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ABSTRACT
Aims/Introduction: To assess the efficacy and safety of sitagliptin compared with a-
glucosidase inhibitors in Japanese patients with type 2 diabetes inadequately controlled
by metformin or pioglitazone alone.
Materials and Methods: In the present multicenter, randomized, open-label, parallel-
group, active-controlled, non-inferiority trial, 119 patients aged 20–79 years with type 2 dia-
betes who had glycated hemoglobin 6.9–8.8% on stable metformin (500–1,500 mg/day) or
pioglitazone (15–30 mg/day) alone were randomly assigned (1:1) to receive the addition of
sitagliptin (50 mg/day) or an a-glucosidase inhibitor (0.6 mg/day voglibose or 150 mg/day
miglitol) for 24 weeks. The primary end-point was change in glycated hemoglobin from
baseline to week 12. All data were analyzed according to the intention-to-treat principle.
Results: After 12 weeks, reductions in adjusted mean glycated hemoglobin from base-
line were -0.70% in sitagliptin and -0.21% in the a-glucosidase inhibitor groups respec-
tively; between-group difference was -0.49% (95% confidence interval -0.66 to -0.32,
P < 0.0001), meeting the predefined non-inferiority criterion (0.25%) and showing statistical
significance. This statistical significance also continued after 24 weeks. Although sitagliptin
did not affect bodyweight, a-glucosidase inhibitors decreased bodyweight significantly
from baseline (-0.39 kg; P = 0.0079). Gastrointestinal disorders were significantly lower
with sitagliptin than with an a-glucosidase inhibitor (6 [10.3%] patients vs 23 [39.7%];
P = 0.0003). Minor hypoglycemia occurred in two patients (3.5%) in each group.
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Conclusions: Sitagliptin showed greater efficacy and better tolerability than an a-glu-
cosidase inhibitor when added to stable doses of metformin or pioglitazone. These find-
ings support the use of sitagliptin in Japanese patients with type 2 diabetes inadequately
controlled by insulin-sensitizing agents. This trial was registered with UMIN (no.
000004675).

INTRODUCTION
Type 2 diabetes accounts for approximately 90% of all cases of
diabetes mellitus, and its incidence is rapidly increasing. Cur-
rently, approximately 366 million people worldwide have diabe-
tes, and 552 million are expected to have diabetes by 20301.
Diabetes can lead to various vascular complications that con-
tribute to mortality, reduced quality of life and excessive
medical costs. To prevent diabetic vascular complications,
achievement of optimal glycemic control (e.g., glycated hemo-
globin [HbA1c] < 7.0%) from an early stage of the disease is
recommended2–4. However, hypoglycemia and weight gain
associated with tight glycemic control could have potentially
negative effects on cardiovascular risk and mortality5.
The American Diabetes Association (ADA) and European

Association for the Study of Diabetes (EASD) recommend met-
formin as a first-line oral therapy for treatment of type 2 diabe-
tes6. Metformin has a low hypoglycemia risk when used alone,
and might reduce cardiovascular events7; thus, metformin is the
most widely used drug in the treatment of type 2 diabetes.
Pioglitazone, which activates peroxisome proliferator-activated
receptor c (PPARc)8, also has a low risk of hypoglycemia with
a beneficial effect on cardiovascular events, as shown in a large
trial involving patients with overt macrovascular disease9. Both
of these drugs are insulin-sensitizing agents, contribute to glyce-
mic control and are widely used as an initial drug for treatment
of diabetes in Japan. However, because type 2 diabetes is a pro-
gressive disease, most people eventually require additional treat-
ment to achieve good glycemic control10, and especially, a
choice of the second-line drug is very important to determine
subsequent glycemic control.
Sitagliptin is a once-daily dipeptidyl peptidase-4 (DPP-4)

