8 ± 100.9 431.9 ± 132.6 423.3 ± 89.9 0.880

Week 12 337.8 ± 61.7 345.4 ± 103.7 320.4 ± 47.2 0.737

Change from baseline - 65.0 ± 65.6* - 86.5 ± 48.8* - 103.0 ± 93.5* 0.512

Fasting plasma insulin (lU/ml)

Baseline 9.13 ± 6.04 6.98 ± 4.75 9.54 ± 3.72 0.305

Week 12 7.45 ± 4.14 7.14 ± 5.34 9.04 ± 3.34 0.354

Change from baseline - 1.68 ± 3.22 0.16 ± 3.40 - 0.50 ± 2.93 0.589

Insulin AUC0-120 min (lU�h/ml)

Baseline 61.9 ± 31.5 40.3 ± 27.7 65.6 ± 23.3 0.067

Week 12 49.6 ± 23.1 36.6 ± 17.6 56.5 ± 25.8 0.234

Change from baseline - 12.3 ± 18.1* - 3.7 ± 17.0 - 9.1 ± 19.5 0.501

Fasting proinsulin/insulin ratio

Baseline 4.17 ± 4.30 3.85 ± 1.72 2.24 ± 0.83 0.137

Week 12 3.14 ± 1.63 3.16 ± 1.90 1.85 ± 0.95 0.077

Change from baseline - 1.03 ± 2.96 - 0.69 ± 1.06 - 0.38 ± 0.77 0.599

Serum adiponectin (lg/ml)

Baseline 6.40 ± 2.41 9.14 ± 6.76 6.22 ± 2.86 0.597

Week 12 7.16 ± 2.45 9.03 ± 5.81 7.49 ± 3.07 0.998

Change from baseline 0.76 ± 0.46* - 0.11 ± 2.41 1.27 ± 2.17 0.558
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Table 2 continued

Dapagliflozin
group(n = 11)

Sitagliptin
group(n = 10)

Metformin
group(n = 10)

P value

HOMA-b (%)

Baseline 39.9 ± 18.8 28.1 ± 19.3 45.6 ± 19.0 0.090

Week 12 40.1 ± 16.3 42.9 ± 36.0 60.2 ± 27.4 0.158

Change from baseline 0.20 ± 17.3 14.8 ± 21.3* 14.6 ± 23.8 0.273

HOMA-IR

Baseline 3.57 ± 3.06 2.90 ± 2.13 3.46 ± 1.53 0.631

Week 12 2.55 ± 1.82 2.46 ± 2.17 2.71 ± 1.17 0.585

Change from baseline - 1.02 ± 1.47* - 0.44 ± 1.32 - 0.75 ± 1.46 0.626

Serum creatinine (mg/dl)

Baseline 0.77 ± 0.16 0.67 ± 0.16 0.88 ± 0.21 0.083

Week 12 0.82 ± 0.18 0.73 ± 0.13 0.87 ± 0.22 0.243

Change from baseline 0.05 ± 0.09 0.06 ± 0.06* - 0.01 ± 0.06 0.066

eGFR (ml/min/1.73 m2)

Baseline 77.6 ± 11.5 90.5 ± 19.3 72.3 ± 19.9 0.114

Week 12 73.3 ± 13.0 80.2 ± 12.3 73.9 ± 20.9 0.447

Change from baseline - 4.4 ± 8.1 - 10.3 ± 10.7* 1.6 ± 7.1 0.053

Hematocrit (%)

Baseline 45.6 ± 3.4 44.0 ± 3.4 44.0 ± 5.0 0.500

Week 12 47.3 ± 3.5 43.8 ± 2.8 43.1 ± 5.2 0.031

Change from baseline 1.7 ± 2.0* - 0.1 ± 1.8 - 0.9 ± 3.2 0.030

Total cholesterol (mg/dl)

Baseline 212.4 ± 28.2 198.4 ± 41.9 201.4 ± 38.3 0.451

Week 12 207.5 ± 22.3 197.4 ± 51.2 195.3 ± 42.5 0.541

Change from baseline - 4.8 ± 14.9 - 1.0 ± 20.9 - 6.1 ± 16.7 0.810

LDL cholesterol (mg/dl)

Baseline 124.0 ± 28.3 110.3 ± 30.2 137.8 ± 23.5 0.190

Week 12 120.9 ± 18.7 120.2 ± 41.4 128.7 ± 28.5 0.834

Change from baseline - 3.1 ± 17.2 9.9 ± 24.0 - 9.1 ± 13.3 0.098

HDL cholesterol (mg/dl)

