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Abstract

Metformin and sulfonylureas (SU) are commonly used oral antidiabetic drugs.
However, SUs are associated with a higher incidence of hypoglycemia and
weight gain, eventually necessitating transition to alternative agents or insulin
therapy. Sitagliptin supplementation in type 2 diabetes has demonstrated
sustained benefits in short-, medium-, and long-term biomarkers of metabolic
control, along with improvements in low-density lipoprotein cholesterol levels
and reduced insulin requirements. Patients aged between 30 and 60 years of both
sexes and those taking metformin only, with inadequate glycemic control
(HbAlc >7 and <10) were included in the study. Patients were diagnosed based
on their Fasting Blood Glucose (FBG) values and patients with above 126 mg/dl
and below 250 mg/dl were selected. Fifty patients were randomly assigned to
one of the two following groups: Group A: 50 subjects (On Metformin 500 mg
+ Glimepiride 1 mg), Group B: 50 subjects (On Metformin 500 mg + Sitagliptin
100 mg). Each patient was asked to visit the OP every 2 weeks for a period of 6
months for evaluation and to obtain medication supplies and also to report
adverse effects, if any. All patients were followed up for one month after the
study to monitor side effects. In this study, 54 patients were males and 46
patients were females, and from these patients, 42 were pre-hypertensive, 34
patients had family history of diabetes and 22 patients had obesity indicating
that T2DM may be associated with hypertension, genetic factors and obesity.
The mean reduction in FBG in group A was 39 mg/dl and in group B was
42mg/dl. The difference between the two groups was 3 mg/dl during 6 months
which was not significant (p>0.05).

The mean reduction in HbAlc was 1.3% in 6 months period. The difference
between the groups was 0.41% which was significant (p<0.05). The body
weight increased in group A with a mean increase of 1.7 kg (p>0.05) which was
not significant. In group B the body weight decreased with a mean change of
2.62 kg (p<0.05) with 6 months of therapy which was significant and the mean
BMI reduced with a mean change of 1.06 kg/m2 (p<0.05) which was also
significant. This indicates that metformin 500 mg + sitagliptin 100 mg reduced
the BMI. Overall adverse effects occurred in 17 (34%) patients in the group A
and in 8 (16%) patients in the group B. 9 patients complained of hypoglycemic
symptoms like palpitations and sweating. Among them, 8 (16%) patients
belonged to group A and 1 (2%) patient was from group B. No single case of
severe hypoglycemia with coma, alteration in mental state, hospitalization or
death was reported. Long-term blood glucose control (HbAlc) was better
achieved with metformin 500 mg + sitagliptin 100 mg.

INTRODUCTION

Diabetes, a metabolic disorder prevalent worldwide,
is responsible for millions of deaths each year.[M It is

characterized by elevated levels of glycated

hemoglobin  (HbAlc), indicating inadequate
glycemic control and an increased risk of
cardiovascular disease, nephropathy and
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retinopathy.[? Effective control of HbAlc levels in
patients with type 2 diabetes is crucial for optimizing
outcomes and preventing associated complications.F®!
The American Diabetes Association recommends
keeping HbA1c levels below 7.0% (53 mmol/mol) to
mitigate adverse health consequences.

As diabetes progresses, the need for combination
therapy often arises due to worsening glycemic
control.®! The treatment landscape for type 2 diabetes
mellitus (T2DM) has evolved with the introduction
of novel antidiabetic agents, including dipeptidyl
peptidase-4 inhibitors (DPP4i), sodium-glucose co-
transporter-2 inhibitors and glucagon-like peptide-1
(GLP-1), and more significantly with insulin
analogues.®”1 While DPP4i offers moderate efficacy
and a favorable safety profile, sulfonylureas,
particularly modern variants such as glimepiride,
have long been preferred as effective oral antidiabetic
agents due to their efficacy, safety and cost-
effectiveness, particularly as the first addition to
metformin in Indian clinical settings.l" 8l

Metformin and sulfonylureas (SU) are commonly
used oral antidiabetic drugs. However, SUs are
associated with a higher incidence of hypoglycemia
and weight gain, eventually necessitating transition to
alternative  agents or insulin  therapy.[
Sulfonylureas, including glimepiride, are commonly
used to control blood sugar levels but are associated
with side effects such as frequent hypoglycemia and
weight gain. Dipeptidyl peptidase-4 (DPP-4)
inhibitors, which are also incretin-based therapies,
have emerged as important adjunctive treatments for
type 2 DM, providing efficacy and tolerability when
added to metformin therapy.* They improve
endogenous incretin function and support glucose
homeostasis without increasing the risk of
hypoglycemia or weight gain.!*?

