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Background: Glycemic variability takes into account the intraday glycemic excursions including
episodes of hyper and hypoglycaemia. This study was planned to compare effects of teneligliptin and
glimepiride as add-on to metformin on glycemic variability in Indian patients with uncontrolled type
2 diabetes mellitus (T2DM). Methods: This was a prospective, randomized, open-label, multi-centre
study in 52 T2DM patients uncontrolled on optimal metformin dose (HbAlc 7.0%-9.5%). They were
randomised in 1:1 ratio to teneligliptin 20 mg once daily (T/M group) or glimepiride(G/M group) as
an add-on to metformin and were deployed with a professional continuous glucose monitoring
(ICGM) device for 14 consecutive days. The endpoints measured were 24 hours mean glucose level,
proportion of time in euglycemia (>70 - <180 mg/dL), hyperglycemia (>180 mg/dL), and
hypoglycaemia (< 70 mg/dL). Results: Significantly higher proportion of time was spent in
hypoglycemia in G/M group compared to T/M group (10.04% vs 03.4%; p = 0.04). Proportion of
time spent in euglycemia and hyperglycemia was comparable between the groups. There was greater
reduction in PPG from baseline at Day 14 in T/M group (-27.16 £ 64.30 mg/dL) compared to G/M
group (-7.19 £ 78.45mg/dL, p = 0.53). Conclusion: Teneligliptin as add-on to metformin offers low
intraday glycemic variability, allowing more predictable glycemic control as compared to glimepiride
and emerges as a safe, tolerable and effective treatment in patients with T2DM on more stringent
criteria of glycemic variability.
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INTRODUCTION

It also calls for focus on new parameters like glycaemic
variability (GV) in addition to traditional end points like
glucose levels and glycated haemoglobin (Satya Krishna,

The prevalence of diabetes has nearly tripled in the last 30
years (Stulc, 2010). Around 425 million people across the
globe are living with diabetes and it is predicted that by 2045,
this number shall rise to 629 million (IDF, 2017).
Approximately two-thirds of patients with type 2 diabetes
mellitus (T2DM) in developed countries do not effectively
control their glucose levels and that an even greater proportion
does not do so in developing countries. Given the huge burden
T2DM poses on public health system, it calls for prompt
intervention to improve the glycemic control so as to avert its
short and long-term complications.

2013). Most clinical practice guidelines (IDF Diabetes Atlas,
2015; American Diabetes Association, 2010; Consoli, 2004
Rojas, 2013), recommend metformin as the first-line oral anti-
diabetic drug (OAD) for treating T2DM.T2DM is a
progressive disorder and as patients continue to experience
decline in B-cell function and worsening of insulin resistance,
demand for add-on OADs ensues. Sulphonylureas (SU) had
been a preferred option as add-on to metformin. However, with
the availability of newer OADs with benefits of low risk of
hypoglycaemia and weight neutrality, a clinical dilemma arises
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while selecting SU as the second line treatment option. SUs
have been shown to expedite beta-cell failure and induce
apoptosis at rates greater by two to fourfold (Sawada, 2018 and
Maedler, 2005). This precedes the future risk of early insulin
dependence, high prevalence of hypoglycaemia, weight gain,
and an increased incidence of cardiovascular events (Liu,
2012; Currie, 2013 and Phung, 2013). On the other hand,
newer OADs like DPP4 inhibitors, as a class, have shown to
preserve beta-cell function, have weight neutrality or even
induce weight loss, and have a low intrinsic risk of
hypoglycaemia (Lyu, 2017 and Amori, 2007) since they act in
a glucose dependant manner. The American Diabetes
Association (ADA), American Association of Clinical
Endocrinologists (AACE), European Society, and NICE (UK)
guidelines suggest that gliptins should be considered over other
oral anti-diabetic therapies after metformin especially if the
patient is experiencing an increased incidence of hypoglycemia
and/or weight gain (Rodbard, 2009; Nathan, 2009 and 17.
NICE, 2018). Maladkar et al. (2016) mentioned in their
comprehensive review that teneligliptin serves as an
appropriate add-on to metformin early in therapy to delay
exhaustion of pancreatic islet function. Teneligliptin, a third
generation gliptin, is a Class 3 inhibitor with reported fivefold
higher activity than sitagliptin (Nabeno, 2013). Its unique “J-
shaped anchor-lock domain” provides potent and long duration
of action. Further, it has a unique structure and binds to S1, S2,
and S2 extensive subsite of DPP-4 enzyme which leads to
enhanced potency and selectivity (Nabeno, 2013 and 21.
Yoshida, 2012). It also possess other important clinically
significant  properties like once-a-day administration,
maximum inhibition of DPP-4 enzyme within 2 hours, 24
hours glycemic control, minimal drug—drug interaction and
elimination by renal and hepatic route (Kishimoto, 2013 and
Eto, 2012). It has insulinotropic, glucagonostatic and B-cell
salvager properties.

