
Vol.:(0123456789)1 3

Journal of Endocrinological Investigation 
https://doi.org/10.1007/s40618-023-02003-9

REVIEW

Systematic review and meta‑analysis of teneligliptin for treatment 
of type 2 diabetes

R. Pelluri1,2,3  · S. Kongara2 · V. R. Nagasubramanian3 · S. Mahadevan4 · J. Chimakurthy5

Received: 25 August 2022 / Accepted: 31 December 2022 
© The Author(s), under exclusive licence to Italian Society of Endocrinology (SIE) 2023

Abstract
Background and aim There are efficacy and safety concerns related to teneligliptin treatment. A systematic review of ran-
domized controlled trials (RCTs) was undertaken to comprehensively profile the efficacy and safety of teneligliptin in the 
treatment of type 2 diabetes mellitus (T2DM).
Methods Thirteen studies were chosen from a search of scientific databases for RCTs using teneligliptin as a monotherapy 
or as an adjunct to other glycemic agents with pre-specified inclusion criteria. We calculated weighted mean differences 
(WMDs) and 95% confidence intervals (CIs) in each included trial and pooled the data using a random-effects model.
Results Thirteen studies enrolled 2853 patients were identified. Teneligliptin treatment was associated with weight gain (vs. 
placebo, weighted mean difference (WMD) 0.28 kg; 95% CI − 0.20–0.77 kg; I2 = 86%; P = 0.25). Compared to monotherapy, 
add on therapy with teneligliptin showed significant improvement in FPG mg/dl levels (WMD − 16.75 mg/dl; 95% CI − 19.38 
to − 14.13 mg/dl), HOMA-β (WMD 7.91; 95% CI 5.38–10.45) and HOMA-IR (WMD − 0.27; 95% CI − 0.46 to − 0.07). 
The improvement in HbA1c was greater with monotherapy (WMD − 8.88 mmol/mol; 95% CI − 9.59 to − 8.08 mmol/mol). 
There was no significant risk of any hypoglycemia with teneligliptin compared to placebo (OR 0.84; 95% CI 0.44–1.60; 
I2 = 0%; P = 0.60). However, the risk was 1.84 times high when combined with other glycemic agents. The risk of cardio-
vascular events was comparable, regardless of treatment duration when compared to placebo or any other active comparator 
(OR 0.79; 95% CI 0.40–1.57; I2 = 0%; P = 0.50). [PROSPERO, CRD42022360785].
Conclusions Teneligliptin is an effective and safe therapeutic option for patients with T2DM, both as monotherapy and as 
add-on therapy. However, additional large-scale, high-quality, long-term follow-up clinical trials with diverse ethnic popula-
tions are required to confirm its long-term efficacy and safety.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic progressive 
disease and its mortality and morbidities are rising at alarm-
ing rates [1]. Dipeptidyl peptidase-4 (DPP-4) inhibitors 
(formally known as gliptins) belong to the class of incretin 
mimetics [2]. These medications have been available for the 
treatment of T2DM over a decade ago [3]. DPP-4 enzyme 
is widely distributed throughout the body [4] and it rapidly 
inactivates the incretin hormones glucagon-like peptide-1 
(GLP-1) and glucose dependent insulinotropic polypeptide 
(GIP) [5] and, thus the incretins simulate the pancreatic beta 
cells to produce insulin [6, 7]. While, some anti-inflamma-
tory agents fail to preserve beta cells [8]. Hence, inhibitors 
of DPP-4 enzyme provide a strategic option for manage-
ment of T2DM [9–11] with promising reduction of  HbA1c 
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in Asians than non-Asians [12]. In general, incretins improve 
pancreatic beta cell function [13]. Patients with T2DM have 
a 60% reduction in beta cell function when compared to 
nondiabetics [14]. The decreased beta cell mass of 50–60% 
is not enough to cause diabetes every time [15].

Teneligliptin is a gliptin, but it is structurally distinct from 
other gliptins, comprising J-shaped structure with an anchor 
lock domain. Consequently, it has high receptor affinity lead-
ing to a longer duration of action, maintaining a consistent 
glucose levels throughout the day. The pleiotropic effects of 
teneligliptin on vascular function, lipids, and possibly obe-
sity may be advantageous for diabetics who are obese and 
those at high risk for diabetic vascular complications [16]. 
Teneligliptin was developed in Japan, is now approved and 
available for the treatment of T2DM in Japan, Korea, India, 
and Argentina. There are currently eight gliptins available 
in the market (sitagliptin, saxagliptin, vildagliptin, linaglip-
tin, alogliptin, gemigliptin, evogliptin and teneligliptin) [17] 
and adequate number of clinical trials have been conducted 
around the world to determine its safety and efficacy besides 
teneligliptin. Few studies have been conducted on teneliglip-
tin, and the pooled randomised clinical trial data are still 
insufficiently powered to detect the beneficial or detrimental 
effect with teneligliptin. Therefore, evidence on its safety 
and efficacy as monotherapy and add-on therapy with tenel-
igliptin should be updated.

