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ABSTRACT

Introduction: The aim of this study was to
assess the efficacy and safety of switching to
teneligliptin from other dipeptidyl peptidase-4
(DPP-4) inhibitors in patients with type 2 dia-
betes mellitus (T2DM) inadequately controlled
despite treatment with a stable dose of other
DPP-4 inhibitors.

Methods: Patients with glycosylated hemoglo-
bin (HbA1c) C 7% despite taking DPP-4 inhibi-
tors other than teneligliptin, with or without
other antidiabetic agents, for at least 3 months
were enrolled in this study. Patients on DPP-4
inhibitors administered prior to participation in
this study were switched to 20 mg teneligliptin
once daily and the dose was maintained for the
52-week study period. The primary endpoint
was the change in HbA1c at week 12. Fasting
plasma glucose (FPG) and the blood lipid profile
were also evaluated. Adverse events were mon-
itored for safety assessment.
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Results: At weeks 12, 24, and 52, the HbA1c
values significantly decreased by - 0.39, - 0.44,
and - 0.52%, respectively, compared to the
baseline value (p\ 0.0001); in addition, 56.3,
60.3, and 62.3% of patients, respectively,
achieved decreases in HbA1c of at least 0.3%,
and 40.1, 46.5, and 52.4% of patients, respec-
tively, achieved decreases in HbA1c of at least
0.5%. The proportion of the patient population
achieving HbA1c\ 7.0% increased throughout
the study period, reaching 30.4, 35.4, and
36.9% at weeks 12, 24, and 52, respectively; at
these same time points, the percentage of
patients achieving HbA1c\6.5% increased to
9.5, 11.9, and 13.2% of the total study popula-
tion. FPG levels and lipid parameters were also
significantly decreased after teneligliptin treat-
ment. There were no significant safety
concerns.
Conclusion: Our results suggest the significant
glucose-lowering effect of teneligliptin after
switching from other DPP-4 inhibitors in
patients with T2DM. The improvement in gly-
cemic control was maintained for up to
52 weeks without safety concerns.

Keywords: Diabetes mellitus, type 2;
Dipeptidyl peptidase IV inhibitors; Teneligliptin

Key Summary Points

Why carry out this study?

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 to teneligliptin from other DPP-
4 inhibitors in patients with type 2
diabetes mellitus (T2DM) inadequately
controlled despite treatment with a
stable dose of other DPP-4 inhibitors.

What was learned from the study?

Glycosylated hemoglobin (HbA1c) levels
decreased significantly in these patients
with T2DM after the switch to
teneligliptin, and the improvement in
glycemic control was maintained for up to
52 weeks without safety concerns.

The results suggest that the HbA1c
decreases observed in this study may be
evidence of the superior potency of
teneligliptin.

INTRODUCTION

The global prevalence of diabetes was estimated
to be 9.3% of the world’s adult population in
2019 and projected to reach 10.2% by 2030 and
10.9% by 2045 [1]. Diabetes is a progressive
disease, with progression associated with wors-
ening glycemic control and increased risk for
chronic hyperglycemia-induced complications,
including microvascular and macrovascular
diseases [2]. These co-morbidities exacerbate the
burden of diabetes on individuals and health-
care systems. Consequently, optimal glucose
management is required to prevent or delay the
onset of complications [3].
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Dipeptidyl peptidase-4 (DPP-4) inhibitors
increase the levels of active incretin hormones
by inhibiting DPP-4 activity, improving hyper-
glycemia in a glucose-dependent manner
through the stimulation of insulin secretion
and inhibition of glucagon secretion. Conse-
quently, DPP-4 inhibitors have been used as
antidiabetic drugs that can decrease glucose
fluctuations in diabetic patients, with good
safety [4, 5]. DPP-4 inhibitors are currently the
most popular add-on therapy to metformin and
sulfonylureas (SU) and their use has gradually
increased in recent years [6].

