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Introduction: The main aim in the management of diabetes mellitus is to
prevent the development of its complications. Large fluctuations in glucose
levels may increase the risk of complications, so improved control of glucose
fluctuations, in addition to management of chronic hyperglycemia, could
represent an important goal in diabetes pharmacotherapy.

Areas covered: Pre-clinical and clinical studies suggest that poor control of
blood glucose fluctuations contributes to progression of diabetic vascular
complications. Dipeptidyl peptidase (DPP)-4 inhibitors are one of several
drug classes used to manage diabetes, and the potential vasoprotective
effects of DPP-4 inhibition have attracted attention in recent years. The
DPP-4 inhibitor teneligliptin was approved in Japan in 2012 and in Korea in
2014. Teneligliptin differs in its structural and pharmacokinetic characteristics
compared with other drugs in the same class. It appears to have potent, sus-
tained effects on glycemic control, thereby reducing the complications of
hypoglycemia and postprandial hyperglycemia. Because of its effects on vas-
cular function, teneligliptin may be beneficial in patients at high risk of car-
diovascular disease.

Expert opinion: The possible pleiotropic effects of teneligliptin, such as those
on endothelial function and metabolic syndrome, are of great interest. This
review examines these effects and their potential clinical relevance.

Keywords: diabetes mellitus, dipeptidyl peptidase-4 inhibitors, glucose fluctuations, glycemic

control, teneligliptin, vascular function
Expert Opin. Pharmacother. (2015) 16(3):417-426

1. Introduction

1.1 Diabetes mellitus and circulatory diseases

The overall goal in the management of diabetes mellitus is the prevention of com-
plications and improvement in the individual’s quality of life. Diabetes greatly
increases the risk of cardiovascular disease and mortality, and microvascular compli-
cations such as retinopathy, nephropathy, and neuropathy strongly affect the quality
of life of affected patients. The glycosylated hemoglobin (HbA, ) level, which pro-
vides an indication of the average glucose level over a long period of time, is an
established treatment target in diabetes. Glucose levels throughout the day, includ-
ing those during fasting and between and after meals, contribute to HbA ., which is
a quantitative marker for overall glycemic control. Management of chronic hyper-
glycemia is important for preventing complications. However, it is vital to also con-
sider fluctuations in glucose levels, so an assessment of glycemic variability should
also be taken into account in strategies designed to reduce the complications associ-
ated with diabetes [1]. Hyperglycemia increases the risk of developing complications
associated with diabetes, with acute glucose fluctuations affecting endothelial func-
tion and triggering oxidative stress [2]. Therefore, improvement in the control of
postprandial glucose levels while avoiding inducing hypoglycemia-in other words,
the control of fluctuations in blood glucose levels—has become increasingly impor-
tant in the prevention of complications [1-3).
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Box 1. Drug summary.

Drug name (generic)
Phase (for indication under discussion)

Indication (specific to discussion)
Pharmacology description/mechanism of action
Route of administration

Chemical structure

Pivotal trial(s)

Teneligliptin

Approved in Japan and Korea; currently undergoing Phase | trials in
the USA and Phase |l trials in Europe

Type 2 diabetes mellitus (T2DM)

Prolylthiazolidine-based dipeptidyl peptidase (DPP)-4 inhibitor

Oral

(3-[(25,45)- 4-[4-(3-methyl-1-phenyl-1H-pyrazol-5-yl)piperazin-1-yl]
pyrrolidin-2-ylcarbonyl]thiazolidine)

[27-30]

Pharmaprojects - copyright to Citeline Drug Intelligence (an Informa business). Readers are referred to Pipeline (http://informa-pipeline.citeline.com) and

Citeline (http://informa.citeline.com).

An in vitro study by Risso and colleagues, which examined
the effect of fluctuating glucose levels using human umbili-
cal vein endothelial cells (HUVECs:), reported enhanced
apoptosis in endothelial cells exposed to intermittent high
glucose levels. The cells also showed reduced expression
of Bcl-2, a protein involved in regulating apoptosis, sug-
gesting a role for acute increases in glucose levels in endo-
thelial cells in the pathogenesis of diabetic vascular
complications [4].

Fluctuations in blood glucose levels have also been shown
to induce inflammatory cytokines, oxidative stress, and the
up-regulation of adhesion molecules. Another study using
HUVEC lines found that fluctuating glucose levels had a
greater effect on triggering nitrotyrosine (a marker of oxida-
tive stress), adhesion molecules, and interleukin-6 than con-
stantly high glucose levels, further supporting the deleterious
role of glucose level fluctuations [5].

