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ABSTRACT
Introduction: Teneligliptin, an antidiabetic
agent classified as a class III dipeptidyl peptidase-4 (DPP-4) inhibitor, has a unique structural
feature that provides strong binding to DPP-4
enzymes. We investigated the efficacy and
safety of switching patients with type 2 diabetes
mellitus (T2DM) who had inadequate glycemic
control on a stable dose of other DPP-4 inhibitors to teneligliptin.
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Methods: Patients with T2DM whose glycosylated hemoglobin (HbA1c) levels were C 7%
despite taking DPP-4 inhibitors other than
teneligliptin, with or without other hypoglycemic agents, for at least 3 months were
enrolled. The DPP-4 inhibitors taken before
participating in the study were switched to
20 mg qd teneligliptin, and this was to be
maintained for 52 weeks. The primary end
point was the change in HbA1c levels after
12 weeks. Metabolic parameters including fasting plasma glucose (FPG) and blood lipids were
assessed also. To assess safety, adverse and
hypoglycemic events were monitored. The data
from baseline to week 12 were used for analysis
in this interim report.
Results: The mean change in HbA1c levels
from baseline to week 12 was - 0.44%. At week
12, the percentage of patients achieving
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HbA1c \ 7.0% was 31.6% and that of achieving
HbA1c \ 6.5% was 11.4%, respectively. In
41.2% of patients, the HbA1c levels decreased
by at least 0.5% at 12 weeks. The mean change
in FPG levels from baseline to week 12 was
- 11.5 mg/dl. No severe hypoglycemia was
reported.
Conclusion: After switching to teneligliptin,
HbA1c levels decreased significantly in patients
with T2DM inadequately controlled with other
DPP-4 inhibitors.
Trial Registration: ClinicalTrials.gov, NCT0
3793023.
Funding: Handok Inc.
Keywords: Diabetes mellitus, Type 2; Dipeptidyl-peptidase IV inhibitors; Teneligliptin

INTRODUCTION
Approximately 8.8% of adults (20–79 years)
were estimated to have diabetes worldwide in
2017 [1]. Type 2 diabetes mellitus (T2DM),
which accounts for 90% of all diabetes cases, is
mainly caused by insulin resistance and insulin
deficiency. Impaired insulin action and lack of
insulin secretion result in imbalanced glucose
metabolism; then, chronic hyperglycemia
resulting from imbalanced glucose metabolism
induces cellular damage that mediates microand macrovascular complications [2]. Therefore, tight glycemic control is warranted to
reduce morbidity and mortality in patients with
T2DM. Due to the progressive nature of the
disease, glycemic control gets worse despite
careful management, and more intensive pharmacologic therapies are required over time.
Current practice guidelines recommend
metformin
monotherapy
as
first-line
J. H. Lee
Department of Internal Medicine, Catholic
University of Daegu, Korea, Daegu, Korea
K. J. Ahn
Department of Endocrinology and Metabolism,
Kyung Hee University School of Medicine, Seoul,
Korea
K. Kim
Medical Affairs, Handok Inc, Seoul, Korea