Methods

The present review was carried out in accordance with the 
PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-analyses) extension statement for reporting sys-
tematic reviews that included network meta-analysis of 
health care interventions [18]. The present meta-analysis 
was registered with International prospective register of 
systematic reviews, Centre for Reviews and Dissemination 
(PROSPERO), CRD42022360785.

Search strategy

A systematic review of the literature was done using the data-
bases PubMed, Cochrane, Scopus, and Embase, as well as 
https:// www. clini caltr ials. gov, from inception to September 
30th 2022. The search strategy for our chosen study was per-
formed in accordance with the PRISMA statement. The fol-
lowing MeSH terms were employed in a Boolean query which 
combined each of the separately searched. The key terms 
were DPP-4i (OR) “Teneligliptin,” “MP-513,” “T2DM,” and 
“Type 2 diabetes mellitus” to search data and these terms were 
modified to comply with the relevant rules in each database. 
We also searched the data using (“Diabetes Mellitus, Type 
2"[MeSh] AND teneligliptin”). Furthermore, we sought for 

teneligliptin with other antidiabetic drugs (AND) in combina-
tion of teneligliptin. No restriction of language or publication 
date was applied. We analysed full-text articles, entered search 
results into a citation management programme, screened titles, 
and abstracts to avoid duplication. Duplicates of those that 
were meeting our review criteria were excluded. Three authors 
screened for duplication and the fourth author resolved the 
disagreements of consensus.

Study selection

The studies were chosen based on an initial screening of 
identified titles and abstracts, followed by a second screening 
for full-text articles. The eligible studies were considered if 
they met the following PICOS criteria., with the patients (P) 
being people living with T2DM; the intervention (I) being 
the use of teneligliptin with any dose for managing T2DM 
not less than 12 weeks; the control (C) being patients either 
on placebo or other active anti-diabetic agents; and the out-
come (O) of interest was the impact on body weight, fasting 
plasma glucose (FPG), homeostasis model assessment of 
beta cell function (HOMA-β), homeostasis model assess-
ment of insulin resistance (HOMA-IR), glycated hemo-
globin  (HbA1c %) from baseline to end of the treatment 
including the follow-up. The incidence of adverse events 
(AEs) of hypoglycemia, cardiovascular events and deaths 
were assessed. The study designs (S) being of RCTs were 
included in this meta-analysis. Different search engines were 
used to find and retrieve the studies with RCTs of safety and 
effectiveness of teneligliptin. The conference reports and 
abstracts were not archived due to insufficient information.

Data extraction

Three independent reviewers (RK. P., J. Ch, and VR. N) 
carefully extracted the abstract in accordance with the inclu-
sion criteria. Any disagreements were resolved by the senior 
reviewers (S.K and S.M) until agreement was reached on all 
issues. A standard data extraction format was used to collect 
the information retrieved from the RCTs which included, the 
name of the first author, year of publication, country, inclu-
sion criteria, follow-up study, background treatments, com-
parator, mean age of population, total number of patients, 
percentage of male/female, total participants, total number 
of hypoglycemic events, mean values of HOMA-β, mean of 
HOMA-IR, and mean  HbA1c %.

Study population

Inclusion criteria

In our review, we included randomised controlled trials 
(RCTs) of teneligliptin as monotherapy or in combination 

https://www.clinicaltrials.gov
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with any anti-diabetic agents in patients with T2DM for at 
least 12 weeks (any number of arms) in comparison with 
placebo. Inclusion of studies with teneligliptin for the treat-
ment of T2DM according to WHO diagnostic criteria were 
as follows: (1) patients, of any ethnicity and age 18 years 
or older of either gender with  HbA1c ≥ 6.5% (2) Interven-
tion, use of any dose of teneligliptin as monotherapy or add 
on to any other anti-diabetic agents with duration not less 
than 12 weeks. (3) Comparison, placebo, or active compara-
tors with or without background therapy. (4) Outcomes: at 
least one of the following parameters was reported: (a) body 
weight, (b) FPG, (c) HOMA-β, (d) HOMA-IR and (e)  HbA1c 
%. (5) The incidence of hypoglycemia, cardiovascular events 
such as hospitalisation for heart failure, stroke, QT prolon-
gation, and death were also evaluated as safety parameters 
in this review.