The number of adherent macrophages was increased after
1 week of repetitive postprandial glucose spikes in apolipo-
protein E-deficient mice, a model mimicking human athero-
sclerosis, and the size of atherosclerotic lesions was increased
after 5 weeks, independent of serum cholesterol levels. These
changes were not present in mice administered the
o-glucosidase inhibitor miglitol, suggesting the importance
of controlling postprandial glucose [6]. These pre-clinical stud-
ies highlight the role of spikes in blood glucose in endothelial
cell dysfunction, including apoptosis, inflammation, and ath-
erosclerosis. Clinical studies have also suggested a role for
fluctuating blood glucose levels in the development of compli-
cations. For example, glucose administered at oscillating
levels during a 24-h period resulted in more deleterious effects
on endothelial function and oxidative stress than consistently
high glucose in both patients with (n = 27) and without
(n = 22) type 2 diabetes mellitus (T2DM) (7).

Postprandial glucose fluctuations and glucose swings gener-
ally resulted in a more specific triggering effect on oxidative
stress (as measured using urine 8-iso prostaglandin F,) com-
pared with sustained chronic hyperglycemia in a case-control
study of 21 patients with T2DM and 21 age- and sex-
matched controls (8]. These authors showed significant linear
correlations between 8-iso prostaglandin F,, levels and both

the mean postprandial incremental area under the curve for
glucose concentration and the mean amplitude of glycemic
excursions (MAGE).

Blood glucose levels, HbA,, and glycemic variability were
measured in 222 consecutive acute myocardial infarction
patients admitted to a Chinese hospital. Glycemic variability
was estimated using the MAGE, as determined using contin-
uous glucose monitoring, and the relationship between major
adverse cardiac events and glycemic variation, glucose, and
HbA |, levels was also investigated. Glycemic variability, but
not HbA, levels on admission, was shown to be a strong pre-
dictor for adverse cardiac outcomes during a 12-month
follow-up [91.

Taken together, these pre-clinical and clinical studies imply
a role for poor control of fluctuations in blood glucose levels
in the progression of vascular complications in patients with
diabetes [4-9].

1.2 Dipeptidyl peptidase-4 inhibitors and

circulatory diseases

Dipeptidyl peptidase (DPP)-4 inhibitors are one of several
classes of oral anti-hyperglycemic drugs used in the manage-
ment of T2DM. Their mechanism of action is to increase lev-
els of the active forms of the incretins glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic polypeptide in
response to meal intake, which in turn results in insulin secre-
tion and reduces glucagon secretion. DPP-4 inhibitors are not
associated with hypoglycemia or weight gain. These advan-
tages mean that they have the potential to prevent complica-
tions associated with T2DM.

The potential vasoprotective effects of DPP-4 inhibition
have attracted attention, and beneficial cardiovascular effects
of GLP-1 and other DPP-4 substrates such as stromal cell-
derived factor-10, a chemokine that promotes homing of
endothelial progenitor cells to areas of cellular injury, have
been reported [10,11].

Furthermore, pleiotropic actions of DPP-4 inhibitors not
mediated by incretin have also been documented, including
effects on lipid profile and blood pressure, as well as anti-
inflammation/anti-oxidant effects, attracting attention from
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circulatory specialists regarding the effects of these agents on
the overall cardiovascular risk profile [12,13].

Evaluating the cardiovascular safety of anti-hyperglycemic
drugs is important, particularly in patients who might be at
increased risk of cardiovascular events. In the EXAMINE
(Examination of Cardiovascular Outcomes with Alogliptin
versus Standard of Care) study of 5380 T2DM patients who
had experienced a recent acute coronary syndrome, alogliptin
significantly reduced HbA;. (14). Importantly, the investiga-
tors observed no increase in the rates of major cardiovascular
events in patients administered alogliptin compared with
those administered placebo. The large-scale SAVOR-TIMI
53 (Saxagliptin Assessment of Vascular Outcomes Recorded
in Patients with Diabetes Mellitus-Thrombolysis in Myocar-
dial Infarction) trial included 16,492 T2DM patients who
had a history of or were at risk for cardiovascular events [15].
Patients received saxagliptin or placebo and were followed
for a median of 2.1 years. Saxagliptin improved glycemic con-
trol, but whereas the rate of ischemic events was not changed
with saxagliptin treatment, the rate of hospitalization for heart
failure was increased. The study investigators concluded that
other approaches to decrease cardiovascular risk in T2DM
patients are needed, and the study highlights that ongoing
monitoring of the cardiovascular safety of DPP-4 inhibitors
is prudent, particularly in those patients at increased cardio-
vascular risk.