Diabetes Ther (2019) 10:1271–1282

pharmacologic treatment [3], which should be
intensified if the glycosylated hemoglobin
(HbA1c) target is not achieved after 3 months.
Dipeptidyl peptidase-4 (DPP-4) inhibitors are
one of the recommended treatment options for
T2DM. As they work in a glucose-dependent
manner, DPP-4 inhibitors are known to lower
HbA1c levels significantly with little risk of
hypoglycemia. Since the first approval of an
agent of this class in 2006, the use of DPP-4
inhibitors has increased remarkably. They are
the most popular agents used as add-on therapy
to metformin or sulfonylureas, and their use as
monotherapy agents has gradually increased
over the past several years [4]. It is known that
DPP-4 has multiple binding sites and that the
difference in binding mode between DPP-4
inhibitors is related to the potency and selectivity of the drugs [5]. Teneligliptin, classified as
a class III DPP-4 inhibitor, has a unique structural feature that provides strong binding to
DPP-4 enzymes compared with other gliptins
[6]. In addition, pleiotropic benefits of teneligliptin have been reported, including
improvement in the endothelial function and
lipid profile, which are important factors in the
management of metabolic diseases [7, 8].
A meta-analysis revealed that DPP-4 inhibitors offered a 0.65% reduction in HbA1c levels
[9]. A recent meta-analysis of randomized controlled trials showed that teneligliptin significantly reduced HbA1c levels by 0.82% (95% CI,
- 0.91 to - 0.72) compared with placebo [10].
After 24 weeks of teneligliptin therapy, mean
absolute HbA1c level reductions in Korean
patients were - 0.94% when used as mono and
dual therapy, respectively [11]. Compared with
the HbA1c level changes observed in the previous studies of DPP-4 inhibitors [12, 13], these
somewhat larger changes suggest that teneligliptin may offer greater efficacy than other
DPP-4 inhibitors.
The aim of this study was to evaluate the
efficacy and safety of switching therapy to
teneligliptin in patients with T2DM who had
inadequate glycemic control despite treatment
with a stable dose of other DPP-4 inhibitors.
This study has been planned to follow up participants from baseline to 52 weeks after
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enrollment, and it is ongoing. Here, we report
the 12-week interim results from the study.

METHODS
Study Design and Participants
This was a multicenter, open-label, single-arm,
prospective observational study in which 105
sites across Korea participated (ClinicalTrials.gov registration number: NCT03793023). The
study was initiated in 2017 and is estimated to
be finished by 2019. Patients with T2DM whose
HbA1c levels were C 7% despite taking other
DPP-4 inhibitors with or without other hypoglycemic agents for at least 3 months were
screened and enrolled. Patients were eligible for
this trial if they met all the following inclusion
criteria: men and women with T2DM; age
C 19 years; had been diagnosed with T2DM at
least 3 months before enrollment; had received
stable doses of DPP-4 inhibitors for at least
12 weeks; had HbA1c levels [ 7.0%; had been
judged as suitable for changing DPP-4 inhibitors
by the investigator. Excluded were patients with
contraindications to teneligliptin or patients
who had received prior treatment with teneligliptin. Pregnant or lactating women were also
excluded. After completion of the baseline
assessment, their DPP-4 inhibitors were switched to teneligliptin. Patients were to take
teneligliptin (20 mg per day) from the day of

Fig. 1 Study design

1273

study enrollment until week 52 (Fig. 1). Baseline
concomitant antidiabetic regimens were to be
maintained throughout the study. The followup visits were scheduled at 12, 24, and 52 weeks
after enrollment. At each visit, patients’ HbA1c
levels, fasting plasma glucose (FPG) levels,
serum lipids levels, weight, body mass index
(BMI), and adverse events (AEs) were assessed.
This study was conducted in accordance
with the Declaration of Helsinki. All patients
gave written informed consent before participating in the study, and the study was initiated
after approval of the study protocol by the
institutional review board at each site or by the
local institutional review boards (Supplementary Table S2), including Ajou University
Hospital IRB (AJIRB-MED-OBS-15-410).
Outcome Measures
The primary outcome of this study was the
mean changes in HbA1c levels from baseline to
week 12. The secondary outcomes included the
mean changes in HbA1c levels from baseline to
week 24 and 52. The mean changes in the levels
of FPG, serum lipids [i.e., total cholesterol, lowdensity lipoprotein-cholesterol (LDL-C), highdensity lipoprotein-cholesterol (HDL-C), and
triglycerides], weight, and BMI from baseline to
week 12, 24, and 52 were also secondary outcomes. The percentage of patients with HbA1c
levels \ 7.0% or \ 6.5% at week 12, 24, and 52,
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the percentage of patients with an HbA1c
reduction of C 0.3% or C 0.5% from baseline to
week 12, 24, and 52, and the results of the safety
assessment were included in the secondary
outcomes. The data from baseline to week 12
were used for analysis in this interim report.
Safety was assessed based on the incidence of
AEs and hypoglycemic episodes. Regarding
hypoglycemia, patients were asked to describe
their experience of hypoglycemic episodes. Any
patient who reported a self-monitored blood
glucose (SMBG) level \ 70 mg/dl, with or without one of the following symptoms: sweating,
fatigue, dizziness, headache, tremor, hunger,
irritability, and seizure, was considered to have
a hypoglycemic episode. Severe hypoglycemia
was considered if the patients required thirdparty assistance, administration of glucagon, or
fast-acting carbohydrate for recovery.

was performed in the analyses of other outcomes. The results from individual paired t-test
were presented at a two-sided significance level
of 0.05.