Baseline 55.6 ± 14.3 60.1 ± 22.9 42.0 ± 9.9 0.060

Week 12 56.5 ± 12.6 60.7 ± 23.4 49.3 ± 12.8 0.340

Change from baseline 0.8 ± 6.0 0.6 ± 7.7 7.3 ± 12.6* 0.198
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marked improvement in plasma glucose
AUC0–120 min was observed in the lower BMI
group (Fig. 3C). A significant decrease in insulin

AUC0–120 min was observed only in the high BMI
subgroup of those treated with dapagliflozin
(Fig. 3D).

Table 2 continued

Dapagliflozin
group(n = 11)

Sitagliptin
group(n = 10)

Metformin
group(n = 10)

P value

Triglycerides (mg/dl)

Baseline 168.9 ± 138.2 151.9 ± 136.0 130.9 ± 52.7 0.793

Week 12 148.1 ± 69.1 103.0 ± 74.2 115.1 ± 63.6 0.195

Change from baseline - 20.8 ± 88.4 - 48.9 ± 74.2 - 15.8 ± 41.7 0.227

AST (U/l)

Baseline 28.8 ± 12.8 25.5 ± 6.8 28.0 ± 17.1 0.755

Week 12 25.5 ± 12.2 24.5 ± 4.2 21.6 ± 9.2 0.246

Change from baseline - 3.4 ± 3.8* - 1.0 ± 6.3 - 6.4 ± 10.8* 0.265

ALT (U/l)

Baseline 36.2 ± 18.1 26.1 ± 8.7 33.8 ± 25.5 0.698

Week 12 25.7 ± 13.0 23.5 ± 5.6 22.6 ± 9.8 0.847

Change from baseline - 10.5 ± 12.8* - 2.6 ± 6.4 - 11.2 ± 19.4* 0.532

c-GT (U/l)

Baseline 73.5 ± 62.5 46.6 ± 65.3 90.5 ± 134.0 0.144

Week 12 60.9 ± 56.1 33.1 ± 35.2 43.3 ± 43.4 0.124

Change from baseline - 12.6 ± 15.2* - 13.5 ± 30.5 - 47.2 ± 94.0* 0.654

Systolic blood pressure (mmHg)

Baseline 137.1 ± 17.6 134.4 ± 14.9 135.7 ± 14.6 0.979

Week 12 132.4 ± 12.5 127.5 ± 13.3 135.6 ± 14.8 0.527

Change from baseline - 4.7 ± 11.1 - 6.9 ± 14.1 - 0.1 ± 16.9 0.530

Diastolic blood pressure (mmHg)

Baseline 86.1 ± 13.6 85.5 ± 9.2 85.6 ± 11.1 0.949

Week 12 88.3 ± 9.2 84.7 ± 12.9 87.3 ± 11.5 0.439

Change from baseline 2.2 ± 12.6 - 0.8 ± 10.0 1.7 ± 9.9 0.849

Data are mean ± standard deviation (SD). *P B 0.05 compared with the baseline. �Extent of changes 12 weeks after
baseline ± SD. �Comparison of the changes after 12 weeks from baseline among the three study groups
HbA1c glycated hemoglobin, AUC area under the curve, HOMA-b homeostasis model assessment of b-cell function,
HOMA-IR homeostasis model assessment of insulin resistance, eGFR estimated glomerular filtration rate, AST aspartate
aminotransferase, ALT alanine aminotransferase, c-GT c-glutamyltransferase
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Safety

During the 12-week treatment period, adverse
events were documented in two patients. One
woman in the dapagliflozin group developed
urinary tract infection, while another in the
metformin group experienced diarrhea. How-
ever, these symptoms resolved upon appropri-
ate administration of antibiotics and temporary
reduction of study drug dose, respectively,
allowing the patients to continue the study. No
serious adverse effects that necessitated treat-
ment interruption or participant termination,
such as severe hypoglycemia, dehydration,
ketoacidosis, heart failure, renal failure, or sev-
ere infections, were recorded.

DISCUSSION

Currently, the first-line medications for type 2
diabetes have not been clarified in the

guidelines or algorithms in Japan. Thus, the
present study aimed to determine whether
dapagliflozin is a suitable first-line medication
for newly diagnosed patients with type 2 dia-
betes. In the present study, we performed an
MTT to compare the response of plasma glucose
levels and related variable parameters after
dapagliflozin treatment with that after sitaglip-
tin and metformin treatment. Additionally, we
selected food for the test meal that mimicked a
typical Japanese breakfast, because we hoped to
verify the effectiveness and safety of each study
drug in accordance with actual clinical practice.