DPP-4 has multiple binding sites that deter-
mine the potency and selectivity of different
DPP-4 inhibitors. In comparison to other DDP-4
inhibitors, teneligliptin has a unique structural
feature that enables relatively stronger binding
[7]. Previous studies have shown that tene-
ligliptin can significantly reduce glycosylated
hemoglobin (HbA1c) when administered as
monotherapy or as adjuvant to metformin, gli-
mepiride, or insulins [8–12]. Meta-analyses
showed that compared with placebo, DPP-4
inhibitors lowered HbA1c by 0.65% [13] and
teneligliptin lowered HbA1c by 0.82%, a sig-
nificant reduction [14]. These somewhat larger
changes may indicate that teneligliptin has a
greater efficacy than other DPP-4 inhibitors, but
only limited information on switching from
other DPP-4 inhibitors to teneligliptin is cur-
rently available.

Consequently, the aim of this study was to
evaluate the efficacy and safety of switching
from therapy with other DPP-4 inhibitors to
teneligliptin in patients with type 2 diabetes
mellitus (T2DM) and inadequate glycemic con-
trol despite treatment with a stable dose of
other DPP-4 inhibitors. We previously reported
12-week interim results in which blood glucose
was lowered further without any safety con-
cerns after the switch to teneligliptin [15]. Here,
we report the final results of the 52-week study.

METHODS

Study Design and Participants

This 52-week, open-label, single-arm, multi-
center, prospective observational study was
conducted in the Republic of Korea between
January 2016 and September 2019 (ClinicalTri-
als.gov: NCT03793023). The planned number of
participating sites was initially 105, but ulti-
mately 90 hospitals actually participated. All
patients provided written informed consent
before being enrolled in the study. The study
was conducted in accordance with the Decla-
ration of Helsinki, and the protocol was
approved by the institutional review board of
each center or by the local institutional review
board (IRB), including Ajou University Hospital
IRB (AJIRB-MED-OBS-15-410) [a full list of par-
ticipating centers is provided in Electronic
Supplementary Material (ESM) Table S2].

A detailed description of the study design
and the eligibility criteria for study participants
have been previously described in the 12-week
interim report [15]. Briefly, patients with T2DM
whose HbA1c was C 7% despite taking DPP-4
inhibitors with or without other antidiabetic
agents for at least 3 months were screened and
enrolled. Eligible patients switched prior DPP-4
inhibitors to teneligliptin (20 mg/day) and
baseline concomitant antidiabetic regimens
were maintained for 52 weeks. Patients were
removed from the study if any of the following
occurred: adverse events that made it difficult to
continue; modification of another antidiabetic
treatment; participant’s decision to withdraw
consent for any reason; violation of inclusion/
exclusion criteria; lost to follow-up; and if, in
the investigators’ opinion, a patient was unable
to continue to participate. Study visits were
scheduled at baseline and at weeks 12, 24, and
52 after the switch to teneligliptin. To evaluate
the effect of switching from other DPP-4 inhi-
bitors to teneligliptin, patients’ HbA1c, fasting
plasma glucose (FPG), serum lipid [total
cholesterol, low-density lipoprotein-cholesterol
(LDL-C), high-density lipoprotein-cholesterol
(HDL-C), and triglyceride values], weight, and
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body mass index (BMI) were assessed. Data on
adverse events (AEs) were also collected.

Outcome Measures

The primary endpoint was the mean change in
HbA1c from baseline to week 12. The secondary
endpoints included the mean change in HbA1c
from baseline to weeks 24 and 52; mean change
in FPG, weight, BMI, and serum lipids from
baseline to weeks 12, 24, and 52; the percentage
of participants achieving HbA1c\7% or
\6.5% at weeks 12, 24, and 52; and the per-
centage of patients with HbA1c reduction of C
0.3% or C 0.5% from baseline to weeks 12, 24,
and 52. For the primary endpoint, subgroup
analysis was performed to evaluate the change
in HbA1c values at 12 weeks after switching to
teneligliptin therapy according to age, duration
of T2DM, baseline BMI, and baseline HbA1c
values.