RESULTS
Patient Disposition, Demographics,
and Clinical Characteristics
Of the 1947 patients who were screened, 1888
were enrolled in this study, and 1732 completed
the visit at 12 weeks as of 30 July 2017. Two
analysis sets, an efficacy set and a safety set,
were predefined for the analysis of efficacy and
safety outcomes, respectively. The efficacy set
comprised 1426 patients who were enrolled and
reported HbA1c levels at least once after

Statistical Methods
The sample size was calculated to detect 0.3% of
change in HbA1c levels after switching to
teneligliptin assuming a standard deviation of
0.65% based on the result of a teneligliptin
phase III study conducted in Korea [14]. The
null hypotheses were that there would be no
difference in changes in HbA1c levels after
12 weeks of switching from each of the six DPP4 inhibitors or from overall DPP-4 inhibitors to
teneligliptin. Individual paired t-tests were performed repeatedly to reject at least one null
hypothesis of the seven null hypotheses. This
interim analysis includes 1732 patients who
completed the second visit (week 12) as of 30
July 2017.
Descriptive statistics (mean and standard
deviation) are used to describe continuous
variables of baseline demographic and biochemical parameters, and counts with percentages are presented for categorical variables of
baseline demographic and biochemical parameters. As for the primary outcome analyses (i.e.,
analysis for the changes in HbA1c level from
baseline to week 12), conclusions of statistical
significance were drawn based on Hochberg’s
step-up method for controlling the overall type
I error to be 0.5%. No correction for multiplicity
Fig. 2 Flow diagram of study participants
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Table 1 Baseline characteristics

Table 1 continued
Efﬁcacy set
(N = 1426)

Age, years

62.8 ± 11.2

C 65 years, n (%)

647 (45.4)

\ 65 years, n (%)

779 (54.6)

Male, n (%)

719 (50.4)

Female, n (%)

707 (49.6)

Duration of diabetes, years

8.2 ± 6.9

Weight, kg

67.0 ± 11.3

BMI, kg/m

2

25.2 ± 3.1

HbA1c, %

7.9 ± 0.9

FPG, mg/dl

169.2 ± 57.2

Total cholesterol, mg/dl

172.4 ± 42.0

LDL-C, mg/dl

92.4 ± 34.2

HDL-C, mg/dl

45.8 ± 10.9

Triglyceride, mg/dl

182.4 ± 118.3

SBP, mmHg

128.9 ± 12.7

DBP, mmHg

77.5 ± 9.2

Concomitant antidiabetic agents,
n (%)
None

275 (19.3)

Metformin monotherapy

707 (49.6)

Sulfonylurea monotherapy

30 (2.1)

Metformin ? sulfonylurea

282 (19.8)

Insulin

61 (4.3)

Others

71 (5.0)

Prior DPP-4 therapies, n (%)
Linagliptin

553 (38.8)

Sitagliptin

379 (26.6)

Vildagliptin

228 (16.0)

Gemigliptin

115 (8.1)

Saxagliptin

94 (6.6)

Efﬁcacy set
(N = 1426)
Alogliptin

57 (4.0)

Data are mean ± standard deviation unless otherwise
indicated
BMI body mass index, FPG fasting plasma glucose, LDL-C
low-density lipoprotein-cholesterol, HDL-C high-density
lipoprotein-cholesterol; SBP systolic blood pressure, DBP
diastolic blood pressure