The present study revealed that dapagliflozin
exerts a glucose-lowering effect comparable to
that of the alternative first-line medications,
metformin and sitagliptin. Besides its hypo-
glycemic action, dapagliflozin significantly
lowered body weight and increased serum adi-
ponectin levels in participants. It has also been
suggested that dapagliflozin may protect pan-
creatic b cells by diminishing plasma insulin

Table 3 Correlations of changes in glycemic and metabolic parameters

DBMI (kg/m2) DAdiponectin (lg/ml) DHOMA-b (%) DHOMA-IR

r p r p r p r p

Dapagliflozin group (n = 11)

DFPG (mg/dl) 0.655 0.029 - 0.429 0.188 - 0.382 0.247 0.382 0.247

D2-h PPG (mg/dl) 0.645 0.032 -0.313 0.348 - 0.064 0.853 0.582 0.060

DGlucose AUC (mg�h/dl) 0.718 0.013 - 0.387 0.239 - 0.500 0.117 0.282 0.401

Sitagliptin group (n = 10)

DFPG (mg/dl) 0.109 0.763 0.689 0.028 - 0.426 0.220 0.049 0.894

D2-h PPG (mg/dl) 0.042 0.907 0.353 0.318 0.042 0.907 0.273 0.446

DGlucose AUC (mg�h/dl) 0.212 0.556 0.638 0.047 - 0.539 0.108 - 0.200 0.580

Metformin group (n = 10)

DFPG (mg/dl) 0.626 0.053 - 0.176 0.626 - 0.632 0.050 0.675 0.032

D2-h PPG (mg/dl) 0.236 0.511 - 0.576 0.082 - 0.406 0.244 0.394 0.260

DGlucose AUC (mg�h/dl) 0.491 0.150 - 0.600 0.067 - 0.600 0.067 0.370 0.293

The relationship of changes in glycemic and metabolic parameters were assessed using Spearman’s rank correlation coef-
ficients. D, the amount of change 12 weeks after baseline; FPG fasting plasma glucose, 2-h PPG postprandial plasma glucose
level at 120 min after the start of the meal, Glucose AUC postprandial glucose area under the curve 0-120 min, BMI body
mass index, HOMA-b homeostasis model assessment of b-cell function, HOMA-IR homeostasis model assessment of insulin
resistance
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Fig. 3 Changes from baseline in HbA1c (A), body weight
(B), plasma glucose area under the curve 0–120 min
(AUC0–120 min) (C), and insulin AUC0–120 min (D) during

meal tolerance test at week 12 considering subgroup
analysis based on body mass index. Data represent the
mean ± standard deviation
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levels, which may be a pivotal feature to control
type 2 diabetes patients for a long time.

Based on evidence from the UKPDS [2],
metformin has long been the first-line medica-
tion for the management of type 2 diabetes in
Europe and the US. The consensus report by the
American Diabetes Association and the Euro-
pean Association for the Study of Diabetes
(2018) stated that metformin is the preferred
glucose-lowering medication for newly diag-
nosed patients with type 2 diabetes [18]. In
contrast, the consensus report suggests consid-
ering the use of SGLT2 inhibitors in patients
with type 2 diabetes and ASCVD, heart failure,
and chronic kidney disease (CKD), based on
new evidence that SGLT2 inhibitors improve
cardiovascular outcomes and renal disease pro-
gression [13–15].

In contrast, in Japan, dipeptidyl peptidase-4
(DPP-4) inhibitors are currently the most com-
monly used first-line medications for the treat-
ment of type 2 diabetes. Regarding the
difference in the frequency of use of glucose-
lowering agents, the difference in the patho-
physiology of type 2 diabetes was first men-
tioned by comparing Westerners and Asians.
That is, while insulin resistance associated with
obesity is the main factor in the pathophysiol-
ogy of type 2 diabetes in Westerners, Asians,
including the Japanese, are more vulnerable to
insulin secretion from pancreatic b cells [20].
Next, the frequency of cardiovascular events in
diabetes patients is different between Western
and Japanese patients. When comparing the
evidence provided by the UKPDS [2], the Action
to Control Cardiovascular Risk in Diabetes
(ACCORD) trial [21], and the Action in Diabetes
and Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation
(ADVANCE) trial [22] regarding Europe and the
US, and the Japan Diabetes Complications
Study (JDCS) [23] and J-DOIT3 [4] regarding
Japan, there was no difference in the frequency
of stroke in patients with diabetes; however,
there were clearly fewer Japanese patients who
experienced cardiovascular death and myocar-
dial infarction. In addition, the facts that the
average life expectancy of Japanese is[84 years
and most diabetes patients are elderly are likely

to lead to differences in the frequency of using
glucose-lowering agents.