Exclusion of criteria

Studies were excluded, if they included patients of type-1 
diabetes (T1DM),  HbA1c > 10%, history of renal, hepatic 
failures, pancreatitis, and cardiovascular disorders.

Risk of bias assessment

Three authors independently evaluated the risk of bias for 
all included RCTs. Bias including selection bias, perfor-
mance bias, detection bias, attrition bias, reporting bias 
and other bias, such as design-specific risks of bias, base-
line imbalance, blocked randomization in unblinded trials, 
were assessed with the Cochrane Risk of Bias tool. Any 
discrepancies were resolved by discussion. The overall risk 
of bias for each study was provided (Supplementary Mate-
rial Figs. 1and 2).

Statistical analysis

All analyses were carried out using Review Manager ver-
sion 5.3.1; formally known as Cochrane’s Review Man-
ager. The continuous outcomes were computed to weighted 
mean differences (WMDs) using Der-Simonian and Laird 
random-effects methods. We used Mantel–Haenszel fixed-
effects methods to calculate odds ratios (ORs) for dichoto-
mous outcomes, with a treatment arm continuity correction 
and zero total events trials included when necessary [19]. 
Heterogeneity was quantified using the I2 statistic, with the 
values ranging from 0% to 100% and values of 25%, 50% 
and 75% representing low, moderate, and high levels of het-
erogeneity, respectively. In general, 50% of I2 value repre-
sented substantial heterogeneity [20]. The safety and effi-
cacy of teneligliptin’s meta-analysis was performed between 
monotherapy (teneligliptin or placebo) and add-on therapy, 
i.e., other anti-diabetic agents with teneligliptin or placebo). 

Furthermore, sub-group analysis was employed to assess the 
results with high heterogeneity (I2 ≥ 75%). The studies of 
sub-groups were stratified based on the duration of treatment 
with teneligliptin < 16 weeks [22, 24, 25, 27] and > 16 weeks 
[21, 23, 26, 28–33].

Results

Literature search and study inclusion

The PRISMA flow diagram summarises the study selection 
process (Supplementary Material Fig. 3). The electronic 
search retrieved 318 potentially relevant records, of which 
133 duplicates records were removed. After screening the 
title and abstract for inclusion/exclusion criteria, 104 of the 
188 records were excluded. The eligibility of the remain-
ing 84 full-text articles was determined. The remaining 71 
articles were excluded for various reasons, including: trial 
duration of 4 weeks (n = 7), incongruent for study (n = 12), 
non-eligible comparisons (n = 15), non-randomized (n = 6), 
and narrative or systematic reviews (n = 31). Finally, 13 
RCTs fulfilled the inclusion criteria and were considered 
for the proposed study. The included studies comprise of 
2853 patients, of which five studies were Monotherapy 
[21–25] and eight studies [26–33] were add-on therapy 
with Teneligliptin or Placebo. In the included studies, the 
effect of teneligliptin on glycemic parameters, change of 
body weight, and adverse events, such as hypoglycemia, 
cardiovascular events, and mortality were evaluated. All 
these studies were randomized controlled trials (RCT) of 
teneligliptin on patients with T2DM. The characteristics of 
the included studies in this meta-analysis were represented 
in Supplementary Material Table 1.

Efficacy parameters

Change of body weight

A total of eight studies were evaluated for change of body 
weight, which comprised two of monotherapy [21, 23] and 
six add-on therapy [26, 28, 29, 31–33] studies, with a total 
of 1422 subjects. Treatment with teneligliptin monotherapy 
resulted in increase of body weight compared with placebo 
(Weighted mean difference WMD, 0.60 kg; (95% CI − 0.19 
to 1.39 kg; I2 = 72%). A marginal increase in body weight of 
0.17 kg was observed in add-on therapy group. The overall 
effect of teneligliptin on body weight was not statistically 
significant (WMD 0.28 kg; 95% CI − 0.20 to 0.77; I2 = 86%; 
P = 0.25). Teneligliptin with canagliflozin showed negligible 
reduction on body weight (WMD − 0.81 kg) (Supplemen-
tary Material Fig. 4). In contrast to sub-group analysis, the 
included study’s treatment duration was more than 16 weeks. 
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Hence, it was not possible to perform sub-group analysis 
(Supplementary Material Fig. A).