Safety was assessed by monitoring AEs,
hypoglycemic events, laboratory tests, and vital
signs. A hypoglycemic episode was identified by
asking patients about their experience of
hypoglycemic symptoms or a self-monitoring
blood glucose level of\ 70 mg/dL with or
without one of the following symptoms:
sweating, fatigue, dizziness, headache, tremor,
hunger, irritability, and seizure. Severe hypo-
glycemia was defined as requiring the assistance
of another person to take corrective action [16].

Statistical Analysis

All statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA).
Continuous variables of the baseline demo-
graphic and biochemical parameters were
described as descriptive statistics [mean ±

standard deviation (SD)], and categorical vari-
ables were presented as counts with percent-
ages. The efficacy set included all patients who
were enrolled and reported at least one HbA1c
level after receiving study treatment. The safety
analysis set included all patients who received
at least one dose of the study drug. Missing data
were not imputed.

We calculated the sample size to achieve at
least 90% power with a 0.05% significance level
to detect a 0.3% change in HbA1c after switch-
ing to teneligliptin [15]. The null hypotheses
were that there would be no difference in
HbA1c after 12 weeks of switching therapy (1)
from each of the six original DPP-4 inhibitors to
teneligliptin or (2) from DPP-4 inhibitors over-
all to teneligliptin.

Changes in any efficacy measure from base-
line to each time point were analyzed using
paired t test at a two-sided significance level of
5%. For the primary endpoint, multiple testing
correction was performed based on Hochberg’s
step-up method.

All AEs were classified according to the
Medical Dictionary for Regulatory Activities
Version 23.0 (MedDRA 23.0), and the incidence
rate and number of events were presented
according to System Organ Class (SOC) and
preferred terms (PT) categorization.

RESULTS

Baseline Characteristics of Patients

A total of 2983 patients were enrolled out of the
3093 patients screened, of which 2923 patients
were analyzed as a safety set and 2501 patients
were included in an efficacy set (Fig. 1). The
number of patients for whom efficacy data were
available varied during the 52-week study per-
iod, with efficacy data available for 1895, 1683,
and 1503 patients at weeks 12, 24, and 52,
respectively.

The baseline characteristics of the study
population are summarized in Table 1. The
mean (±SD) age of patients was
63.1 ± 11.0 years, with patients aged[65 years
accounting for 46.4% of the study population,
and 51.70% (1293/2501) were male. The mean
duration of T2DM was 8.8 ± 7.2 years. The
mean HbA1c values at baseline were
7.94 ± 0.96%. Prior to enrolling in the study,
approximately 15% of patients had been treated
with a DDP-4 inhibitor as monotherapy, while
the other patients had been treated with a
DPP-4 inhibitor as an add-on therapy with one
or more antidiabetic agents. Prior to the switch
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to teneligliptin, the most frequently adminis-
tered DPP-4 inhibitor was linagliptin (34.4%),
followed, in decreasing order of use, by sita-
gliptin (25.6%), gemigliptin (13.3%), vildaglip-
tin (13.1%), saxagliptin (8.6%), and alogliptin
(5.0%).

Efficacy

Glycosylated hemoglobin values decreased sig-
nificantly 12 weeks after switching treatment to
teneligliptin, and these reductions were main-
tained through to 52 weeks. Overall, HbA1c was
7.94% at baseline, subsequently significantly
decreasing to 7.53% (- 0.39%; p\ 0.0001),
7.45% ( - 0.44%; p\0.0001), and 7.42%

Fig. 1 Flow diagram of patient inclusion in study
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(- 0.52%; p\0.0001) at weeks 12, 24, and 52,
respectively (Table 2; Fig. 2a). In the individual
DPP-4 inhibitor groups, the ranges of differ-
ences were - 0.16 to - 0.51, - 0.23 to - 0.56
and - 0.22 to - 0.69 at weeks 12, 24 and 52,
respectively, compared to the baseline (ESM
Table S1).At weeks 12, 24, and 52 after the
switch to teneligliptin, 56.3, 60.3, and 62.3% of
patients showed a decrease in HbA1c of at least
0.3%, and 40.1, 46.5, and 52.4% of patients
showed a decrease in HbA1c of at least 0.5%
(Fig. 2b). In terms of response rate, the propor-
tion of patients who achieved HbA1c\7.0%
increased throughout the study period, with
30.4, 35.4, and 36.9% of patients achieving
HbA1c \ 7% at weeks 12, 24, and 52, respec-
tively. A similar trend was observed for patients
achieving HbA1c\6.5%, with 9.5, 11.9, and
13.2% of patients achieving this outcome at
weeks 12, 24, and 52, respectively (Fig. 2c).