inhibitor that improves glycemic control by preventing the
rapid degradation of incretin hormones11. Sitagliptin is well-tol-
erated, and associated with a low risk of hypoglycemia and
weight gain when used alone12–14. In Japan, the most frequently
used oral hypoglycemic agent had been sulfonylurea until the
appearance of DPP-4 inhibitor15. As this relatively new agent is
comparatively effective for Japanese patients, it has been
becoming widely used in combination therapy as well as in
monotherapy. In contrast, a-glucosidase inhibitors, which lower
postprandial glucose excursions, have been widely used in Japan
as first-line and combined drugs for a long time. Alpha-glucosi-
dase inhibitors have shown clear efficacy and are relatively safe

for patients with type 2 diabetes16, and the risk of hypoglycemia
and weight gain is minimal, because they reduce oversecretion of
insulin and consequently lighten the load of the pancreas. Fur-
thermore, a-glucosidase inhibitors have been shown to reduce
cardiovascular events in patients with type 2 diabetes as well as
those with impaired glucose tolerance17,18. In fact, in patients
with impaired glucose tolerance, a-glucosidase inhibitors help
prevent the development of type 2 diabetes19,20. Recently, Iwam-
oto et al.21 reported that greater efficacy and better tolerability of
sitagliptin monotherapy than that of a-glucosidase inhibitor
(voglibose) in Japanese patients with type 2 diabetes.
In Western countries, sitagliptin has been shown to be effec-

tive in combination with metformin or pioglitazone22–24. How-
ever, in Asian patients with diabetes, the glucose-lowering
effects, changes in insulin secretion and resistance, frequencies
of hypoglycemia, and effects on bodyweight when sitagliptin is
used in combination therapy have not been sufficiently docu-
mented. Therefore, in the present Study for an Ultimate Com-
bination Therapy to Control Diabetes with Sitagliptin-1
(SUCCESS-1) trial, focusing on the choice of the second-line
drug, we aimed to assess the efficacy and safety of sitagliptin
compared with an a-glucosidase inhibitor in Japanese patients
with type 2 diabetes who were inadequately controlled by met-
formin or pioglitazone alone.

MATERIALS AND METHODS
Design
The present multicenter, randomized, open-label, parallel-group,
active-controlled, non-inferiority trial was carried out at 37 sites
in Japan from January 2011 to September 2012. It included an
initial observation period within 8 weeks followed by a 24-week
treatment period (sitagliptin or a-glucosidase inhibitor) and,
finally, 4 weeks of follow up to record any new adverse events.
The present study was approved by the ethics committee at the
each center and registered at http://www.umin.ac.jp/ctr/
(UMIN-ID: UMIN 000004675).

Participants
Eligible study participants were men and women aged 20–
79 years with type 2 diabetes receiving metformin (500–
1,500 mg/day) or pioglitazone (15–30 mg/day) for 2 months
or longer, and with a HbA1c level of 6.9–8.8%. The main
exclusion criteria were previous treatment with insulin or oral
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glucose-lowering drugs other than metformin or pioglitazone
within the past 2 months; impaired renal function (serum creati-
nine ≥133 lmol/L in men or ≥115 lmol/L in women); or a diag-
nosis of stroke, myocardial infarction, or other severe
cardiovascular complications requiring hospitalization within the
past 6 months. All patients provided written informed consent.

Procedures and Randomization
Patients receiving metformin or pioglitazone entered an initial
observation period within 8 weeks. At the end of the observa-
tion period, patients were randomly assigned to either 24 weeks
of treatment with sitagliptin (50 mg once a day) or an a-gluco-
sidase inhibitor (0.2 mg voglibose or 50 mg miglitol three times
a day) added to ongoing metformin or pioglitazone (dose
unchanged throughout the study) through a website using a
minimization method25 with biased-coin assignment balancing
including age (≥65 years vs <65 years), sex and type of preme-
dication (metformin vs pioglitazone).