receiving the study treatment. The safety set
included 1732 patients who received study
treatment at least once (Fig. 2).
The baseline demographics and clinical
characteristics of the study population are presented in Table 1. The mean age of the patients
was 62.8 years, and the percentage of the
patients aged C 65 years was 45.4%. The mean
duration of T2DM was 8.2 years, and the mean
baseline HbA1c level was 7.9%. There were six
DPP-4 inhibitors that were taken by the enrolled
patients prior to baseline: linagliptin (38.8%),
sitagliptin (26.6%), vildagliptin (16.0%), gemigliptin (8.1%), saxagliptin (6.6%), and alogliptin (4.0%), which are listed in the order of most
to least used. As for the antidiabetic therapies
used concomitantly with teneligliptin, metformin monotherapy was the most used therapy
(49.6%) followed by metformin and sulfonylurea dual therapy (19.8%), other therapies
(5.0%), insulin therapy (4.3%), and sulfonylurea
monotherapy (2.1%). The duration of patients’
treatment with concomitant antidiabetics
before they participated in this study is presented according to their prior gliptin levels in
Supplementary Table S1.
Efficacy
The mean change in HbA1c levels from baseline
to week 12 was - 0.44% (P \ 0.0001) in patients
overall (Fig. 3a). Subgroup analysis according to
baseline HbA1c levels (C 8.0% vs. \ 8.0%)
showed that the mean decrease in HbA1c levels
was greater in patients with HbA1c levels C
8.0% at baseline than in patients with HbA1c
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levels \ 8.0% (- 0.74% vs. - 0.30%, Fig. 3b).
The mean changes in HbA1c levels were also
evaluated in the six patient groups in which the
patients were subdivided according to their
prior DPP-4 inhibitor therapies. There were significant decreases from baseline to week 12
mean HbA1c levels in the patients switched
from linagliptin, sitagliptin, vildagliptin, and
saxagliptin to teneligliptin. Though mean
HbA1c levels also decreased from baseline in the
patients switched from alogliptin or gemigliptin
to teneligliptin, this was not statistically significant (Fig. 3a and Table 2).
With respect to the responder rate, the percentage of patients achieving HbA1c levels \
7.0% at week 12 was 31.6% (452/1426) and
that of achieving HbA1c levels \ 6.5% was
11.4% (162/1426) (Fig. 3c). At week 12, the
percentages of patients with a decrease of at
least 0.3% and 0.5% in HbA1c levels were 57.9%
(825/1426) and 41.2% (587/1426), respectively
(Fig. 3d).

After 12 weeks of switching to teneligliptin,
statistically significant changes in mean FPG
levels, weight, BMI, and serum lipid levels were
observed (Table 2). The mean FPG level was
reduced from 169.2 mg/dl to 159.5 mg/dl in
patients overall with a mean change of 11.5 mg/dl (P \ 0.0001). Taking into account
the six prior therapies, patients who switched
from linagliptin, sitagliptin, and vildagliptin
showed a significant reduction in FPG levels
(P \ 0.05), and the others showed decreasing
trends that were not statistically significant. The
weight decreased by a mean of 0.4 kg
(P \ 0.0001) from baseline, and the mean BMI
also decreased by 0.1 kg/m2 (P \ 0.0001).
Among the serum lipid parameters, total
cholesterol and LDL-C levels decreased from
baseline to week 12 (P \ 0.05).

Fig. 3 HbA1c outcomes after 12-week treatment of
teneligliptin. a Changes in HbA1c levels at week 12.
b Changes in HbA1c levels according to baseline levels.
c Percentages of patients achieving target HbA1c levels.

d Percentages of patients with meaningful decrease in
HbA1c levels. aStatistically signiﬁcant according to the
Hochberg method. bP \ 0.05