In countries like India, as SUs and DPP4 inhibitors are
preferred as the most cost-effective option as add-on to
metformin, this study was planned to compare the glycemic
variability with the commonly used SUs and DPP4 inhibitors;
glimepiride and teneligliptin respectively. Most of the previous
studies relied on self-reported hypoglycaemia and self-
monitoring of blood glucose (SMBG) as indicators of glycemic
variability. For better predictability, we compared the effects
of teneligliptin and glimepiride as add-on to metformin on
glycemic variability in Indian patients with T2DM by
analysing 24-h glycemic fluctuations, retrospectively. For this,
we utilized a professional continuous glucose monitoring
(ICGM) system to provide information about the frequency of
glycemic fluctuations. The present study is the first of its kind
study reporting on effects of teneligliptin plus metforminon
glycemic variability from Indian population, and third only,
worldwide after two Japanese studies of very small sample size
(n= 26 and n=10, respectively) (Tanaka, 2014 and
Tsuchimochi, 2015).

MATERIAL AND METHODS

Subjects: This was a prospective, randomised, open-label,
multi-centre, controlled clinical trial of 52 T2DM patients aged
30-79 years, who had inadequate glycemic control (HbAlc
above 7.0% and below 9.5%) in spite of optimal metformin
dose, along with diet and exercise. Exclusion criteria were: i.
type 1 diabetes ii. serious infection iii. patients with QT
prolongation, arrhythmia or related risk due to underlying

cardio-vascular diseases iv. pre or post-operative condition, or
severe trauma v. pregnancy, woman of child bearing age not
using contraceptive methods, breast-feeding vi. Moderate or
severe renal dysfunction (estimated glomerular filtration ratio
[mL/min/1.73 m2]) < 50 mL/min, or serum creatinine level >
1.5 mg/dL in men or > 1.3 mg/dL in women) vii. Severe liver
dysfunction viii. Insulin treated patients ix. Treatment with oral
anti-diabetic agents except metformin x. history or risk of
acute pancreatitis. Patients were given detailed explanations of
the study protocol. Those who provided written informed
consent were included in the study. The study protocol was
approved by the Ethical Committee. The study was conducted
based on Declaration of Helsinki.

Methods

Study schematics are depicted in Figure 1.

Screening |

|
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and CGMS implant

L |
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CGMS - continuous glucose monitoring system, T/M - metformin +
teneligliptin, G/M — metformin + glimepiride, FPG — fasting plasma glucose,
PPG - post-prandial plasma glucose

Figure 1. Study schematics

Total 52 eligible consecutive patients were randomized in 1:1
ratio to either of the two arms (metformin + teneligliptin
[T/M]ormetformin + glimepiride [G/M]). One of the treatment
groups received tablet teneligliptin 20mg once daily before
breakfast, and other group received tablet glimepiride at
standard dose as an add-on to metformin, for 14 days. They
underwent thorough clinical examination with assessment of
medical history and demographics. Patients of both the
treatment arms were deployed with iCGM device for 14
consecutive days. Each patient was monitored throughout the
study period for any adverse drug reaction. Administration of
other OADs was prohibited during the study period and in
case, rescue medications were required, they were to be
prescribed at the discretion of the clinician and the subject was
to be discontinued from the study. The primary endpoints
measured were 24-hours mean glucose level (mg/dL),
proportion of time in euglycemia (blood glucose >70 - <180
mg/dL), hyperglycemia (blood glucose >180 mg/dL), and,
hypoglycaemia (blood glucose < 70 mg/dL). Secondary
endpoints were change in fasting and post-prandial glucose
level from baseline, and adverse events if any. The subjects
ingested near identical meals, and were advised not to change
their level of exercise during the study period.

Statistical analysis
Data were expressed as mean =+ standard deviation. The student

t-test and chi square test were used to compare values between
two groups, with the level of significance set at p<0.05.
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Statistical analysis of data was performed using the Statistical
Package for Social Sciences software, version 10.0 (SPSS,
Chicago, IL, USA).