Effect on fasting plasma glucose (mg/dl)

Data from thirteen studies involving 3220 people with 
T2DM were analysed to identify the impact of teneligliptin 
treatment as both mono and add-on therapy on FPG lev-
els [21–33]. Owing to comparison, monotherapy (WMD 
− 13.37 mg/dl; 95% CI − 15.05 to − 11.70; I2 = 90%) was 
non-inferior in reducing FPG compared to add-on therapy 
(WMD − 16.75 mg/dl; 95% CI − 19.38 to − 14.13; I2 = 50) 
(P < 0.00001). The overall effect of teneligliptin has reduced 
FPG levels by − 15.27 mg/dl compared to placebo (WMD 
−  15.27  mg/dl; 95% CI −  17.10 to −  13.45; I2 = 95%) 
(P < 0.00001) and the difference between the groups were 
statistically significant in reducing FPG (P = 0.03 and 
I2 = 78%). The substantial WMD was noticed with glime-
piride adding to teneligliptin [28], which showed greatest 
reduction of FPG − 27.10 mg/dl (95% CI − 33.23 to 20.97) 
(Fig. 1). In sub-group analysis, the effect of teneligliptin 

with more than 16 weeks of treatment has better reduction of 
FPG, WMD was − 16.64 mg/dl (WMD − 16.64 mg/dl; 95% 
CI − 19 to − 14.28 mg/dl; I2 = 39%) compared to less than 
16 weeks of treatment, WMD was − 13.62 mg/dl (WMD 
− 13.62 mg/dl; 95% CI − 15.40 to − 11.85 mg/dl; I2 = 92%). 
The test for sub-group differences was significant (P = 0.05 
and I2 = 75.1%) (Supplementary Material Fig. B).

HbA1c (%)

Thirteen studies [21–33] were reviewed for the reduction 
of glycated haemoglobin percentage, of which, five were of 
teneligliptin monotherapy [21–25] and eight [26–33] were 
add-on therapy. In pooled analysis, the WMD was − 0.68 
(WMD − 0.68%; 95% CI − 0.85 to − 0.50%; I2 = 100%; 
P < 0.00001) and, in sub group analysis, monotherapy 
had greatest reduction of  HbA1c WMD − 0.88% (95% CI 
− 0.95 to − 0.80%; I2 = 89%; P < 0.0001) compared to add-
on therapy WMD − 0.62% (95% CI − 0.87 to − 0.37%; 
I2 = 100%; P < 0.0001) (Fig. 2). Of note, teneligliptin 40 mg/
day as monotherapy (WMD − 1.00%) [24] exhibited highest 

Fig. 1  Weighted mean difference in change from baseline in fasting plasma glucose (mg/dl): teneligliptin versus placebo or active comparators. 
Results are from inverse variance random-effects meta-analysis
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improvement in  HbA1c (%), compared to teneligliptin 40 mg/
day plus metformin (WMD − 0.63%) [30]. However, tenel-
igliptin 20 mg/day with glimepiride (WMD − 1.00%) [28] 
had shown equivalent efficacy compared to teneligliptin 
40 mg/day [24]. In subgroup analysis, there was no signifi-
cant difference between duration of treatment and change in 
 HbA1c (%) (P = 0.07 and I2 = 70.6%) (Supplementary Mate-
rial Fig. C). 

Safety outcomes

Risk of hypoglycemia

The current meta-analysis found no significant hypoglyce-
mic incidence among the studies (mono and add-on therapy), 
and the incidence of hypoglycemia was similar in patients 
receiving teneligliptin versus placebo in monotherapy (OR 
0.84; 95% CI 0.44–1.60; I2 = 0%; P = 0.60). Of note, the 
odds of hypoglycemia were 1.84 times in add-on therapy 
(OR 1.84; 95% CI 1.03–3.27; I2 = 17%; P = 0.04) compared 
to placebo. The overall risk of hypoglycemia was not sta-
tistically significant when compared to monotherapy and 

add-on therapy (P = 0.21) (Fig. 3). The odds of hypoglyce-
mia were not significant in contrast to duration of treatment 
in sub-group analysis (P = 0.17, I2 = 47.8%) (Supplementary 
Material Fig. F). However, the risk of hypoglycemia was 
predominantly high in teneligliptin with metformin [27, 30] 
and insulin [32].

Cardiovascular outcomes

Incidence of cardiovascular risk (CV) was similar in 
patients receiving teneligliptin compared to those receiving 
either placebo or any active comparator (OR 0.79; 95% CI 
0.40–1.57; I2 = 0%; P = 0.50) (Fig. 4). The odds of CV risk 
were also similar in sub-group analysis and the sub-group 
difference is not statistically significant (P = 0.38, I2 = 0%) 
with duration of treatment (Supplementary Material Fig. 
G). Overall, fifteen CV events were observed in the mono-
therapy group, of which, five were in the teneligliptin-treated 
group and ten were in the placebo-treated group. Among 
them, one incidence of QT prolongation was noticed in 
teneligliptin-treated group [21]. Treatment emergent CV 
adverse events (stroke and other CV events) were chiefly 

Fig. 2  Weighted mean difference in change from baseline in  HbA1c (%): teneligliptin versus active comparators. Results are from inverse vari-
ance random-effects meta-analysis
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observed in add on therapy group compared to placebo [26, 
30, 31]. No death was reported among patients who were 
treated with teneligliptin, and one death was reported in pla-
cebo group (N = 80) [24] of monotherapy (Supplementary 
Material Table 2).