The DPP-4 inhibitor teneligliptin was approved in 2012 in
Japan [16] and in 2014 in Korea for the treatment of T2DM.
The following sections provide an overview of the available
data and characteristics of teneligliptin, which has a different
structure and pharmacokinetic characteristics to other drugs
in the same class. The possible role these differences have
in the potential pleiotropic effects of teneligliptin is also
discussed.

2. Pharmacological profile of teneligliptin

The pharmacological profile of teneligliptin has been exam-
ined both in vitro and in vivo (17). In vitro, teneligliptin inhib-
ited recombinant human DPP-4, DPP-4 from human
plasma, and DPP-4 from rat plasma with ICsy (nmol/L) val-
ues of 1.01, 1.45, and 1.14, respectively. Comparative inhibi-
tion studies showed that teneligliptin exhibited more potent
inhibition of the DPP-4 enzyme than sitagliptin, vildagliptin,
and alogliptin, perhaps because of the unique structure of ten-
eligliptin, namely, its J-shaped structure and anchor lock
domain [18]. /7 vive, plasma DPP-4 inhibition was sustained
at 24 h after oral administration of teneligliptin in Wistarrats.
However, DPP-4 inhibition was no longer observed at 24 h
with the administration of sitagliptin or vildagliptin in this
model. A single dose of teneligliptin after fat loading in
Zucker fatty rats, an obesity model characterized by insulin
resistance and dyslipidemia, resulted in reduced postprandial
triglyceride and free fatty acid levels, in addition to increased
GLP-1 and insulin levels [17]. Taken together with the effects

Teneligliptin

on body weight and triglyceride levels observed in obese mice
models [19], these findings point to potentially beneficial
effects on metabolic syndrome beyond those of improving
glycemic control and warrant further investigation.
DPP-4 has been shown to exist in tissues, especially in the kid-
neys (20], where it is suggested to be related to pathologies [21].
Because teneligliptin has hydrophobic properties and is dis-
tributed in tissues [22], it may demonstrate a tissue-protective
effect. Further research is needed to explore these issues.

3. Structural and pharmacokinetic
characteristics of teneligliptin

DPP-4 inhibitors are structurally diverse and can be classified
into three classes based on their interaction with DPP-4 bind-
ing subsites [18]. Teneligliptin is grouped into class 3, owing to
its interaction with S1, S2, and S2 extensive subsites [18]. It is a
potent, selective, and long-lasting inhibitor of DPP-4 and
exhibits strong binding via its J-shaped structure and ‘anchor
lock domain’ (Figure 1) [18,23].

Teneligliptin is administered once daily at a dose of 20 mg,
which can be increased to 40 mg if the response is insuffi-
cient. It’s elimination half-life in plasma is 24.2 and 20.8 h
in 20 and 40 mg doses, respectively, with resulting
DPP-4 inhibition through the day [16).

Teneligliptin is eliminated via both the liver and kidney,
meaning its use can be considered in patients with hepatic
or renal impairment. A Phase I mass balance study using a sin-
gle oral 20 mg dose of [14C]—teneligliptin showed that, in con-
trast to other DPP-4 inhibitors, 20 — 34% of the absorbed
teneligliptin was excreted via the kidneys and 66 - 80% was
eliminated via multiple drug metabolic enzymes [16,24].

In a study of patients with mild, moderate, severe, and end-
stage renal impairment, a single 20 mg dose of teneligliptin
had no effect on maximum plasma concentration (C,,,,) in
those with mild, moderate, and severe renal impairment.
The area under the concentration-time curve to infinite
time (AUC,_jng) was increased in all groups compared with
healthy controls, but the degree of increase was no larger
than twofold. Overall, the results suggested that teneligliptin
was well tolerated in patients with renal impairment, includ-
ing those with end-stage renal disease [25].

In patients with hepatic impairment, C,,,, and AUC,_inr
were increased in patients with mild and moderate hepatic
impairment, but were below FDA-recommended thresholds
for dose adjustment. Teneligliptin was generally well tolerated
in these patients, but caution in its use is needed, particularly
in patients with severe hepatic impairment [26].