The addition of sitagliptin, a DPP-4 inhibitor, to the
treatment of patients with poorly controlled type 2
diabetes receiving insulin with or without metformin
has been shown to reduce HbAlc levels and reduce
(or) control the need for insulin therapy.[*® Sitagliptin
supplementation in type 2 diabetes has demonstrated
sustained benefits in short-, medium-, and long-term
biomarkers of metabolic control, along with
improvements in low-density lipoprotein cholesterol
levels and reduced insulin requirements.* Its
diverse effects, including anti-inflammatory effects
and modulation of monocytes and T lymphocytes,
suggest potential beyond glycemic reduction, with
additional benefits such as prevention of weight gain,
reduced insulin doses and improved cardiovascular
risk profiles.[t>16]

While sitagliptin has been compared with various
therapies, including pioglitazone, liraglutide,
dulaglutide, canagliflozin, glipizide, and glimepiride,
a direct comparison of sitagliptin with glimepiride,
particularly in the background of metformin
combination therapy, has not been widely
reported.l*”] Our study included patients diagnosed
with T2DM who were unable to achieve glycemic
control with metformin alone. They received

metformin + glimepiride or metformin + sitagliptin
according to the inclusion criteria.

MATERIALS AND METHODS

Study Design: This was a prospective, randomized,
open-label, interventional study.

Study  Location: Outpatient ~ Department,
Department of General Medicine, GGH, Guntur,
Andhra Pradesh.

Ethics Approval: The study received approval from
the Institutional Ethics Committee and informed
consent was obtained from all patients in the local
language before the study after a detailed explanation
of the study procedure. The entire procedure, benefits
and likely side effects of the drugs were explained to
the patients. The study was noninvasive. The drugs
used in the study were safe. They were not life-
threatening to the patient and did not pose any serious
adverse events and the patients were asked to stop
taking the medication immediately if any severe
allergic reaction to the medication occurred.
Duration of Study: The study lasted for over a
period of one year.

Sampling Method: Consecutive sampling method
was used for the study.

Sample size: The sample size was 100 patients who
met the study criteria (50 patients in each group).
Inclusion Criteria

Age between 30 and 60 years of both sexes and
patients taking metformin only, with inadequate
glycemic control (HbAlc >7 and <10). Patients were
diagnosed based on their FBG values and patients
with FBG above 126 mg/dl and below 250 mg/dI
were included in the study.

Exclusion Criteria

Patients with known hypersensitivity to either
metformin, glimepiride or sitagliptin, patients with
type 1 diabetes mellitus, diabetic ketoacidosis, who
have already taken these drugs, with blood pressure
> 140/90, participating in another study currently or
within the last 6 months, women who are pregnant,
breastfeeding or planning to become pregnant during
the proposed study period, patients with clinically
significant cardiovascular, hepatic, pulmonary,
neurological, renal or psychiatric disorders or
clinically significant laboratory abnormalities (if
laboratory values exceed established thresholds),
patients with a history or examination findings of
alcohol dependence, alcohol or drug abuse, or
suspected abuse were excluded from the study.
Group Allocation: Fifty patients in each group were
randomly assigned to one of the following
groups:[8171

Group A: 50 subjects (On Metformin 500 mg +
Glimepiride 1 mg)

Group B: 50 subjects (On Metformin 500 mg +
Sitagliptin 100 mg)

Dose: Group ”A” patients received 1 mg of
glimepiride along with 500 mg of metformin and
group “B” patients received 100 mg of sitagliptin
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along with 500 mg of metformin. Each patient was
asked to come to the OP every 2 weeks for a period
of 6 months for evaluation and to obtain medication
supplies and to report adverse effects, if any. At each
visit, the following data were collected from the
enrolled patients. All patients were followed up for
one month after the study to monitor side effects.[*”]

Parameters Studied: Physical examination (height,
weight, general BMI examination), laboratory tests
(FBG, HbALc) were done.