RESULTS

The patient demographics are shown in table 1. Total 28
patients were analysed in T/M group and 24 patients in G/M
group. The groups were comparable at baseline with respect to
age and body mass index (BMI) (Table 1). Average 24-h
blood glucose was higher in T/M group (174.79 + 25.93)
compared to G/M group (159.73 + 36.37). As shown in Table
2, proportion of time spent in euglycemia was slightly higher
in G/M group compared to T/M group, but difference was not
statistically significant (p = 0.38). Significantly higher
proportion of time was spent in hypoglycemia in G/M group
compared to T/M group (p = 0.04). Numerically higher
proportion of time was spent in hyperglycemia in T/M group
compared to G/M group but the difference was not statistically
significant (p = 0.06). Table 3 shows the minimum and
maximum blood glucose levels recorded in both groups during
the entire study period.

Mean FPG and PPG were comparable at baseline between the
groups (Table 4). There was significant reduction from
baseline in FPG in G/M group (-23.88 mg/dL, p = 0,02) at Day
14. Reduction in FPG from baseline at Day 14 in T/M group
was not statistically significant (-15.33 mg/dl, p =0.26).
Numerically, the decrease in FPG was less in T/M group than
in G/M group but the difference was not statistically
significant (p=0.66). There was greater reduction in PPG from
baseline at Day 14 in T/M group (-27.16 mg/dL) compared to
G/M group (-7.19 mg/dL) but the difference was not
statistically significant (p = 0.53).

DISCUSSION

Efficacy of anti-hyperglycemic interventions is often at odds
with hypoglycemia. Previous studies relied on self-reported
hypoglycaemia but the incidence of asymptomatic
hypoglycemia went unrecognized. Glycemic variability (GV)
is an endpoint which takes into account the intraday glycemic
excursions including episodes of hyper and hypoglycaemia.
These peaks and nadirs of glycemic levels are responsible for
various microvascular and macrovascular complications in

Table 1. Demographic characteristics of type 2 diabetes patients treated with teneligliptin or glimepiride as add-on to metformin

Parameters T/MGroup (n=28)
Age (years)

Mean (£SD) 58.59+08.75
Range 41.0-73.0

BMI (Kg/m?)

Mean(+SD) 25.63+02.87
Range 20.5-33.9

Sex (%)

Male 18 (64.3)

Female 10 (35.7)

G/MGroup (n=24) P Value
0.55
56.96+10.44 (NS)
32.0-73.0
0.72
25.75+02.31 (NS)
21.6-31.7
0.30
12 (50.0) (NS)
12 (50.0)

By Student t test, Chi - Square Test, NS = Not Significant

Table 2. Comparison of Average Blood Glucose, Proportion of Time in Euglycemia, Hyperglycemia and Hypoglycaemia in patients

treated with T/M and G/M
Treatment Groups
Parameter P value

T/M Group G/M Group
Proportion of Time in Euglycemia (%) 30.14 34.14 0.38
(blood glucose >70 - <180 mg/dL) (NS)
Proportion of Time in Hypoglycemia (%) 03.40 10.04 *0.046
(blood glucose < 70 mg/dL)
Proportion of Time in Hyperglycemia (%) 66.46 55.82 0.06
(blood glucose >180 mg/dL) (NS)

By Student t test, NS = Not Significant, *Significant, T/M - metformin + teneligliptin, G/M — metformin + glimepiride

Table 3. Comparison of Highest and Lowest Glucose Level Recorded (14 Days)

Parameter

T/M Group (mg/dL)

G/M Group (mg/dL)

Minimum Glucose Level 73
Maximum Glucose Level 287

40
320

T/M - metformin + teneligliptin, G/M — metformin + glimepiride

Table 4. Comparison of Changes in Mean Fasting and Post-prandial Blood Glucose from Baseline

Visit Fasting Blood Glucose Post-prandial Blood Glucose
(m/dL) (mean + SD) (m/dL) (mean £ SD)
T/M Group G/M Group P value T/M Group G/M Group P value
(n=28) (n=24) (n=28) (n=24)
Baseline 154.17 £51.17 159.55 £ 58.78 0.89 191.99 +59.37 181.75 £ 65.88 0.75
(NS) (NS)
Day 14 145.14 £38.10 133.58 +40.68 172.35 £51.99 162.75 + 64.33
Change from -15.33 £54.31 -23.88 £41.26 0.66 -27.16 £ 64.30 -07.19 +78.45 0.53
baseline (0.26) NS *(0.02) (NS) (0.054) (0.12) NS (NS)