4. Effect of teneligliptin on blood
glucose levels

Teneligliptin has been shown to produce clinically significant
improvements in HbA,, fasting plasma glucose (FPG), and
postprandial glucose levels in patients with T2DM, both

Expert Opin. Pharmacother. (2015) 16(3) 419
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Figure 1. Structure and classification of the DPP-4 inhibitors, showing the J-shaped structure and anchor-lock domain

of teneligliptin.
Reproduced from [18].

alone and in combination with other oral anti-hyperglycemic
drugs [27-29].

The effect of teneligliptin monotherapy was assessed in a
double-blind, randomized, placebo-controlled trial of 324 Jap-
anese patients with T2DM that was inadequately controlled
with lifestyle changes [27]. Participants were randomized to
receive placebo or 10, 20, or 40 mg doses of teneligliptin
once daily for 12 weeks. The primary endpoint was change
in HbA,, from baseline over the study period, and secondary
endpoints included FPG and 2-h postprandial glucose. Signif-
icant improvements in HbA; . were observed over the 12-week
study period. The differences between the teneligliptin and
the placebo group for the change in HbA | were (least squares
[LS] mean, 95% CI) -0.9 (-1.0, -0.7), -0.9 (-1.1, -0.7), and
-1.0 (-1.2, -0.9) % for the 10, 20, and 40 mg dosage groups,
respectively (all p < 0.001). (Figure 2). Although the authors

pointed out the need for studies of longer duration, it is note-
worthy that significant and clinically relevant reductions in
FPG and 2-h postprandial glucose levels were also observed
in each of the dosage groups. Differences between the teneli-
gliptin and placebo groups for the 10, 20, and 40 mg dosage
groups were -17.8 (-23.4, -12.1), -16.9 (-22.6, -11.2), and
-20.0 (-25.7, -14.3) mg/dl, respectively, for the change in
FPG, and -50.6 (-62.8, -38.4), -56.8 (-69.2, -44.3), and
-58.6 (-71.1, -46.1) mg/dl, respectively, for the change in
2-h postprandial glucose (all p < 0.001). The incidences of
adverse events (AEs) and adverse drug reactions (ADRs)
were similar between the four groups, including the rate of
hypoglycemia [27].

In a placebo-controlled trial of teneligliptin in Japanese
patients with inadequate glycemic control on glimepiride
monotherapy, 194 patients on stable glimepiride therapy
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Figure 2. Effect of teneligliptin on glycosylated hemoglobin
(HbA;/) levels in type 2 diabetic patients (n = 324) in Japan
in a double-blind placebo-controlled trial. Values are least
square means + standard error.

*p < 0.001 versus placebo (analysis of variance).

Reproduced with permission from [27].

were randomized to receive 20 mg teneligliptin or placebo for
12 weeks. The primary endpoint was change in HbA,,, and
FPG and 2-h postprandial glucose were among the secondary
endpoints. The 12-week double-blind period was followed by
a 40-week open-label phase in which all subjects received ten-
eligliptin once daily. Teneligliptin significantly (p < 0.001)
reduced HbA,. (placebo-subtracted change in HbA;. [LS
mean + standard error] -1.0 = 0.1%), FPG (-27.1 + 3.2 mg/
dl), and 2-h postprandial glucose (-49.1 + 6.2 mg/dl), and
the glucose-lowering effects were maintained throughout the
open-label phase of the study. Rates of AEs and ADRs includ-
ing episodes of hypoglycemia were similar between the
groups [28].

Similar results were obtained when teneligliptin was as-
sessed in patients inadequately controlled on pioglitazone
alone. In this study, 204 patients on stable pioglitazone ther-
apy received 20 mg teneligliptin or placebo in a 12-week
double-blind phase, followed by a 40-week open-label phase
in which all subjects received teneligliptin. Again, significant
improvements in HbA,, FPG, and 2-h postprandial glucose
were observed with teneligliptin, an effect maintained in the
40-week extension phase. AEs and ADRs occurred slightly
more frequently in the teneligliptin group than in the placebo
group, although the incidence of hypoglycemia remained
low [29].

Teneligliptin has been shown to stabilize blood glucose lev-
els throughout the day. In a 4-week placebo-controlled trial of
99 Japanese T2DM patients inadequately controlled with diet
and exercise, both 10 and 20 mg doses of teneligliptin resulted
in significantly lower postprandial glucose, 24-h mean glu-
cose, and FPG levels than those achieved with placebo, and
no patients in any of the groups experienced hypoglycemia.
The postprandial glucose-lowering effects of teneligliptin
administered before breakfast were sustained throughout the

Teneligliptin

day, with the effects observed after dinner being similar to
those observed after breakfast (Figure 3) [16,30].