Study End-Points
The primary efficacy end-point was change in HbA1c from base-
line at week 12. Secondary end-points were change in HbA1c
from baseline at week 24, proportion of participants reaching
HbA1c targets of <7.0%, (as recommended by the ADA)26 at
week 12 and 24, changes from baseline at week 12 and 24 in fast-
ing plasma glucose (FPG), glycoalbumin, 1,5-anhydroglucitol
(1,5-AG), fasting insulin and C-peptide concentrations, plasma
proinsulin/insulin ratio, homoeostasis model assessment of b-cell
function (HOMA-b), homoeostasis model assessment of insulin
resistance (HOMA-IR), fasting lipid profile, urinary biomarkers,
bodyweight, blood pressure, and heart rate. Laboratory analyses
were carried out by SRL Corporation (Tokyo, Japan).
Safety and tolerability were assessed throughout the study,

and included monitoring for adverse events, physical examina-
tions, vital signs and clinical laboratory measurements. Investi-
gators evaluated each clinical adverse event for intensity,
duration, outcome and relationship to study drug. Adverse
events of special interest included hypoglycemia and gastroin-
testinal symptoms. We also assessed medication compliance at
the end of the study by asking patients directly. The study was
open-label, but data were masked from the statistician until
database release.

Statistical Analysis
Based on previous reports21,27,28, the standard deviation was
assumed to be 0.6%, and the true difference between the two
randomized treatments was zero in HbA1c. We determined
that enrolment of 116 patients (58 patients in each group)
would provide a power of at least 80% and a significance level
of 0.025 (one-sided), to show non-inferiority for sitagliptin,
based on the change in HbA1c from baseline to week 12, with
a 0.25% HbA1c non-inferiority margin, which we considered to
be a clinically acceptable margin24. Additional assumption in
sample-size calculations was that 15% of patients would be lost

to follow up. Non-inferiority would be established by the upper
limit of the two-sided 95% confidence interval (CI) for treat-
ment difference in the adjusted mean change in HbA1c from
baseline to end-point of <0.25% (non-inferiority margin).
Data collection and all the statistical analyses were indepen-

dently carried out at the Chiba University Hospital Clinical
Research Center, Chiba, Japan. The analyses of the primary
and secondary outcomes were carried out on data from all
patients who had undergone randomization, according to the
intention-to-treat principle.
For baseline variables, summary statistics were constructed

using frequencies and proportions for categorical data, and
means and standard deviations for continuous variables. Patient
characteristics were compared using Fisher’s exact test for cate-
gorical outcomes and unpaired t-tests with equal variance for
continuous variables, as appropriate.
The primary end-point of change in HbA1c from baseline

at week 12 was analyzed by analysis of covariance (ANCOVA)
with treatment as fixed effect, sex, premedication and age as
covariates. As a sensitivity analysis, for dimensional outcomes,
linear mixed-effects models were used to determine mean
values at each assessment point (12 and 24 weeks), and to
test the study hypotheses with respect to between-group dif-
ferences at 24 weeks. In the linear mixed-effects model, time
and treatment were included as fixed effects, and intercept
and linear slope terms as random effects, and a compound
symmetry covariance was used to account for within-subject
correlation over time.
As with the safety analysis, serious adverse events, antici-

pated adverse events and adverse events leading to permanent
study-drug withdrawal were tabulated according to random-
ized group assignment, and analyzed by Fisher’s exact test.
All comparisons were planned, and all P-values were two-

sided. A P-value of <0.05 was considered statistically significant.
All statistical analyses were carried out using SAS software ver-
sion 9.3 (SAS Institute, Cary, NC, USA).

RESULTS
Demographics and Baseline Characteristics
A total of 119 patients were initially screened and randomly
assigned to either sitagliptin (n = 60) or a-glucosidase inhibitor
(n = 59) in addition to metformin or pioglitazone. A total of
116 (97.5%) received at least one dose of the study drug, and
105 (88.2%) completed the study. Seven patients dropped out
from each treatment group during the trial because of with-
drawal of consent, adverse events and lost to follow up
(Figure 1). Characteristics of patients were well balanced
between treatment groups (Table 1).