By Student t test, *Significant, NS = Not Significant, T/M - metformin + teneligliptin, G/M — metformin + glimepiride
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Diabetes (Stratton, 2000; Raz, 2009; Kota, 2011 and Kota,
2012). Hence, accurate determination of blood glucose
concentrations is a prerequisite for the development of more
efficacious therapeutic interventions. The present study is one
of the first studies from India reporting on professional CGM
monitored 24-hour glucose levels over a period of 14 days as
an efficacy endpoint of teneligliptin added to metformin.
Professional CGMs can provide actionable information based
on changing interstitial fluid glucose levels in a retrospective
manner and highlight glycemic fluctuations and trends that
would not have been identified with the conventional self-
monitoring of blood glucose alone. CGM has made the
attainment of near-normal blood glucose concentrations an
achievable goal and has also allowed the selection of lower
target levels for mean glucose and HbAlc (Rodbard, 2017;
Kesavadev, 2017 and Kesavadev, 2017). This has been further
endorsed by the fact that CE (Conformite Europeenne) and US
FDA (U S Food and Drug Administration) have recently
approved CGM for adjustment of insulin dosages. Previous
studies have been conducted in other ethnicities evaluating
impact of gliptins on glycemic variability. As per Kim et al.
(2013) the glucose-lowering effect of DPP-4 inhibitors appears
to be greater in Asians compared with Caucasians. However,
the impact on glycemic variability of DPP-4 inhibitors added
to metformin need to be clarified in the Asian population.
More so, Indians have a different meal pattern, physique and
basal metabolic index compared to westerners and other
Asians. Thus, this study answers an important research
question.

In this study, the parameter of ‘time in euglycemia’ and ‘time
in hyperglycemia’ were similar in both the groups, but ‘time in
hypoglycemia’ was significantly lesser in T/M group than G/M
group. It means that treatment with teneligliptin poses lesser
risk of hypoglycemia to patients than treatment with
glimepiride as add-on to metformin. At the end of 14 days,
there was greater reduction in PPG in T/M group compared to
G/M group. Our results are in agreement with other studies
evaluating GV in T2DM patients receiving gliptins based on
CGMS. A 4-week randomized, double-blind, prospective study
by Kim et al34 compared the effects of sitagliptin and
glimepiride on glycemic change and 24-h blood glucose
variability as add-on to metformin. They concluded that in
terms of conventional glycemic parameters like HbA1C, the
two groups were similar, but the marker of glycemic
variability, mean amplitude of glycemic excursions (MAGE)
decreased significantly in the sitagliptin group (4.9 + 1.0 to 3.7
+ 0.9 mmol/L, P<0.001), but no significant difference was
observed in the G/M group (5.7 £ 1.5 to 5.0 £ 1.4 mmol/L,
P=0.175).

In STABLE study which was a multicenter, randomized,
active-controlled, open-label exploratory study conducted by
Park S E et al. (2017), the effect of gemigliptin 50 mg (n=24),
sitagliptin 100 mg (n=23) or glimepiride 2 mg (n=22) as
initial combination therapy with metformin on glycaemic
variability was evaluated in 69 patients with HbAlc>7.5%.
The researchers found that after 12 weeks, the change in
MAGE compared with baseline was significantly lower in the
DPP-4 inhibitor groups compared with that in patients who
received glimepiride. Similarly, in another study conducted by
Scherbaum et al. (2008), there was a significant decrease in
glucose Area Under Curve (AUC 0-2 h) after 2 year treatment
with vildagliptin than in placebo group. Interestingly, the study
had also showed better effects in FBG and PPG as well as