In a study of the effects of teneligliptin on glucose fluctu-
ations in 26 Japanese T2DM patients receiving insulin ther-
apy, with or without other anti-diabetes drugs, and using
continuous glucose monitoring, the standard deviation
(SD) of 24-h glucose levels and MAGE both improved fol-
lowing administration of teneligliptin (31]. Postprandial glu-
cose levels after breakfast, lunch, and dinner also improved
in these patients. There were no significant differences in
the proportion of time spent in hypoglycemia. In another
report [32], 10 Japanese T2DM patients treated for 3 days
with teneligliptin also showed improved 24-h glucose levels,
SD of 24-h glucose levels, and MAGE (Table 1). These
results suggest that teneligliptin improves 24-h glucose
fluctuations.

4.1 Efficacy in special patient groups

The pharmacokinetic properties of teneligliptin have been
studied in patients with renal and hepatic impairment [25,26].
Given that nephropathy is a common complication in
patients with diabetes, elucidating its utility in hemodialysis
patients is important. A prospective study in hemodialysis
patients with poor glycemic control was carried out in two
centers in Japan. Fourteen patients received teneligliptin
(seven newly started; seven switching from other medications),
and 29 patients continued with their existing medication (the
control group). Blood glucose levels were significantly
decreased from week 4 in the teneligliptin group. The differen-
ces in glycated albumin (at week 28) and HbA, . (at week 24)
between the teneligliptin group and the control group were
-3.1% (p < 0.05) and -0.57% (p = 0.057), respectively. One
patient experienced constipation, but there were no discontinu-
ations as a result of adverse effects, indicating that teneligliptin
was well tolerated and effective in diabetic patients undergoing
dialysis [33].

5. Potential pleiotropic effects of teneligliptin

5.1 Effectiveness in obesity and metabolic syndrome
Obesity is one of the most important risk factors for T2DM.
Fukuda-Tsuru ez a/. (19] recently examined the effect of teneli-
gliptin on obesity-related factors in an obese mouse model.
Ten mice were fed a normal diet, and thirty were fed a
high-fat diet for 10 weeks. Five days after the initiation of
high-fat feeding, the mice were randomized to receive teneli-
gliptin 30, 60 mg/kg, or vehicle alone. Mice fed a high-fat
diet showed accelerated body weight increases, but this was
attenuated in the 30 and 60 mg/kg teneligliptin groups to
88 and 71%, respectively, compared with the vehicle group.
Calorimetry studies showed that 60 mg/kg teneligliptin in-
creased oxygen consumption, and mean adipocyte size and
hepatic triglyceride levels were 44 and 34%, respectively, of
those in the vehicle group.

Expert Opin. Pharmacother. (2015) 16(3) 421
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Figure 3. Effect of teneligliptin on 1- or 2-h postprandial glucose levels and fasting plasma glucose at week 4 in
type 2 diabetic patients in Japan in a placebo-controlled trial. Values are least square means + standard error. Teneligliptin

20 mg group: n = 33; placebo group: n = 32.
*p < 0.01

ip < 0.001 versus placebo (analysis of variance).
Reproduced with permission from [16].

Table 1. Indices of daily blood glucose fluctuations measured by continuous glucose monitoring in patients before

or 1 - 3 days after the start of teneligliptin treatment.

Before 1 - 3 days after p value
24-h mean glucose level (mg/dl) 162.6 + 16.7 144.7 + 13.9 0.014
Day time (06:00 - 21:00) mean glucose level (mg/dl) 1773 £ 14.4 154.8 £ 18.0 0.016
Night time (21:00 - 06:00) mean glucose level (mg/dl) 136.8 + 25.2 1276 + 14.3 0.20
Standard deviation of 24-h glucose levels (mg/dl) 389+ 12.1 276 +12.8 0.0078
Mean amplitude of glycemic excursions (mg/dl) 83.1+31.5 64.5 + 29.1 0.047
Proportion (%) of time of
Hyperglycemia (> 180 mg/dl) 335+ 11.1 13.4 £ 143 0.0078
Hypoglycemia (< 70 mg/dl) 0 0

Table reproduced from [32] with permission from the Japan Endocrine Society © 2014.