\ 0.0001

0.0106e

0.5912

- 9.3 ± 46.4

- 6.3 ± 98.3

0.2543

DMean

P valuea
0.4491

166.9 ± 103.7
156.5 ± 68.9

182.4 ± 118.3

Baseline

0.4740

1.1 ± 6.4

Week 12 163.1 ± 104.9

Triglyceride, mg/dl

0.2 ± 6.5

DMean

P valuea

49.2 ± 11.7
51.2 ± 15.8

45.8 ± 10.9

Baseline

0.4384

- 3.9 ± 19.8

Week 12 47.1 ± 10.8

HDL-C, mg/dl

- 2.7 ± 21.1

DMean

P valuea

93.7 ± 29.7
95.4 ± 25.3

92.4 ± 34.2

Baseline

Week 12 86.6 ± 27.9

LDL-C, mg/dl

- 0.3 ± 23.0

- 4.6 ± 28.0

\ 0.0001e

DMean

P valuea
0.9395

166.1 ± 36.7
161.2 ± 31.0

172.4 ± 42.0

Baseline

Week 12 163.5 ± 35.0

Total cholesterol, mg/dl

P value
0.3603

- 6.7 ± 45.3

e

- 11.5 ± 60.4

DMean

a

161.3 ± 43.9
151.7 ± 41.0

0.005

169.2 ± 57.2

Baseline

0.0007

1

0.0999

- 0.18 ± 0.83

Week 12 159.5 ± 56.3

FPG, mg/dl

0.005/k

7

Kc

d

- 0.44 ± 0.86

\ 0.0001b

DMean

P valuea

8.18 ± 1.07
7.99 ± 1.11

7.89 ± 0.92

Baseline

0.1407

- 15.1 ± 80.1

151.6 ± 64.7

158.9 ± 103.4

0.1375

- 1.0 ± 4.9

44.7 ± 9.6

44.2 ± 10.2

0.4969

1.9 ± 22.1

76.1 ± 26.2

79.3 ± 29.6

0.8616

- 0.5 ± 23.2

147.3 ± 33.2

150.3 ± 31.7

0.6522

- 2.5 ± 54.1

160.3 ± 51.5

161.2 ± 47.5

0.0025

2

0.0045

- 0.21 ± 0.78

7.54 ± 1.00

7.75 ± 0.74

0.4765

- 19.9 ± 101.7

169.9 ± 144.6

182.9 ± 121.4

0.4456

- 1.3 ± 6.3

45.3 ± 9.6

45.2 ± 10.8

0.1402

- 8.3 ± 18.2

95.4 ± 37.0

97.6 ± 29.6

0.1992

- 10.6 ± 41.8

160.4 ± 39.6

179.0 ± 35.1

0.5660

- 4.3 ± 52.4

155.3 ± 44.7

164.5 ± 46.3

0.0017

3

0.0002b

- 0.36 ± 0.88

7.76 ± 1.11

8.12 ± 1.06

0.4883

- 11.1 ± 104.3

173.1 ± 97.9

179.7 ± 139.1

0.7847

- 0.3 ± 6.5

44.1 ± 9.2

44.1 ± 12.1

0.2060

- 5.5 ± 29.0

87.0 ± 28.3

89.2 ± 30.1

0.4557

- 2.4 ± 26.7

154.3 ± 32.3

162.5 ± 41.1

0.0454

- 8.3 ± 51.9

153.1 ± 45.4

162.8 ± 44.9

0.0013

4

\ 0.0001b

- 0.58 ± 1.11

7.39 ± 1.09

7.96 ± 0.97

0.6319

4.8 ± 97.6

165.1 ± 111.7

199.0 ± 121.6

0.3903

0.5 ± 6.1

45.6 ± 9.8

44.7 ± 10.3

0.0044e

- 4.4 ± 18.7

85.6 ± 22.9

96.9 ± 38.9

0.0232e

- 5.4 ± 31.6

162.6 ± 32.3

178.4 ± 50.1

0.0007

e

- 9.8 ± 43.8

154.9 ± 38.5

165.9 ± 43.2

0.001

5

\ 0.0001b

- 0.51 ± 0.80

7.37 ± 0.91

7.88 ± 0.83

0.5722

- 7.1 ± 114.7

162.5 ± 118.4

179.5 ± 110.2

0.3272

0.7 ± 7.5

50.1 ± 11.0

47.3 ± 10.8

0.6188

- 1.0 ± 20.0

90.1 ± 32.2

93.0 ± 31.7

0.0011e

- 5.6 ± 24.4

173.7 ± 32.3

176.2 ± 36.1

\ 0.0001e

- 18.6 ± 76.7

167.2 ± 72.9

178.5 ± 73.4

0.0008

6

\ 0.0001b

- 0.43 ± 0.78

7.41 ± 1.04

7.84 ± 0.94

Overall (N = 1426) Alogliptin (N = 57) Gemigliptin (N = 115) Saxagliptin (N = 94) Vildagliptin (N = 228) Sitagliptin (N = 379) Linagliptin (N = 553)