Efficacy
HbA1c was reduced to a significantly greater extent with sitag-
liptin than with an a-glucosidase inhibitor at weeks 12 and 24
(Figure 2). At week 12, adjusted mean decreases in HbA1c
from baseline were -0.70% (95% CI -0.83 to -0.58) for sitag-
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liptin and -0.21% (95% CI -0.34 to -0.097) for the a-glucosi-
dase inhibitors in the full analysis set. The least squares mean
of treatment difference was -0.49% (-0.66 to -0.32)
(P < 0.0001). This result met the predefined non-inferiority
criterion of 0.25% and after that confirmed the superiority of
sitagliptin over a-glucosidase inhibitors. Additionally, at week
24, adjusted mean decreases in HbA1c from baseline were
-0.71% (95% CI -0.88 to -0.54) for sitagliptin and -0.29%
(95% CI -0.50 to -0.077) for the a-glucosidase inhibitors (dif-
ference -0.43%, 95% CI -0.69 to -0.16, P = 0.0024). Treatment
difference for the analyses by a linear mixed model was similar
to those derived for the analysis of covariance (P < 0.0001, a
mixed-effects model).
Throughout the study, significantly more participants

achieved HbA1c targets <7.0% with sitagliptin combination
therapy than with a-glucosidase inhibitor combination therapy.
At week 12, 31 (55.3%) of 56 participants receiving sitagliptin
combination therapy had a HbA1c <7.0% compared with 17
(32.1%) of 53 receiving a-glucosidase inhibitor combination
therapy (P = 0.0089). Similarly, at week 24, 32 (60.0%) of 53
participants on sitagliptin combination therapy had a HbA1c
<7.0% compared with 17 (32.7%) of 52 receiving a-glucosidase
inhibitor combination therapy (P = 0.0020).

Treatment with sitagliptin also led to a significant decrease
in FPG from baseline at week 12 and 24 (Table 2). The least
squares mean of treatment difference in FPG at week 12 was
-0.86 mmol/L (95% CI -1.5 to -0.21) lower with sitagliptin
than with a-glucosidase inhibitors (P = 0.010), but no signifi-
cant difference was noted at week 24. The analyses limited to
the patients who had been taking metformin also led to the
same results regarding glucose-lowering effects (data not
shown).
Changes in other secondary end-points are summarized in

Table 2 and Table S1. In addition to HbA1c, glycoalbumin was
reduced to a significantly greater extent with sitagliptin than
with a-glucosidase inhibitors throughout the study. 1,5-AG lev-
els significantly increased from baseline in both groups, but dif-
ferences between groups were not significant. Sitagliptin
significantly improved HOMA-b values from baseline, but no
significant differences were observed between groups. For other
glycemic efficacy parameters, no notable differences were seen
in either treatment group.
While sitagliptin did not affect bodyweight, a-glucosidase

inhibitors decreased bodyweight significantly from baseline
(Table 2). The adjusted mean differences were 0.64 kg (95% CI
0.17–1.1, P = 0.0079) at week 12, and 1.1 kg (0.40–1.7;

119 patientsscreenedandrandomized

60 sitagliptin 59 α-glucosidase inhibitor 

2 withdrew consent 1 withdrew consent

58 received treatment 58 received treatment

2 discontinued 5 discontinued

1 withdrew consent 5 adverse events

1 lost to follow-up

56 completed 12 weeks treatment 53 completed 12 weeks treatment

3 discontinued 1 discontinued

1 adverse events 1 lost to follow-up

1 lost to follow-up

1 withdrew consent

53 completed 24 weeks treatment 52 completed 24 weeks treatment

58 included in full analysis set
and safety analysis

58 included in full analysis set
and safety analysis

Figure 1 | Flow chart of study participants throughout the trial. Data are number of study participants.
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P = 0.0021) at week 24 between two groups. As with the glu-
cose-lowering effects, the analyses limited to the patients who
had been taking metformin also showed the same significant
differences in bodyweight (data not shown).
No clinically meaningful changes in blood pressure and heart

rate were observed in either group. Sitagliptin also had no
effects on serum lipid parameters, whereas a-glucosidase inhibi-
tors increased the levels of total cholesterol, low-density lipo-
protein cholesterol, non-high-density lipoprotein cholesterol
and apolipoprotein B (Table S1), which led to the significant
differences between the two groups.