Discussion

The study examined the effect of teneligliptin on glycemic 
parameters and body weight. The findings revealed that 
teneligliptin was effective in reduction of FPG, HOMA-IR, 
HbA1c and improvement of beta call function (HOMA-β), 
both as mono therapy and add on therapy. However, tenel-
igliptin was associated with a slight increase in body weight 
compared to placebo or other active comparators. Risk for 
hypoglycemia was similar to placebo and lower than with 
other active comparators. In addition, results for incidence 
of certain cardiovascular events (QT prolongation, angina 
pectoris, stroke palpitations etc.) and all-cause mortality 
were reassuring. In this review we found a high level of 
heterogeneity (I2, 75–100%) despite performing sub group 
analysis, However, heterogeneity of sub-group differences 

was minimally reduced. We believe that, high I2 values are 
because of, most of the populations being Asians and are 
positively responding to incretins [34] due to variations in 
gene and lifestyle [35].

The efficacy and safety of teneligliptin examined in ear-
lier systematic review were with limited studies [36] which 
included treatment with less than 4-week duration, and with 
inadequate data on cardiovascular and total mortality. Fur-
thermore, the current evidence on teneligliptin needed to be 
updated. Hence, we attempted to review the most recent and 
comprehensive summary of the available evidence regarding 
teneligliptin as of September 2022. We employed an exhaus-
tive search and performed sensitivity analysis to ensure the 
robustness and validity of our results. Treatment with tenel-
igliptin resulted in slight increase of body weight (0.28 kg) 
compared to placebo. Notably, comparison with monother-
apy (0.60 kg), add on therapy (0.17 kg) resulted in negligi-
ble increase of body weight. Of note, teneligliptin added to 
metformin and canagliflozin resulted minimal reduction of 
body weight (− 0.40 and − 0.87 kg) [29, 32]. Cai et al. per-
formed a meta-analysis on gliptins other than teneligliptin. 
They observed an increased body weight among the Asians 
and Caucasians (WMD 0.37 and 0.45 kg, respectively) [37]. 

Fig. 3  Odds ratio for incidence of hypoglycemia: results are from Mantel–Haenszel fixed effects meta-analysis with a treatment arm continuity 
correction
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Treatment with gemigliptin did not have a significantly dif-
ferent change in body weight after 12–24 weeks of therapy 
when compared to the placebo (WMD 0.84 kg) [38]. Tenel-
igliptin resulted in less weight gain compared to gemigliptin. 
The high dose of semaglutide 2.4 mg, one of the approved 
[39] glucagon-like peptide 1 (GLP-1) receptor agonists 
(GLP-1RAs), had resulted in significant weight loss [40], 
and GLP-1 RA are fair enough in reducing body weight 
compared to DPP-4Is [41]. In general, gliptins are associated 
with change of body weight, DPP-4Is are regarded as weight 
neutral with respect to change of body weight [42]. Weight 
gain can still occur when gliptins are given in combination 
with sulfonylureas [44, 45].

Patients treated with teneligliptin resulted in significant 
decrease in FPG levels, compared to placebo. The effect 
was superior in add-on therapy and the difference in groups 
was also significant (P = 0.03). The reduction of FPG levels 
was significant in both < 16 weeks and > 16 weeks of treat-
ment with teneligliptin in sub-group analysis (P < 0.00001). 
The differences were also significant (P = 0.05) with high 
I2 = 75.1%. These findings are similar in previous meta-
analysis (P = 0.06) [36]. In our review, glucose lowering 
capacity was higher in add-on therapy (WMD − 16.42 mg/
dl) compared to monotherapy (WMD − 13.27 mg/dl). Cai 
and colleagues investigated the effect of DPP-4Is other 