Week 12 7.45 ± 1.03

HbA1c, %

Table 2 Summary of changes in efﬁcacy from baseline to week-12 endpoint
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Data are mean ± standard deviation unless otherwise indicated
FPG fasting plasma glucose, LDL-C low-density lipoprotein-cholesterol, HDL-C high-density lipoprotein-cholesterol
a
Paired t-test between baseline and week 12
b
Statistically signiﬁcant
c
Numbered according to the magnitude of the P value from greatest to smallest. In case the P values were equal, priority was given to those with greater t statistics
d
Signiﬁcance level by the Hochberg method
e
Statistically signiﬁcant if P \ 0.05

0.0010e
0.0016e
0.8295
\ 0.0001e
P valuea

0.5700

0.2433

0.0006e

68.2 ± 11.1

- 0.4 ± 2.1

66.1 ± 11.2

- 0.4 ± 1.9

64.3 ± 10.0
67.2 ± 13.1

- 0.4 ± 2.1

66.6 ± 12.2
65.8 ± 12.5

0.0 ± 1.2

Week 12 66.6 ± 11.2

DMean

- 0.2 ± 3.3

0.3 ± 1.5

- 0.5 ± 1.7

68.3 ± 12.0
68.1 ± 12.3
67.0 ± 11.3
Baseline

Weight, kg

66.9 ± 12.1

66.5 ± 11.5

65.2 ± 10.4

67.0 ± 10.4

Safety

Overall (N = 1426) Alogliptin (N = 57) Gemigliptin (N = 115) Saxagliptin (N = 94) Vildagliptin (N = 228) Sitagliptin (N = 379) Linagliptin (N = 553)

Table 2 continued
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A total of 63 AEs were reported in 51 patients
from the safety set with an incidence rate of
2.9% (Table 3). Dizziness (0.3%) and headache
(0.3%) were the most commonly reported AEs.
All reported AEs were mild to moderate in
severity. Adverse drug reactions (ADRs), the AEs
that were assumed to be related to the study
treatment, were reported in six patients (0.4%).
Of the seven serious adverse events reported in
six patients, none was assessed to be related to
the study treatment. Five patients withdrew
from this study before week 12 because of AEs.
Hypoglycemia was reported in six patients
(0.4%) at 12 weeks. The reported hypoglycemic
symptoms were dizziness (0.4%, 4/1732),
sweating (0.1%, 1/1732), fatigue (0.1%, 1/1732),
headache (0.1%, 2/1732), tremor (0.1%,
1/1732), and hunger (0.1%, 1/1732). No severe
hypoglycemia was reported.

DISCUSSION
In the present study, switching therapy from
other DPP-4 inhibitors to teneligliptin lowered
HbA1c levels by 0.44% from baseline to week 12
in patients with inadequate glycemic control
despite treatment with other DPP-4 inhibitors.
FPGs level also decreased by 11.5 mg/dl after
12 weeks.
The decrease of 0.44% in HbA1c levels
observed in this study was comparable to the
known minimal clinically meaningful difference in HbA1c level, which is regarded as a
conservative estimate for the magnitude of the
treatment effect in the T2DM trials [15, 16].
Based on the results of a few head-to-head trials
or meta-analyses comparing the efficacy
between DPP-4 inhibitors, there is general consensus that the HbA1c-lowering effects of gliptins are broadly similar [9, 12, 17–23]. However,
here we observed that HbA1c levels decreased
further after switching to teneligliptin, which
belongs to the same class of drugs. Moreover,
the percentage of patients who achieved HbA1c
levels \ 7.0% were comparable to those reported in previous studies with similar baseline
HbA1c levels [12, 24].
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Table 3 Summary of overall safety during 12 weeks
Safety set (N = 1732)
No. of subjects
(%)

No. of
events

51 (2.9)

63

Mild

47 (92.2)

57

Moderate

6 (11.8)

6

Severe

0

0

Adverse events

Serious adverse events 6 (0.4)

7

Adverse drug
reactions

6 (0.4)

6

Dizziness

3 (0.2)

3

Abdominal
distension

1 (0.1)

1

Dry mouth

1 (0.1)

1

Hypoglycaemia

1 (0.1)

1

Adverse events reported in C 0.2% of subjects
Dizziness

6 (0.3)

6

Headache

5 (0.3)

5

Dyspepsia

3 (0.2)