In the subgroup analysis at week 12, the
effect on HbA1c of switching to teneligliptin
treatment was consistent across subgroups. The
mean changes in HbA1c in patients aged\ 65
and C 65 years were statistically significant
(- 0.40 and - 0.38%, respectively; p\ 0.0001;
Fig. 3a). Patients with T2DM duration
of\ 5 years had a decrease in HbA1c of 0.60%
and those with T2DM duration of C 5 years had
a decrease of 0.28%; the reductions in both
subgroups were significant (p\0.0001; Fig. 3b).
Hyperglycemia was also attenuated regardless of
BMI. All BMI subgroups (\23, C 23 and\25, C
25 kg/m2) showed a significant reduction in

Table 1 Baseline characteristics of the study population

Baseline characteristics Efficacy set
(n = 2501)

Age (years) 63.1 ± 11.0

\ 65 years, n (%) 1340 (53.58)

C 65 years, n (%) 1161 (46.42)

Male, n (%) 1293 (51.70)

Duration of diabetes (years) 8.8 ± 7.2

Weight (kg) 66.6 ± 11.2

BMI (kg/m2) 25.1 ± 3.1

HbA1c (%) 7.94 ± 0.96

FPG (mg/dL) 172.7 ± 60.7

Total cholesterol (mg/dL) 169.8 ± 38.2

LDL-C (mg/dL) 91.0 ± 31.9

HDL-C (mg/dL) 46.7 ± 11.7

Triglyceride (mg/dL) 172.6 ± 102.7

SBP (mmHg) 128.4 ± 12.6

DBP (mmHg) 77.2 ± 9.0

Concomitant antidiabetic agents,

n (%)

2501 (100)

None 380 (15.2)

Metformin monotherapy 1128 (45.1)

Sulfonylurea monotherapy 67 (2.7)

Metformin ? sulfonylurea 588 (23.5)

Insulin 138 (5.5)

Others 200 (8.0)

Prior DPP-4 inhibitors, n (%) 2501 (100)

Linagliptin 860 (34.4)

Sitagliptin 641 (25.6)

Gemigliptin 332 (13.3)

Vildagliptin 328 (13.1)

Saxagliptin 214 (8.6)

Table 1 continued

Baseline characteristics Efficacy set
(n = 2501)

Algogliptin 126 (5.0)

Values are presented as the mean ± standard deviation
(SD) and as the number of patients with the percentage in
parentheses
BMI Body mass index, DBP diastolic blood pressure, DPP-
4 dipeptidyl peptidase-4, FPG fasting plasma glucose,
HbA1c glycosylated hemoglobin, HDL-C high-density
lipoprotein-cholesterol, LDL-C low-density lipoprotein-c-
holesterol, SBP systolic blood pressure
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Table 2 Summary of changes in efficacy outcomes from baseline to week 52

Efficacy outcomes Baseline (n = 2501) Week 12 (n = 1895) Week 24 (n = 1683) Week 52 (n = 1503)

HbA1c (%)

Mean ± SD 7.94 ± 0.96 7.53 ± 1.08 7.45 ± 1.10 7.42 ± 1.11

D Mean - 0.39 ± 0.89 - 0.44 ± 1.00 - 0.52 ± 1.08

p valuea \ 0.0001* \ 0.0001* \ 0.0001*

FPG (mg/dL)

Mean ± SD 172.70 ± 60.7 163.3 ± 60.1 157.1 ± 52.4 154.2 ± 51.4

D Mean - 11.1 ± 66.1 - 19.4 ± 66.4 - 24.1 ± 66.8

p valuea \ 0.0001* \ 0.0001* \ 0.0001*

Total cholesterol (mg/dL)