than teneligliptin on FPG levels. They noticed the WMD 
− 8.43 mg/dl; 95% CI − 20.14 to 3.27, (P = 0.16) among 
Asians and Caucasians. Our study reveals that teneligliptin 
effectively reduces the FPG levels compared to other gliptins 
[37]. Similarly, our results are also in concordance with 
gemigliptin meta-analysis conducted by Dutta et al. which 
stated that the treatment with gemigliptin showed significant 
reduction in FPG (WMD − 16.82 mg/dl) [38]. These find-
ings were also quite similar with pioglitazone and add-on 
therapy with DPP-4Is (Sitagliptin, saxagliptin, vildagliptin, 
linagliptin, alogliptin) WMD − 0.94 mmol/l (i.e., 16.93 mg/
dl) [46]. Their results were similar with teneligliptin with 
pioglitazone (WMD − 16.50 mg/dl) [29]. Substantial reduc-
tion was noticed with teneligliptin added to glimepiride 
(WMD − 27.10 mg/dl) compared to other studies included 
in our review [28] which was certainly a greatest reduction 
compared to other anti-diabetic agents indicating that, sul-
fonyl urea antidiabetic agents are superior to thiazolidinedi-
ones. This could be due to difference in pharmacodynamics 
and duration of the study. In general, insulin secretagogues/
sulfonylureas have a significant impact on FPG levels.

In view of improvement of β cells function, DPP-4Is 
have been linked to improved HOMA-β cells, making them 
a viable treatment option in early disease when patients still 
have adequate levels of β-cell function. The pathophysiology 

Fig. 4  Odds ratio for incidence of cardiovascular events: results are from Mantel–Haenszel fixed effects meta-analysis with a treatment arm con-
tinuity correction
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of T2DM relies profoundly on β-cell destruction, and pre-
serving β-cells slows disease progression [23]. In our study, 
treatment with teneligliptin as mono [21, 23, 24] and add-on 
therapy [26–30, 33] showed significant improvement of β 
cells function (WMD 6.19% and 7.91%); however, the dif-
ference between the groups was not significant (P = 0.34) 
(Fig. 5), the results were also similar in sub-group analy-
sis between < 16 weeks and > 16 weeks of teneligliptin 
treatment (Supplementary Material Fig. D). Our findings 
are comparable to previous study conducted by Li and 
colleagues. In their review, teneligliptin increased the 
β-cells function by 9.31 (WMD 9.31, 95% CI 7.78–10.85; 
P < 0.00001), and results are represented in inverse vari-
ance Fixed-effects meta-analysis [36]. Similarly, DPP-4Is 
other than teneligliptin showed improved β-cell function 
in (WMD, 7.90) [37]. Takahashi et al. worked on DPP-4Is 
(except teneligliptin) and other oral hypoglycemic agents 
(OHAs) and observed that, gliptins are superior to alpha glu-
cosidase inhibitors (α-GIs) but inferior to GLP-1 analogues 
in preservation of beta-cell function [47]. The varying of 
improvement of HOMA-β % was noticed with sitagliptin. 
The improvement was similar in sitagliptin 100 mg as mono 
and other active comparators (WMD 9.15% and 9.04%) 
[48], while in other review, sitagliptin 50 mg plus sulfonyl 

urea was superior (WMD 20.90; 95% CI − 10.02, 65.82) 
in improving HOMA-β% compared to sitagliptin 100 mg 
(WMD 5.40; 95% CI − 1.62; 12.42) [49]. Previous finding 
was also similar with sitagliptin 100 mg in mixed diabetic 
population of India, Chania, and Korea (WMD 5.4; 95% CI 
− 1.3 to 12.1, P > 0.05) [50]. DPP-4Is has significant impact 
on HOMA-β% among Asian and Caucasian diabetic patients 
and, Caucasians are well responders to DPP-4Is [51]. In our 
review teneligliptin plus metformin had highest improve-
ment of HOMA-β% [23, 26, 27, 30]. However, there was 
no difference with 20 mg or 40 mg of teneligliptin alone or 
adding to other glycemic agents [24, 30]. In general, gliptins 
have insulin secretary function from pancreatic beta cells 
(incretin effect). gliptins could improve beta cell function 
directly or indirectly, but they are inferior to GLP-1 ana-
logues in terms of preserving β-cell function [36]. 

HOMA model is employed in evaluation of pathophysiol-
ogy of diabetes, which measures the β-cell function and insu-
lin resistance (IR). In contrast to reduction of HOMA-IR, we 
examined nine studies, including three monotherapy [21, 
23, 24] and six add-on therapy [26–30, 33] (Fig. 6). Patients 
treated with teneligliptin had significantly reduced IR in both 
groups compared to placebo, respectively. Mono therapy 
was inferior (WMD, − 0.17%) to add-on therapy (WMD 