3

Hypoglycaemia

6 (0.4)

6

Given that the patient population of this
study comprised T2DM patients whose HbA1c
levels were inadequately controlled with prior
gliptin therapies, it is supposed that the differences in binding affinity and potency between
gliptins are plausible causes for these findings.
Indeed, it was shown that significant differences
in the degree of DPP-4 inhibition among DPP-4
inhibitors exist [25], and a correlation between
plasma DPP-4 inhibition and glucose-lowering
was found [26]. In this context, several studies
showed that changes in HbA1c levels were
greater after treatment with vildagliptin than
other gliptins, supporting the notion that the
glucose-lowering effects of DPP-4 inhibitors are
significantly different [27–30]. As mentioned
before, teneligliptin was found to bind more
tightly to the DPP-4 enzyme than other gliptins
because of their ‘‘J-shaped’’ structure formed by
five rings [31]. The long-time and strong

binding to the DPP-4 enzyme makes teneligliptin more potent and elicits a further
decrease in HbA1c levels after switching to it. In
this study, we provide additional support for
the assumption that there may be differences in
efficacy among DPP-4 inhibitors by showing a
significant decrease in HbA1c levels after
changing gliptins to teneligliptin. However, it is
still necessary to investigate whether clinically
meaningful differences due to different binding
modes of teneligliptin and other gliptins to the
DPP-4 enzyme exist. In a recent study by Kim
et al. [32], although the patients’ baseline
characteristics were somewhat different from
those of our study, teneligliptin was not inferior
to sitagliptin in terms of glycemic control. More
head-to-head, comparative trials are needed to
confirm the differences in efficacy between
these DPP-4 inhibitors.
We expect that our study results will support
another treatment option: switching of agents
within the same class before adding other classes. Though present guidelines suggest adding
other hypoglycemic agents of different classes
to existing therapies of patients who do not
achieve adequate glycemic control, this may
increase the pill and economic burdens, which
are both factors that affect patient compliance.
Switching agents within the same class could be
a treatment option in this case. One retrospective study reported that switching from sitagliptin (50 mg) to vildagliptin (100 mg)
significantly reduced HbA1c levels after
24 weeks of treatment, while increasing the
sitagliptin dose from 50 mg to 100 mg failed to
significantly reduce HbA1c levels [33]. Likewise,
our study showed that switching from other
gliptins to teneligliptin significantly reduced
HbA1c levels after 12 weeks of treatment. To
generalize our findings, it might be useful to
investigate whether switching patients from
teneligliptin to other gliptins improves HbA1c
values or not.
Regarding the other metabolic parameters
such as weight, BMI, or lipid parameters, no
clinically meaningful change was observed in
this study, though there were favorable trends,
some of which were statistically significant.
Switching to teneligliptin was well tolerated. No
unexpected AEs or severe hypoglycemia were
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reported, and all AEs including hypoglycemia
were mild to moderate in severity.
There are some limitations in this study. One
is that the current study did not include a
control group for comparison. Thus, we cannot
be sure whether the observed values are due to
the treatment itself or not. Because of the nature of observational studies, there may be many
confounding factors affecting the study outcomes such as lifestyle modification or compliance to the study drug. In addition, it is possible
that seasonal variations in HbA1c could affect
the results of this study [34]. A well-controlled,
randomized study is warranted to overcome this
limitation. The other limitation is that because
we report interim findings of the study, it is
particularly difficult to ascertain whether these
findings will be maintained during a 1-year
period of follow-up.

the work as a whole, and have given their
approval for this version to be published.

CONCLUSION

Compliance with Ethics Guidelines. This
study was conducted in accordance with the
Declaration of Helsinki. All patients gave written informed consent before participating in
the study, and the study was initiated after
approval of the study protocol by the institutional review board at each site or by the local
institutional review boards (Supplementary
Table S2), including Ajou University Hospital
IRB (AJIRB-MED-OBS-15-410).

In conclusion, we found that HbA1c levels
decreased significantly after switching patients
with T2DM inadequately controlled with other
DPP-4 inhibitors to teneligliptin. Taken together, we suppose that the HbA1c decreases
observed in this study could be evidence of the
superior potency of teneligliptin. Further studies are required to confirm our findings.
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