Safety
Table 3 summarizes treatment-emergent adverse events.
Adverse events were reported by 19 (32.8%) of 58 partici-
pants in the sitagliptin group, and 30 (51.7%) of 58 partici-
pants in the a-glucosidase inhibitor group. One (1.7%)
serious treatment-emergent adverse event was observed in
each group (ileus and cholangitis); no deaths occurred. Two
(3.5%) episodes of mild hypoglycemia occurred in each
group. The most common adverse events were gastrointesti-
nal symptoms, and the incidence was significantly greater
with the a-glucosidase inhibitors (23 [39.7%]) than with si-
tagliptin (6 [10.3%]). Each of the prespecified gastrointestinal
adverse events (diarrhea, flatulence, abdominal distention) was
also significantly greater with the a-glucosidase inhibitors than
with sitagliptin. Two (3.5%) of 58 participants in the sitaglip-
tin group and five (8.6%) of 58 participants in the a-glucosi-
dase inhibitor group withdrew from the study because of a
treatment-emergent adverse event. Withdrawals in the sitag-
liptin group were as a result of edema and cholangitis,
whereas withdrawals in the a-glucosidase inhibitor group
were as a result of ileus, diarrhea, flatulence, abdominal dis-
tention and ear pain. Other main adverse events included the
common cold, dizziness and headache. The incidence of these
adverse events was <5%. Laboratory variables did not show
any clinically significant findings. Medication compliance was

Table 1 | Baseline demographic and clinical characteristics

Parameter Sitagliptin
(n = 58)

a-Glucosidase
inhibitor
(n = 58)

P-value*

Age (years) 57.6 – 12.9 59.3 – 11.3 0.45
Sex

Male 38 (65.5) 36 (62.1) 0.70
Female 20 (34.5) 22 (37.9) 0.70

Height (m) 1.64 – 0.10 1.62 – 0.091 0.26
Weight (kg) 70.2 – 14.2 69.8 – 16.3 0.87
BMI (kg/m2) 25.9 – 4.3 26.3 – 4.6 0.66
Systolic blood pressure
(mmHg)

132.0 – 13.7 132.9 – 14.9 0.73

Diastolic blood pressure
(mmHg)

79.9 – 10.6 79.5 – 11.0 0.81

Duration of diabetes (years) 6.7 – 6.4 6.8 – 5.5 0.97
HbA1c (%) 7.6 – 0.70 7.6 – 0.74 0.60
Fasting plasma glucose
(mmol/L)

7.7 – 1.7 7.4 – 1.7 0.33

Fasting C-peptide (mmol/L) 0.61 – 0.36 0.67 – 0.34 0.40
Fasting insulin (pmol/L) 51.6 – 44.2 61.5 – 50.7 0.27
HOMA-b 36.2 – 26.6 52.6 – 54.9 0.045
HOMA-IR 2.7 – 3.7 2.8 – 2.4 0.88
Fasting lipid profiles

Total cholesterol (mmol/L) 5.0 – 0.88 4.9 – 0.88 0.49
LDL cholesterol (mmol/L) 2.8 – 0.68 2.8 – 0.71 0.69
HDL cholesterol (mmol/L) 1.4 – 0.41 1.4 – 0.34 0.94
Triglycerides (mmol/L) 1.7 – 1.2 1.6 – 1.0 0.59
Non-HDL cholesterol
(mmol/L)

3.7 – 0.85 3.5 – 0.86 0.40

Prior antidiabetic treatment
Metformin 47 (81.0) 46 (79.3) 0.82
Pioglitazone 11 (19.0) 12 (20.7) 0.82

Concomitant treatments
Antihypertensive drugs 29 (50.0) 27 (46.6) 0.71
Antihyperlipemic drugs 28 (48.3) 26 (44.8) 0.71

Data are presented as mean – standard deviation values, or n (%).
*P-values for differences between the sitagliptin and a-glucosidase
inhibitor groups. BMI, body mass index; HbA1c, glycated
hemoglobin; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; HOMA-b, homoeostasis model assessment of b-cell
function; HOMA-IR, homoeostasis model assessment of insulin
resistance.
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Figure 2 | Changes in glycated hemoglobin (HbA1c) from baseline
with the sitagliptin group (black bars) and a-glucosidase inhibitors
group (white bars) at week 12 and 24. Error bars represent
standard error. *P < 0.05 from baseline (sitagliptin group).
**P < 0.05 from baseline (a-glucosidase inhibitors group).
***P < 0.05 between sitagliptin and a-glucosidase inhibitors with
the same week.
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lower with the a-glucosidase inhibitor than with sitagliptin
(88.2% vs 98.0%; P < 0.0001).