Mean ± SD 169.8 ± 38.2 162.7 ± 33.8 160.8 ± 34.0 154.0 ± 31.9

D Mean - 5.97 ± 29.89 - 7.65 ± 32.71 - 13.75 ± 38.89

p valuea \ 0.0001* \ 0.0001* \ 0.0001*

LDL-C (mg/dL)

Mean ± SD 91.0 ± 31.9 85.4 ± 27.4 83.9 ± 27.8 81.3 ± 27.7

D Mean - 3.54 ± 25.43 - 4.06 ± 27.41 - 7.35 ± 29.61

p valuea 0.0010* 0.0006* \ 0.0001*

HDL-C (mg/dL)

Mean ± SD 46.7 ± 11.7 47.7 ± 11.9 47.1 ± 11.5 48.0 ± 12.7

D Mean 0.05 ± 8.15 - 0.14 ± 9.35 0.77 ± 11.02

p valuea 0.8963 0.7349 0.1297

Triglyceride (mg/dL)

Mean ± SD 172.6 ± 102.7 158.1 ± 96.0 155.3 ± 92.4 150.7 ± 92.9

D Mean - 5.7 ± 90.7 - 14.8 ± 95.3 - 21.0 ± 103.3

p valuea 0.1610 0.0007* \ 0.0001*

Weight (kg)

Mean ± SD 66.6 ± 11.2 66.5 ± 11.0 66.4 ± 11.1 66.0 ± 11.6

D Mean - 0.30 ± 2.15 - 0.23 ± 2.17 0.04 ± 2.63

p valuea \ 0.0001* 0.0046* 0.6992

Values are presented as the mean ± SD
*Statistically significant
a Paired t test
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HbA1c (- 0.37, - 0.43, and - 0.37%, respec-
tively; p\0.0001 (Fig. 3c). Patients with base-
line HbA1c values of both C 8% and\ 8%
showed significant improvement (p\ 0.0001;
Fig. 3d); however, the reduction was greater in
patients with baseline HbA1c C 8%.

Results for other secondary outcomes are
also presented in Table 2. Significant decreases
from baseline in FPG levels were observed at 12,
24, and 52 weeks, with mean differences of
- 11.1, - 19.4, and - 24.1 mg/dL, respectively
(p\ 0.0001). Teneligliptin significantly
decreased the lipid parameters at weeks 12, 24,
and 52, including total cholesterol (- 5.97,

- 7.65, and - 13.75 mg/dL, respectively;
p\0.0001) and LDL-C (- 3.54, - 4.06, and
- 7.35 mg/dL, respectively; p\ 0.001). Triglyc-
eride levels were significantly decreased at
weeks 24 and 52, with mean differences of
- 14.8 and - 21.0 mg/dL, respectively
(p = 0.0007 and p\0.0001), whereas there were
no significant changes in HDL-C throughout
the study. There were significant differences in
weight at weeks 12 and 24 (p\ 0.0001 and
p = 0.0046); however, the final values at week
52 showed no changes compared to baseline
(p = 0.6992).

Fig. 2 HbA1c levels after 52 weeks of treatment with
teneligliptin. a Changes in HbA1c levels at weeks 12, 24,
and 52. Values are presented as the mean ± standard error
(SE). Asterisk indicates statistically significant difference

according to the paired t test vs. the baseline HbA1c
values. b Percentage of patients with a decrease in HbA1c
of C 0.3 and C 0.5%. c Percentage of patients achieving
HbA1c\ 7.0 and\ 6.5%, respectively
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Safety

From the 2923 patients in the safety set, a total
of 332 AEs were reported in 218 patients (inci-
dence rate 7.46%) and 30 adverse drug reactions
were reported in 26 patients (incidence rate
0.89%) during the 52-week study period
(Table 3).

The most frequent AE reported was hypo-
glycemia (0.51% of patients), with dizziness,
dyspepsia, and headache reported as secondary
AEs at an incidence rate of 0.41%. Of the 15
patients who reported hypoglycemia, three
reported severe hypoglycemia (0.10%); of these
three patients, one patient taking SU, another
was on SU and insulin combination therapy,
and the third patient was taking metformin. All
three patients recovered.