Fig. 5  Weighted mean difference in change from baseline in HOMA-β (%): teneligliptin versus placebo or active comparators. Results are from 
inverse variance random-effects meta-analysis
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− 0.27%) in reversal of IR. While, but the sub-group differ-
ence was not significant (P = 0.46). These findings were also 
similar in sub-groups between < 16 weeks and > 16 weeks of 
treatment with teneligliptin (P = 0.36, I2 = 0%) (Supplemen-
tary Material Fig. E). Teneligliptin 40 mg plus metformin 
had superior efficacy (WMD − 1.04%) [30] than teneliglip-
tin 40 mg alone (WMD − 0.30%) [24] in reduction of IR, 
respectively. Our findings are comparable to those of Li 
et al. They revealed that teneligliptin add-on therapy (WMD 
− 0.06%) outperformed monotherapy (WMD − 0.25%). In 
monotherapy, WMD was − 0.12% compared to placebo 
[36]. Similarly, Lyu et al. mentioned that DPP-4 inhibi-
tors (other than teneligliptin) as monotherapy or as add-on 
therapy significantly improved β-cell function but had no 
significant effect on insulin resistance in T2DM [52]. Add on 
therapy with sitagliptin 100 mg showed insignificant reduc-
tion of IR and significant decrease in glycemic parameters 
[48], whereas our findings are significant in both groups. 
The differences in outcomes may be attributable to ethnic 
differences and dietary factors and meal standardisation. 
However, interpretation of these HOMA indices needs cau-
tion. The included studies in the current review do not state 
whether the subjects had dyslipidaemia, hypertension, or 

hyperuricemia along with type 2 diabetics. As a result, the 
reliability and interpretation of HOMA indices are uncertain 
[53]. Yet, HOMA-IR is an independent predictor of CVD in 
type 2 diabetes. The improvement of insulin resistance might 
have beneficial effects not only on glucose control but also 
on CVD in patients with type 2 diabetes [54]. 

The overall effect of teneligliptin treatment had signifi-
cant decrease in  HbA1c levels (WMD − 0.68%). Compared 
to monotherapy (WMD − 0.88%) add-on therapy showed 
less reduction (WMD − 0.62%) of  HbA1c levels. The change 
of  HbA1c levels was also similar in sub-group analysis, and 
these results are supported by the previous studies. Gliptins 
as monotherapy reduced  HbA1c levels better than combi-
nation with other anti-diabetic agents [55–57]. The pre-
sent results were also comparable to those of gemigliptin. 
According to the review, gemigliptin treatment resulted in a 
significantly greater reduction in HbA1c (WMD − 0.91%) 
[38]. Similarly, Dutta et al. evaluated the effect of evogliptin 
in patients with T2DM. Evogliptin was not inferior to sit-
agliptin or linagliptin in terms of HbA1c reduction (WMD, 
0.06%) at 12 and 24 weeks (WMD 0.57%) at follow-up. 
However, it was superior to placebo at 12 and 24 weeks 
(WMD 0.57% and 0.22%), respectively [43]. Wang et al. 

Fig. 6  Weighted mean difference in change from baseline in HOMA-IR: teneligliptin versus active comparators. Results are from inverse vari-
ance random-effects meta-analysis
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investigated on pioglitazone as mono-therapy and add-on 
therapy with DPP-4Is other than teneligliptin. When com-
pared to pioglitazone alone, DPP-4Isand pioglitazone com-
bination therapy was associated with a greater reduction 
in  HbA1c (WMD − 0.64%) [46]. He et al. also worked on 
DPP-4Is (other than teneligliptin) add-on to active compara-
tors and found minimal WMD, 0.26% with DPP-4Is [58]. 
Similarly, Wang et al. conducted a review on omarigliptin 
and reported that omarigliptin significantly reduced  HbA1c 
levels when compared to other OHAs (WMD 0.38%) [59]. 
In contrast to our findings, teneligliptin as monotherapy had 
a better reduction of HbA1c levels, i.e., WMD, − 0.88%, 
than add-on therapy. This variation could be due to a dif-
ference in duration of diabetes. The current study included 
add-on therapy studies that lasted more than 6 years. HbA1c 
reduction is unlikely to be greater than 1.5% during the first 
6 months of treatment. Pre-treated HbA1c levels have mod-
est effect on reduction of HbA1c in response to therapy, 
while teneligliptin 40 mg as mono or add on therapy had no 
differences [24, 29, 30].

The reason, while treating patients with diabetes, it is 
difficult to achieve and maintain recommended glycemic 
targets without causing adverse cardiovascular (CV) and 
hypoglycemic effects. Probably, DPP-4Is are safer and are 
associated with a low risk of hypoglycaemic episodes and 
weight gain when compared to other antidiabetic agents. 
Hence, these are advocated for hyperglycaemic individuals 
with high risk of hypoglycemia [60]. In the present study, 
the difference in hypoglycemic incidence between teneliglip-
tin and placebo was not significant (P > 0.05), regardless of 
duration of therapy. Our findings are similar, in contrast to 
hypoglycemic episodes with DPP-4Is. In a Swedish study, 
patients taking both metformin and sulphonyl ureas (SU) 
have higher risk of severe hypoglycemia, compared to those 
taking DPP-4Is [61]. Hypoglycemia is still possible when 
gliptin is combined with SU [44, 45]. The risk was also high 
in linagliptin and sitagliptin when combined with insulin or 
insulin secretagogues compared to placebo [62].