Considering these backgrounds, when
choosing medications to act as first-line medi-
cations for patients with type 2 diabetes, we
believe that it is important that the agent has a
good glucose-lowering effect, does not cause
hypoglycemia or weight gain, protects pancre-
atic b cells, and is highly tolerable, especially in
elderly diabetes patients. Moreover, it is vital to
reduce cardiovascular events, especially heart
failure. In our present study, the study partici-
pants had an average age of 55.7 years, and
several patients were around 70 years old;
dapagliflozin was well tolerated to a similar
extent as the other two study drugs. Consider-
ing the beneficial effects of dapagliflozin on
blood glucose and body weight, as well as the
multifaceted effects of SGLT2 inhibitors on
ASCVD, heart failure, CKD, and fatty liver, we
believe that SGLT2 inhibitors may fulfill the
requirements for a first-line medication in
Japanese patients with type 2 diabetes.

Recently, several clinical studies have evalu-
ated the efficacy of SGLT2 inhibitors, especially
using MTT [24–26]. However, our present study
is the first to directly compare these drugs in
newly diagnosed patients with type 2 diabetes
using MTT, with the aim of identifying the
drugs that could be effectively and safely used
in actual clinical practice. Moreover, the use of
Japanese food in the test meal was considered
very advantageous for evaluating the actual
daily glycemic profile of Japanese people. In the
present study, dapagliflozin did not signifi-
cantly improve glycemic and metabolic param-
eters compared to metformin or DPP-4
inhibitors; therefore, we presume that these
three hypoglycemic agents are all balanced first-
line medications for patients with drug-naı̈ve
type 2 diabetes. Nonetheless, considering the
increasing obesity level in diabetes patients in
recent years, SGLT2 inhibitors that also target
body weight might be more beneficial. In
addition, considering the advanced age of many
diabetes patients, high frequency of complica-
tions related to diabetes and heart failure, and
poor prognosis of patients with diabetes and
heart failure [27], we believe that SGLT2 inhi-
bitors will be more desirable in the future than
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metformin, which is often difficult to adminis-
ter to elderly diabetes patients with decreased
renal function, and some DPP-4 inhibitors,
which may increase the risk of heart failure
[28, 29]. In contrast, the present study showed
that metformin has a greater HbA1c-lowering
effect than dapagliflozin. This result does not
indicate that dapagliflozin is a better drug than
metformin for diabetes patients without car-
diovascular risk, where glycemic control is
important to prevent microvascular complica-
tions. This fact indicates the need for studies
with a bigger sample size to demonstrate the
definitive efficacy of SGLT2 inhibitors as first-
line drugs.

The present study has some limitations. First,
the sample size was small; it was performed at a
single facility and with an open-label design.
Second, because there have been few reports of
clinical studies evaluating glycemic parameters
of SGLT2 inhibitors using an MTT, no appro-
priate sample size calculations were performed.
Third, the dosage of the study drugs, which is
adopted as the standard dosage in Japan, is
approximately half of that in Western coun-
tries. Finally, because the present study lasted
only 12 weeks, the long-term efficacy of dapa-
gliflozin as a first-line medication is unknown
and needs to be evaluated over a longer period
and in a larger group of participants.

CONCLUSION

Dapagliflozin exerted beneficial effects similar
to sitagliptin and metformin on fasting and
postprandial plasma glucose and glucose AUC
levels during MTT as well as HbA1c level in
drug-naı̈ve Japanese patients with type 2 dia-
betes. Furthermore, dapagliflozin significantly
reduced body weight and insulin AUC levels
and improved serum adiponectin levels without
inducing hypoglycemia. These results suggest
that along with metformin and DPP-4 inhibi-
tors, SGLT2 inhibitors could be a viable first-line
treatment option for drug-naı̈ve Japanese
patients with type 2 diabetes because of their
optimum glucose-lowering properties, ability to
avoid hypoglycemia or weight gain, and toler-
ability over a wide range of ages.
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