The overall incidence rate of serious AEs was
1.78%; these included hyperglycemia (0.21%),

pneumonia (0.14%), cardiac failure (0.10%),
and others. Causal relationships with tene-
ligliptin were considered to be unlikely.

DISCUSSION

The results of this study show that switching
from other DPP-4 inhibitors to teneligliptin was
well tolerated by the patients with T2DM in this
study and effected a significant decrease in
HbA1c level. These results are generally consis-
tent with those of the interim analysis at
12 weeks showing improvement in glycemic
control, with improvement maintained for up
to 52 weeks of teneligliptin treatment without
safety concerns [15].

In the pathogenesis of T2DM, insulin resis-
tance leads to the acceleration of insulin secre-
tion that eventually results in subsequent
deterioration of b-cell function. DPP-4

Fig. 3 Change in HbA1c values according to baseline
characteristics. Changes in HbA1c values according to age
(a), duration of T2DM (b), BMI (c), and baseline HbA1c

value (d). Values are presented as the mean ± SE. Asterisk
indicates statistically significant difference according to the
paired t test vs. the baseline HbA1c values
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inhibitors have been shown to have good
glycemic durability that allows them to alleviate
b-cell apoptosis and protect b-cell mass and
function [17]. Our results showing sustained
improvement in HbA1c levels for 52 weeks after
switching from other DPP-4 inhibitors corre-
spond with those from previous studies that
reported the long-term durability of tene-
ligliptin [18, 19]. A meta-analysis of DPP-4
inhibitors reported that they significantly
decreased HbA1c for 2 years [20], while another
study with teneligliptin reported sustained effi-
cacy over 3 years [18].

While present guidelines suggest adding dif-
ferent classes of hypoglycemic agents to the
therapeutic regimen of patients who do not

Table 3 Summary of overall safety for 52 weeks

Overall safety No. of
patients
(%)

No. of
events

Adverse events 218 (7.46) 332

Adverse events reported

in[ 0.1% of patients

Gastrointestinal disorders 52 (1.78) 58

Dyspepsia 12 (0.41) 12

Constipation 9 (0.31) 9

Nausea 4 (0.14) 4

Nervous system disorders 35 (1.20) 37

Dizziness 12 (0.41) 12

Headache 12 (0.41) 12

Paraesthesia 4 (0.14) 4

Metabolism and nutrition

disorders

31 (1.06) 34

Hypoglycemia 15 (0.51) 18

Hyperglycemia 9 (0.31) 9

Infections and infestations 30 (1.03) 38

Pneumonia 5 (0.17) 6

Nasopharyngitis 5 (0.17) 5

Influenza 4 (0.14) 4

Investigations 5 (0.17) 5

Liver function test abnormal 5 (0.17) 5

General disorders and

administration site conditions

13 (0.44) 13

Edema 4 (0.14) 4

Skin and subcutaneous tissue

disorders

8 (0.27) 8

Pruitus 4 (0.14) 4

Serious adverse events 52 (1.78) 73

Serious adverse events reported

in C 2 cases of patients

Infections and infestations 9 (0.31) 14

Pneumonia 4 (0.14) 5

Table 3 continued

Overall safety No. of
patients
(%)