Statistical Analysis: The results of the study were
statistically analyzed at the end of 6 months using the
paired Student t-test and the significance of the
results was tested using a probability value of 0.05.

After applying the “t” test, the obtained t-value was
compared with the “t” value in the t-table at a
probability of 0.05 at 49° degrees of freedom to
evaluate whether the results are significant or not.

RESULTS

In this study, 54 patients were males and 46 patients
were females, and 42 patients were pre-hypertensive,
34 patients had family history of diabetes and 22
patients had obesity indicating that T2DM may be
associated with hypertension, genetic factors and
obesity.

Table 1: Age wise distribution in each group.

Age (yrs) Metformin + Glimepiride (Group A) Metformin + Sitagliptin (Group B)
41-45 9 13
46-50 14 11
51-55 12 14
56-60 15 12
Total 50 50

The numbers of patients were more in 56-60 years of age group.

Table 2: Gender wise distribution in each group

Sex Metformin + Glimepiride (Group A) Metformin + Sitagliptin (Group B) Total
Males 28(56%) 26(52%) 54(54%)
Females 22(44%) 24(48%) 46(46%)

Table 3: Metabolic Disorders

Metabolic Disorder Metformin + Glimepiride (Group A) Metformin + Sitagliptin (Group B) Total
Pre-hypertension 18(36%) 24(48%) 42(42%)
Family history of diabetes 18(36%) 16(32%) 34(34%)
Obesity 18(36%) 24(48%) 42(42%)
Table 4: Efficacy

Parameter Metformin + Glimepiride (Group A) Metformin + Sitagliptin (Group B

Before After p-value Before After p-value
FBG (mg/dI) 179.0£22.5 140 + 20.7 < 0.001 180.4+24.5 138.8+19.6 <0.001
HbAlc (%) 7.85+0.75 6.9+0.71 <0.001 7.9+0.89 6.59+0.6 <0.001
Bodyweight (Kg) 69.24+7.11 70.94+ 7.5 >0.05 69.92+8.04 67.3617.44 > 0.05
BMI (kg/m2) 27.9+2.95 28.29+ 3.0 > 0.05 28.66+ 3.31 27.6+3.14 <0.05

The mean reduction in FBG with metformin 500 mg
+ glimepiride 1 mg (Group A) was 39 mg/dl during
the 6 months of study period. In metformin 500 mg +
sitagliptin 100 mg (Group B), the mean reduction in
FBG during 6 months of study was 42 mg/dl. The
difference between the two groups was 3 mg/dl
during 6 months which was not significant (p>0.05).
The mean reduction in HbAlc was 1.3% in 6 months
period. The difference between both the groups was
0.41% which was significant (p<0.05).

The body weight increased in Group A with a mean
increase of 1.7 kg (p>0.05) which was not significant.
In Group B the body weight decreased with a mean
change of 2.62 (p<0.05) with 6 months of therapy
which was significant. This indicates that metformin
500 mg + sitagliptin 100 mg reduced bodyweight.

In Group A, the BMI increased with a mean change
of 0.4 kg/m2 (p>0.05) which was insignificant. In
Group B, the mean BMI decreased with a mean
change of 1.06 kg/m2 (p<0.05) which was
significant. This indicates that metformin 500 mg+
sitagliptin 100 mg decreased BMI.

Safety Results:
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Figure 2: Total treatment related adverse effects in each

group
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During the 6-month therapy, both the combinations
of drugs were well tolerated. Overall adverse effects
occurred in 17 (34%) patients in the metformin +
glimepiride group and 8 (16%) patients in the
metformin + sitagliptin group. 9 patients complained
of hypoglycemic symptoms like palpitations and
sweating. Among them, 8 (16%) patients belonged to
metformin + glimepiride group and 1(2%) patient
was from metformin + sitagliptin group. No single
case of severe hypoglycemia with coma, alteration in
mental state, hospitalization or death was reported. 9
(18%) patients complained of upper respiratory tract
infections and nasopharyngitis in metformin +
glimepiride group. 2 (4%) patients reported nausea &
headache and 5 (10%) patients complained of
dizziness in metformin + sitagliptin group. All
adverse effects were transient and patients were given
symptomatic treatment without any alteration in the
administration of the study treatment.