DISCUSSION
The results of the present study showed that in Japanese
patients with type 2 diabetes inadequately controlled by metfor-
min or pioglitazone, sitagliptin, a DPP-4 inhibitor, was not only
non-inferior, but also superior to the a-glucosidase inhibitor for
lowering HbA1c from baseline (on the same level with previous
Japanese report compared with placebo27,28). In addition, more

than half of the patients receiving sitagliptin achieved the cur-
rent ADA glycemic goal of HbA1c <7.0%26.
In parallel to the present study, we also carried out a trial in

type 2 diabetes to assess the efficacy and safety of sitagliptin
compared with a-glucosidase inhibitor in combination with
sulfonylurea (SUCCESS-2 study)29. In the SUCCESS-2 study,
sitagliptin was not only non-inferior, but also superior to a-
glucosidase for reduction of HbA1c at 12 weeks, but remained
non-inferior at 24 weeks. The results of SUCCESS-1 and 2
together showed that combination of sitagliptin with insulin-

Table 2 | Change in secondary endpoints from baseline to weeks 12 and 24

Mean change from baseline (week 12) Mean change from baseline (week 24)

Sitagliptin a-Glucosidase inhibitor P-value* Sitagliptin a-Glucosidase inhibitor P-value*

Glycoalbumin
(%)

-2.4 (-2.9 to -2.0) -0.74 (-1.2 to -0.29) <0.0001 -2.5 (-3.0 to -1.9) -1.1 (-1.8 to -0.31) 0.0026

1,5-AG (lmol/L) 21.6 (16.7 to 26.5) 28.9 (21.9 to 35.9) 0.089 23.2 (16.8 to 29.6) 32.6 (24.5 to 40.8) 0.072
Fasting plasma
glucose
(mmol/L)

-0.60 (-1.1 to -0.092) 0.26 (-0.16 to 0.68) 0.010 -0.54 (-1.0 to -0.066) -0.15 (-0.60 to 0.29) 0.24

Fasting insulin
(pmol/L)

6.7 (-5.7 to 18.9) 5.6 (-9.4 to 20.6) 0.91 -0.0088 (-10.6 to 10.6) -3.4 (-15.0 to 8.3) 0.67

Fasting
C-peptide
(nmol/L)

0.061 (-0.033 to 0.15) 0.032 (-0.061 to 0.13) 0.66 0.041 (-0.042 to 0.12) -0.010 (-0.082 to 0.61) 0.35

Fasting
proinsulin-
to-insulin ratio

-0.0057 (-0.068 to 0.056) -0.031 (-0.086 to 0.025) 0.55 -0.041 (-0.11 to 0.027) 0.028 (-0.043 to 0.10) 0.16

HOMA-b 10.8 (6.0 to 15.6) -2.4 (-16.2 to 11.4) 0.072 8.9 (2.7 to 15.2) -0.60 (-9.2 to 8.0) 0.078
HOMA-IR -0.0094 (-1.0 to 1.0) 0.57 (-0.32 to 1.5) 0.39 -0.38 (-1.4 to 0.64) -0.12 (-0.91 to 0.67) 0.68
Bodyweight (kg) 0.25 (-0.12 to 0.62) -0.39 (-0.68 to -0.093) 0.0079 0.47 (-0.041 to 0.99) -0.60 (-1.0 to -0.16) 0.0021
Systolic blood
pressure
(mmHg)

1.4 (-2.2 to 5.1) 1.0 (-1.8 to 3.9) 0.87 1.6 (-1.9 to 5.0) 0.059 (-3.7 to 3.8) 0.55

Diastolic blood
pressure
(mmHg)

-0.47 (-2.6 to 1.7) 0.67 (-1.9 to 3.2) 0.49 -0.38 (-2.2 to 1.4) 0.80 (-2.8 to 4.4) 0.55