No. of
events

Pyelonephritis acute 2 (0.07) 2

Cardiac disorders 7 (0.24) 8

Cardiac failure 3 (0.1) 4

Acute myocardial infarction 2 (0.07) 2

Metabolism and nutrition

disorders

7 (0.24) 7

Hyperglycemia 6 (0.21) 6

Musculoskeletal and

connective tissue disorders

6 (0.21) 6

Spinal compression fracture 2 (0.07) 2

Nervous system disorders 6 (0.21) 6

Cerebral infarction 2 (0.07) 2

Respiratory, thoracic and

mediastinal disorders

5 (0.17) 7

Dyspnoea 2 (0.07) 4

Adverse drug reaction 26 (0.89) 30

Permanent discontinuation of the

study drug

34 (1.16) 37

Values are presented as the number of patients/events with
the percentage in parentheses
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achieve adequate glycemic control, this strategy
may increase the pill and economic burdens. A
previous study of switching from sitagliptin to
vildagliptin also reported a significant glucose-
lowering effect [21]. Similarly, another study of
switching from linagliptin to teneligliptin also
reported significant amelioration in glycemic
parameters, such as HbA1c (7.9 ± 1.3% to
7.5 ± 1.2%; p\0.001), fasting blood glucose
(148.1 ± 47.1 to 139.6 ± 43.4 mg/dL; p = 0.041),
and postprandial blood glucose (224.8 ± 77.4 to
205.8 ± 70.8 mg/dL; p = 0.002) [22]. Switching
oral antidiabetic drugs within the same class
could effectively lower blood glucose without the
addition of another drug, and switching to tene-
ligliptin from other DPP-4 inhibitors could be an
alternative option.

In addition, FPG levels also decreased during
the observation period after switching to tene-
ligliptin. A number of studies have reported that
teneligliptin therapy decreased not only HbA1c
but also FPG, 2-h postprandial glucose, or 24-h
blood glucose levels [4, 10, 23, 24]. These results
support the facilitating effect of teneligliptin in
glycemic control. The glucose-lowering effect of
teneligliptin observed in the present study may
be partially mediated by its unique structure
and properties that differentiate it from other
DPP-4 inhibitors. Teneligliptin consists of a
considerably rigid ‘‘J-shaped’’ anchor lock
structure formed by five rings, four of which
directly bind to DPP-4, providing stronger
binding than other DPP-4 inhibitors [23]. It has
also been suggested that the binding interac-
tions with the hydrogen bond in the S2 subsite
and hydrophobic interaction in the extensive S2
subsite may contribute the stronger binding
affinity of teneligliptin [23]. The unique struc-
ture of teneligliptin also contributes to a
delayed dissociation rate and half maximal
inhibitory concentration (IC50), thus indicating
teneligliptin as a more potent inhibitor than
other DPP-4 inhibitors [25, 26].

In this study, total cholesterol, LDL-C, and
triglyceride values initially decreased and these
decreases were maintained during the study
period. The decreases in lipid profiles were
consistent those reported from other studies in
which incretin therapies, including DPP-4
inhibitors, were found to improve lipid profiles

through effects on insulin secretion and inhi-
bition of postprandial lipoprotein secretion
[27, 28]. Similarly, teneligliptin has been
reported to significantly reduce total choles-
terol, LDL-C, and triglyceride in previous stud-
ies [29–31]. Overall, our results indicate that
clinically relevant changes in glycemic control
and improved lipid profiles can be achieved
with teneligliptin, even after switching from
other DPP-4 inhibitors.

With regard to safety, teneligliptin was well
tolerated for 52 weeks. The AE profile was sim-
ilar to that described elsewhere [19, 32], and
only 0.51% of patients reported hypoglycemic
events during the study period. All patients who
reported hypoglycemic events were also taking
other glucose-lowering agents, such as SU and
insulin, which are known to be high-risk drugs
for hypoglycemia.

This study has several limitations, one of
which is its non-comparative, single-arm
design. Since this study did not have a control
group, there could be several confounding fac-
tors, such as heterogeneities in concomitant
disease or other concomitant medication. Fur-
thermore, information on changes in lipid-
modifying drug or diet was not fully collected or
analyzed. Lifestyle changes during the observa-
tion period may have affected the study results.
An additional limitation of our study includes a
low follow-up rate after 52 weeks of the study
period. However, despite these limitations, this
study is significant in that it reports large-scale,
real-world data. Moreover, the study showed
that teneligliptin effectively improved and
maintained glycemic control for 52 weeks
without safety concerns in patients with T2DM.

CONCLUSION

This study showed the efficacy and safety of
teneligliptin after switching from other DPP-4
inhibitors in patients with inadequately con-
trolled T2DM despite treatment. A significant
glucose-lowering effect was observed and
maintained for 52 weeks. With regard to safety,
there were no significant safety concerns, which
is similar to known profiles.
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