DISCUSSION

In this study, two drug combinations, namely
metformin + glimepiride and metformin + sitagliptin,
were selected because glimepiride and metformin are
low-cost drugs and are most commonly prescribed in
tertiary care hospitals. Although sitagliptin is more
expensive, some studies suggest it is safer and more
effective than glimepiride.l’81 They (metformin,
glimepiride) are also readily available. Glimepiride
has strong binding properties to the sulfonylurea
receptor 1 (SUR1), resulting in rapid association and
dissociation dynamics.®®! Beyond its primary action
on the pancreas, glimepiride exhibits extra pancreatic
activity, alleviating insulin resistance and increasing
glucose utilization via glucose transporter 4.1 This
dual mechanism of action provides effective blood
sugar control while minimizing the likelihood of
hypoglycemia or weight gain. In particular,
glimepiride exhibits increased selectivity for [-cell
SUR1 receptors, preserving the protective
mechanism  of ischemic  preconditioning.l*%
Randomized clinical trials have confirmed that
second- and third-generation  sulfonylureas,
including glimepiride, have no increased risk of all-
cause mortality, cardiovascular mortality, myocardial
infarction, or stroke. In addition, a meta-analysis
comparing sulfonylureas to non-sulfonylurea agents
found that glimepiride had the lowest overall
mortality rate among all sulfonylureas.?"]

Dipeptidyl peptidase-4 (DPP-4) inhibitors, which are
also incretin-based therapies, have emerged as
important adjunctive treatments for type 2 DM,
providing efficacy and tolerability when added to
metformin therapy.l*! They improve endogenous
incretin function and support glucose homeostasis
without increasing the risk of hypoglycemia or
weight gain.[*?

The addition of sitagliptin, a DPP-4 inhibitor, to the
treatment of patients with poorly controlled type 2
diabetes receiving insulin with or without metformin

has been shown to reduce HbAlc levels and reduce
(or) control the need for insulin therapy.[*® Sitagliptin
supplementation in type 2 diabetes has demonstrated
sustained benefits in short-, medium-, and long-term
biomarkers of metabolic control, along with
improvements in low-density lipoprotein cholesterol
levels and reduced insulin requirements.

The results of this study highlight the comparative
safety and effectiveness of combination therapies of
metformin with both sitagliptin and glimepiride.
Over a six-month period, both treatment regimens
resulted in significant reductions in fasting blood
glucose (FBG) levels in the 100 participants.
Importantly, these therapeutic interventions were
well tolerated and fewer adverse events were reported
in the metformin + sitagliptin group compared to the
metformin + glimepiride group. Notably, the
incidence of hypoglycemic symptoms was lower in
the sitagliptin group, indicating a superior safety
profile of this treatment modality. These results are
consistent with previous research, as reported by
Xiao, et al,?! which also observed a lower incidence
of symptomatic hypoglycemia and fewer side effects
in patients who received sitagliptin compared to those
who received glimepiride. Furthermore, the greater
reduction in body weight observed in the sitagliptin
group underlines the favorable safety profile
compared to glimepiride.

Furthermore, our study showed a more significant
decrease in HbAlc levels in the sitagliptin group
compared to the glimepiride group, which is
consistent with the results of studies by J Kesavadev,
et al.™] This suggests that sitagliptin provides better
glycemic control compared to glimepiride and may
reduce the risk of long-term complications associated
with poorly controlled diabetes. In contrast to some
previous studies that reported comparable safety
profiles and efficacy between glimepiride and
sitagliptin, our results indicate a clear discrepancy.

In particular, glimepiride was associated with a
higher incidence of adverse events and a less
pronounced reduction in HbAlc levels compared to
sitagliptin in our study. This discrepancy may be due
to differences in study design, patient demographics,
or duration of treatment, highlighting the need for
further investigation.

The results of this study support the preferred use of
metformin + sitagliptin as a treatment regimen for
patients with type 2 diabetes, providing superior
glycemic control, fewer side effects, and potential
benefits such as weight loss. However, additional
research, including large-scale clinical trials with
extended follow-up periods, is needed to validate
these results and elucidate the long-term effects of
these treatment modalities on diabetic complications
and patient outcomes. Such comprehensive
examinations will help to optimize therapeutic
strategies and improve quality.
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CONCLUSION

Long-term blood glucose control (HbA1c) was better
achieved with metformin + sitagliptin. Because
diabetes is a long term, chronic disease, metformin +
sitagliptin may be preferable to metformin +
Glimepiride.
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