Heart rate
(beats per min)

1.5 (-1.2 to 4.3) -1.9 (-4.0 to 0.30) 0.054 0.67 (-2.0 to 3.3) -2.4 (-5.3 to 0.56) 0.12

Total cholesterol
(mmol/L)

-0.13 (-0.35 to 0.087) 0.21 (0.065 to 0.36) 0.010 -0.11 (-0.34 to 0.11) 0.18 (0.044 to 0.32) 0.025

LDL cholesterol
(mmol/L)

0.0066 (-0.15 to 0.16) 0.21 (0.077 to 0.35) 0.047 -0.013 (-0.19 to 0.16) 0.19 (0.060 to 0.31) 0.065

HDL cholesterol
(mmol/L)

-0.0024 (-0.044 to 0.039) -0.012 (-0.058 to 0.034) 0.76 0.025 (-0.33 to 0.084) -0.0025 (-0.047 to 0.042) 0.45

Triglycerides
(mmol/L)

-0.050 (-0.28 to 0.18) 0.010 (-0.18 to 0.20) 0.69 -0.11 (-0.37 to 0.15) -0.17 (-0.34 to -0.0076) 0.68

Non-HDL
cholesterol
(mmol/L)

-0.13 (-0.34 to 0.078) 0.22 (0.090 to 0.36) 0.0050 -0.13 (-0.35 to 0.093) 0.18 (0.051 to 0.32) 0.015

Changes from baseline to week 12 or week 24 are expressed as least-squares mean change (95% confidence interval). *P-value was calculated by
comparing the difference from baseline between the sitagliptin and a-glucosidase inhibitor groups. HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; HOMA-b, homoeostasis model assessment of b-cell function; HOMA-IR, homoeostasis model assessment of
insulin resistance.
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sensitizing agents might be adequate for glucose lowering at
least within a 24-week period.
The reasons why the combination of sitagliptin with metfor-

min or pioglitazone was better than with a-glucosidase inhibi-
tor might depend on the levels of incretin hormones.
Metformin has been reported to increase the plasma level of
glucagon-like peptide-1 (GLP-1) and enhance the expression of
the genes encoding the receptors for incretin hormones in
mouse islets30. In line with the finding, an addition of sitaglip-
tin to metformin therapy showed a complementary effect on
active GLP-1 concentrations31. In contrast, in obese patients,
pioglitazone shifts fat distribution from visceral to subcutaneous
adipose depots32, and DPP-4 protein expression in visceral fat
is higher than subcutaneous fat33. These findings suggest that
sitagliptin, in combination with pioglitazone, might synergisti-
cally increase incretin levels in patients with type 2 diabetes.
Although metformin and pioglitazone are classified as insu-

lin-sensitizing agents, their action mechanism is different from
each other. In the present study, the number of patients receiv-
ing pioglitazone monotherapy was too small to evaluate its pre-
cise effects. For that reason, we carried out statistical analyses
limited to the patients who had been taking metformin, and
confirmed that the effects on glucose-lowering and bodyweight
were the same as all the participants.
In contrast, a-glucosidase inhibitor also increases active GLP-

1, but it decreases gastric inhibitory polypeptide (GIP) and
postprandial serum insulin34,35. It is inferred that these changes
of incretin and insulin secretion after meals had occurred in
the a-glucosidase inhibitor group.
Both sitagliptin and a-glucosidase inhibitor are known to

lower postprandial blood glucose levels; we found that these

drugs also significantly increased 1,5-AG levels from baseline, a
marker reflecting postprandial blood glucose levels36. In con-
trast, only sitagliptin significantly decreased FPG levels from
baseline with no changes in fasting insulin concentrations or
HOMA-IR. These results might show that sitagliptin combined
with insulin sensitizer improved not only postprandial hyper-
glycemia through glucose-dependent insulin secretion, but also
inhibiting hepatic glucose production37. Sitagliptin is known to
suppress paradoxical glucagon secretion in patients with type 2
diabetes as well38. In the present study, there were no differ-
ences in the fasting plasma glucagon levels in both groups. This
result leads to our presumption that sitagliptin decreased the
postprandial plasma glucagon level more than a-glucosidase
inhibitor did.
It is reported that DPP-4 inhibitors have a potential to pro-