improvement in B-cell function over 2 year treatment period in
patients with T2DM. This additional benefit might be observed
after long duration of administration. In a study conducted by
Kesavadev et al (2017), in Asian Indians with T2DM,
sitagliptin (100 mg) when compared to glimepiride (1-3 mg),
bestowed beneficial effects to the patients in terms of
achieving greater glycaemic control and also brought
significant reductions in total daily dose of insulin required,
bodyweight, BMI and hypoglycemic events. The results
indicated that sitagliptin is a superior agent over glimepiride as
an add-on to insulin-metformin therapy. The results of present
study indicate that the teneligliptin is equivalent to glimepiride
in terms of FPG, PPG values and 24-hour glycemic levels, but
scores higher in terms of safety related to hypoglycaemia. This
is further emphasized by the fact that significantly higher time
was spent in hypoglycemia in G/M group compared to T/M
group (p = 0.04) and the lowest recorded glucose level was
40mg/dL, in T/M group and 73 mg/dL in G/M group. Further,
the highest glucose excursion of 320 mg/dL was observed in
G/M arm, while in T/M arm it was 287mg/dL. The average
glucose level and percentage of time in target blood glucose
levels were not significantly different among the two groups.
The reason for this is that sulfonylurea’s stimulation of insulin
secretion is not strictly glucose dependent; they continue to
stimulate insulin secretion even with falling glucose
concentrations (Inzucchi, 2002). By contrast, teneligliptin
inhibits the enzymatic degradation of glucagon-like peptide-1
(GLP-1), which in turn stimulates insulin secretion and inhibits
glucagon release in a glucose-dependent fashion (Maedler,
2005). Similarly, comparable efficacy between gliptins and
sulfonylureas when either is added to metformin has been
proved in different meta-analyses. In terms of safety related to
risk of hypoglycemia, cardiovascular events, and weight gain,
gliptins score over sulfonylureas when used both as
monotherapy or as add-on to ongoing metformin therapy (Ou,
2015). It is notable that teneligliptin also significantly
decreased PPG in a short period of two week of administration
in T2DM patients maintained only on metformin. Similarly, a
Japanese study44 had shown that once daily teneligliptin
administration for 3 days significantly lowered PPG and FPG
levels, 24 h mean blood glucose levels, standard deviation of
24 h glucose levels and MAGE without hypoglycemia. The
ideal approach for T2DM management should be well rounded
taking not only glycemic control into consideration, but also
early preservation of isletfunction and providing a flat
glycemic profile round the clock, a strategy currently used to
delay progression of a T2DM. Given these properties,
teneligliptin serves as an appropriate add-on to metformin
early in therapy to delay exhaustion of pancreatic isletfunction
(Maladkar, 2016).

Strengths and Limitations of the study: This study has certain
limitations which should be considered when reviewing the
results. First, the number of subjects enrolled was relatively
small. However, the number of subjects is similar to some of
the previous studies (Mori, 2011; Osonoi, 2014 and Kim,
2013), evaluating glucose fluctuations affected by antidiabetic
drugs using CGM. Therefore, 24 and 28 patients in both arms
respectively might be enough to verify the effects of
teneligliptin on glucose fluctuation using CGM in present
study. Secondly, data were collected only for duration of two
weeks, so there are limitations in commenting on durability of
the treatment. Lastly, metformin dosing was as per the treating
physician's discretion, and overall efficacy may be impacted by
the aggressiveness of the use of either drug. However, the
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differential dosing reflects every day clinical use and suggests
how patients will be treated outside of a research study.

Future Prospects: It should be noted that the limitations of our
study include the small number of cases and the short duration
of the period of investigation. Thus, for future studies, the
durability of effects of the combination of teneligliptin with
metformin needs to be explored as well as more detailed
mechanistic studies need to be undertaken, vis-a-vis glucagon
secretion, prandial lipid levels and insulin sensitivity.

Conclusion

To attain good “quality” of glucose control with reduced
glycemic variability is a new end point on which modern
T2DM therapies are being assessed. Our study has
demonstrated that teneligliptin, when used as part of dual
therapy with metformin, offers the potential for additional
benefit accruing from reduced glycemic variability and the
patients spend lesser time in hyperglycemia or hypoglycaemia.
We conclude that teneligliptin added to metformin offers a
flatter glycemic profile with low within-day variability,
allowing a more predictable glycemic control. This effect was
seen rapidly after administration of teneligliptin. Thus,
teneligliptin added to metformin emerges as a safe, tolerable
and effective treatment in management of patients with type 2
diabetes, on more stringent criteria of glycemic variability.
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Key Points

e Teneligliptin with metformin ensures good quality of
glucose control with reduced glycemic variability in
T2DM patients.

e Teneligliptin offers a more predictable glycemic
control as compared to glimepiride.

e Teneligliptin added to metformin emerges as a safe,
tolerable and effective treatment in management of
patients with T2DM, on more stringent criteria of
glycemic variability.
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