T2DM, hypertension, and metabolic syndrome are all
major risk factors for cardiovascular events. Spontaneous
hypertensive rats with severe obesity, hypertension, and
endothelial dysfunction (SHR/NDmcr-cp) were used as a
model for the metabolic syndrome. Teneligliptin treatment
resulted in significant improvements in hyperglycemia
assessed by the oral glucose tolerance test (Figure 4A), and
insulin resistance assessed by the homeostasis model assess-
ment for insulin resistance. The vasodilatory response of the
aorta to acetylcholine was also improved, as reflected by
increased endothelium-derived nitric oxide synthase mRNA

expression. Teneligliptin-treated rats showed significantly
decreased tumor necrosis factor-ot expression compared with
untreated rats (Figure 4B) [34].

5.2 Improvement in vascular endothelial function in
T2DM patients

The effects of teneligliptin on vascular endothelial function
were examined in an uncontrolled study of 11 patients with
T2DM [35]. Two methods of determination were used: the
Endo-PAT 2000 method measuring arterial pulse waves at a
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Figure 4. A. Action of teneligliptin in a metabolic syndrome rat model. B. Vasoprotective effects of teneligliptin in a metabolic
syndrome rat model.

*P<0.05 vs WKY rats.

¥P<0.05 vs SHRcp rats.

Reprinted with permission from [34].

eNOS: Endothelium-derived nitric oxide synthase; OGTT: Oral glucose tolerance test; TNF: Tumor necrosis factor; SHRcp: Spontaneous hypertensive rats; WKY: Wistar
Kyoto rats.
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finger artery, and the flow-mediated vasodilatation (FMD)
method measuring the flow-dependent vasodilation reaction
of the brachial artery after occlusion of blood flow. Patients
were aged 73 £ 11 years and included those with ischemic
heart disease. The change in vascular endothelial function
was assessed using both techniques before and after a 2-week
administration of teneligliptin at 20 mg/day. In addition,
both the reactive hyperemia index (the index of measurement
for the Endo-PAT 2000) and FMD were significantly
improved (p < 0.05 and p < 0.01, respectively). The results
suggested that in this group of elderly patients with T2DM,
including those with cardiac complications, teneligliptin
may show benefit in improving vascular endothelial function
within 2 weeks of administration [35].

6. Conclusions

Fluctuations in blood glucose levels have been shown to cause
oxidative stress and induce inflammatory markers leading
to endothelial dysfunction and arteriosclerosis. There is also
evidence that the postprandial glycemic state contributes to
atherosclerotic risk (36). The DPP-4 inhibitor teneligliptin
appears to have potent, sustained effects on glycemic control,
which are beneficial in ameliorating the effects of hypoglyce-
mia and postprandial hyperglycemia on the development of
diabetes complications. Owing to its effects on vascular func-
tion, teneligliptin may show benefits in obese patients and
others at high risk of cardiovascular disease, and animal mod-
els have shown effects on body weight and lipid lev-
els [17,19,34,35]. Teneligliptin was recently approved in Japan
and Korea for the management of T2DM, and further studies
in higher-risk groups of patients, in particular head-to-head
studies of the effects of different DPP-4 inhibitors on cardio-
vascular outcomes, are needed (57.38]. These studies, com-
bined with the evidence emerging from the real-life use of
this drug, will be useful in shedding further light on the
potential benefits of teneligliptin beyond those based on
glycemic control.

7. Expert opinion

Glucose fluctuations can cause endothelial dysfunction and
may contribute to complications in diabetic patients. DPP-4

inhibitors are expected to help prevent these complications
because of their effect on postprandial glucose levels and lower
likelihood of inducing hypoglycemia. The DPP-4 inhibitor
teneligliptin is relatively new to the market and evidence for
its long-term efficacy and usability will be beneficial. The
main goal in this field is improved quality of life for diabetic
patients. To achieve this, in relation to teneligliptin, studies
of longer duration designed to measure parameters other
than glycemic control are needed. Over the coming years,
rates of obesity and associated T2DM will increase globally,
with subsequent lowering of quality of life and increased com-
plications and costs to healthcare systems. Therefore, there is a
pressing need for treatments that are effective and well toler-
ated with long-term use. Pleiotropic effects of teneligliptin
such as those on endothelial function and metabolic syn-
drome are currently of particular interest because skeletal
muscle insulin resistance may be caused by impaired insulin
signaling not only in myocytes, but also in endothelial
cells (391. Thus, the importance of endothelial function to
glucose metabolism needs to be considered. Differences in
structural and pharmacokinetic characteristics between teneli-
gliptin and other DPP-4 inhibitors may underlie its potency
and sustained effects on glycemic control, which make it
potentially beneficial for patients with a high risk of cardiovas-
cular disease. This review serves to highlight some of these
effects and their possible clinical relevance.
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