tect pancreatic islet cells39,40, and are expected to decrease car-
diovascular risk in type 2 diabetes41. These findings also give us
a rationale and further insights to use sitagliptin in combination
with metformin or pioglitazone.
In contrast, a-glucosidase inhibitors significantly decreased

bodyweight in the present study. This could have been as a
result of a reduction of postprandial insulin secretion, changes
in incretin hormone profiles (e.g., increase in active GLP-1 and
decrease in GIP)34,35, enhancing sensations of satiety42 and
energy expenditure43. These effects of a-glucosidase inhibitor-
related incretin secretion seem to be prominent in voglibose
and miglitol rather than acarbose44, and in not elderly
patients45. The present results show a potential benefit of a-glu-
cosidase inhibitors in treating obese and middle-aged patients
with type 2 diabetes.
Although some studies22,24,46 have shown that blood pressure

or lipid profiles (total cholesterol, high-density lipoprotein cho-
lesterol and triglycerides) are improved with sitagliptin, no sig-
nificant changes in these parameters were seen in the present
study. When the present study started, nearly half of the
patients had already been taking antihypertensive or antihyper-
lipidemic drugs, and their blood pressure and lipid profiles had
been in relatively good control (Table 1). So in our study, the
effects on blood pressure and lipid profiles by sitagliptin might
have been attenuated. The reasons why a-glucosidase inhibitor
increased the levels of lipid parameters in this study remains to
be elucidated.
As reported previously12–14,21–24,27,28, sitagliptin was well tol-

erated, with a small increase in the risk of gastrointestinal disor-
ders and hypoglycemia. In contrast, we observed a higher
frequency of gastrointestinal disorders and lower medication
compliance during treatment with an a-glucosidase inhibitor.
There were some potential limitations to the present study.

First, the number of participants enrolled was small, and the
treatment period of 24 weeks might have been too short. Sec-
ond, this study included possible selection bias. Also, the pres-
ent study was open-label trial, but the primary end-point
HbA1c was a hard end-point and other measures were put in
place in order to minimize the potential for bias. Third, we

Table 3 | Adverse events observed

Parameter Sitagliptin
(n = 58)

a-Glucosidase
inhibitor (n = 58)

P-value*

Any adverse event 19 (32.8) 30 (51.7) 0.0039
Serious adverse events 1 (1.7) 1 (1.7) 0.74
Drug-related adverse events 4 (6.9) 19 (32.8) 0.00050
Adverse events leading to
discontinuation

2 (3.5) 5 (8.6) 0.24

Deaths 0 0 1.0
Adverse events of special interest

Hypoglycemia 2 (3.5) 2 (3.5) 1.0
Gastrointestinal disorders 6 (10.3) 23 (39.7) 0.00030
Diarrhea 2 (3.5) 11 (19.0) 0.0081
Flatulence 3 (5.2) 10 (17.2) 0.039
Abdominal distention 1 (1.7) 10 (17.2) 0.0043
Nausea 1 (1.7) 3 (5.2) 0.62
Constipation 0 3 (5.2) 0.24
Abdominal pain 0 3 (5.2) 0.24
Loss of appetite 0 1 (1.7) 0.32

Data are presented as n (%). *P-values for differences between the si-
tagliptin and a-glucosidase inhibitor groups after 24 weeks of treat-
ment.
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only examined fasting parameters. Further studies are required
with a large number, longer follow-up period and taking into
account postprandial parameters.
In conclusion, we showed that sitagliptin, compared with

a-glucosidase inhibitors, provided greater glycemic control and
better tolerability with significantly lower gastrointestinal symp-
toms and higher medication compliance when used in combi-
nation with metformin or pioglitazone in Japanese patients
with type 2 diabetes. Our findings support the use of sitagliptin
in combination with metformin or pioglitazone in Japanese
patients with type 2 diabetes.
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Table S1 | Changes in secondary end-points from baseline to
week 12 and 24.
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