In our review, there is no significant CV risk difference 
among the teneligliptin treated groups compared to placebo, 
despite of treatment duration. Our findings are supported by 
other studies. Several cardio vascular outcome trials (COVT) 
have been studied with DPP-4 Is. Sinha et al. were reviewed 
five available COVT with DPP-4i; SGLT2-i and GLP1-RA. 
DPP-4Is and reported that SGLT2-i were associated with neu-
tral effect on myocardial infraction (MI), stroke, hospitaliza-
tion due to heart failure (hHF) and CV death compared to 
placebo (P > 0.05). The class of GLP1-RA had significantly 
reduced the risk of atherosclerotic cardio vascular disease 
(ASCVD), such as MI and stroke [63], whereas DPP-4Is 
were not associated with hHF [64]. However, while sitaglip-
tin was associated with a neutral CV risk in a pooled analysis, 
SUs was associated with a higher rate of CV-related events 

in a sub-group analysis [65]. Besides this, in both RCTs and 
cohort studies, the CV safety of SU appears to be lower than 
that of DPP-4Is [66]. While, in our review, CV events are not 
observed in patients treated with SU plus teneligliptin [28, 
33]. The CV safety was also assessed in Swedish diabetics, 
and a higher risk of CV complications and all-cause mortality 
was observed in those who had taken both biguanides and SU 
compared to those who took biguanides and DPP-4Is. How-
ever, teneligliptin was not included in their study [61]. The 
long-term effects of DDP-4Is were associated with low risk 
of MI than SU and this outcome was similar with GLP-1RAs 
[67]. During 641 days of follow-up, teneligliptin therapy was 
not associated with an increased risk of CV events including 
hHF and lower risk of hypoglycemia compared to SU therapy 
[68], similarly DPP-4Is (not included teneligliptin) showed no 
significant effects on CV mortality [64, 69]. However, com-
pared to DPP-4i treatment, insulin initiation was associated 
with an increased risk of all-cause mortality, fatal and nonfatal 
CVD, and severe hypoglycemia [70]. Which indicated that the 
DPP-4Is are safer in patients of T2DM with CV disorders. To 
strengthen and update the existing evidence on teneligliptin, 
extensive RCTs with longer durations on diverse T2DM popu-
lations are required.

On detailed analysis, the strengths of this meta-analysis 
include the incorporation of direct evidence from recently pub-
lished high-quality RCTs which are assessed for the efficacy 
and safety of teneligliptin. Considering, treatment duration 
and other factors may affect the outcomes of the study, hence 
subgroup meta-analysis was conducted. Nevertheless, it is also 
necessary to acknowledge certain limitations. First, it was dif-
ficult to avoid certain heterogeneity, irrespective of performing 
sub-group analysis. Second, teneligliptin monotherapy clinical 
trials are shorter (< 24 weeks) hence, long term studies are 
required to assess the long-term benefits and risks of tenel-
igliptin alone and in combination with other hypoglycemic 
drugs. Third, the included studies did not provide sufficient 
data for meta-analysis. In addition, teneligliptin is well-toler-
ated. However, our study evaluated only the risk of hypogly-
cemia and cardiovascular safety among the included studies, 
as this is the outcome in which we were interested. Based on 
currently available data from a limited number of RCTs, com-
bination therapy effective in the improvement of beta cell func-
tion and reduction of glucose levels, thus offering a valuable 
option for T2DM patients with inadequate glycemic control on 
monotherapy. Of note, our inferences are based on data from 
RCTs that were not designed to assess these outcomes.

Conclusions

In conclusion, our study has demonstrated efficacy and 
safety profile of teneligliptin as mono or add-on therapy 
with other glycemic agents which have good response in 
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type 2 diabetes patients. Teneligliptin showed statistically 
significant improvement in FPG levels, β cell functioning, 
IR, and  HbA1c % compared to placebo. Teneligliptin had 
no impact on reduction of body weight. Furthermore, the 
adverse outcomes are not significant in patients treated with 
teneligliptin alone or combination with other agents com-
pared to placebo. However, additional large-scale, high-qual-
ity, long-term follow-up clinical trials are needed to confirm 
the long-term effectiveness and safety with teneligliptin.
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