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Abstract: Diabetes mellitus is a multifaceted metabolic disorder, which often required frequent blood glucose
monitoring, poly-pharmacy and timely adjustments for its management. The present study focuses to check the
effectiveness of empagliflozin add-on therapy in diabetic patients already taking metformin and glimepiride. This was
observational, comparative and follow-up cohort study, conducted in a tertiary care hospital of Pakistan. Ninety subjects
were enrolled and evenly distributed in Group A (patients on oral therapy of Metformin & Glimepiride) and Group B
(patients on oral therapy of metformin, glimepiride and empagliflozin) randomly. The results showed that the addition of
empagliflozin to metformin and glimepiride standard therapy provided better control over blood sugar with a significant
decrease in HbAlc (16.1% decrease in HbAlc for Group B patients against 8.2% in Group A patients), FBS (23.8%
decrease as compared to 14.6% decrease) and BMI (1.5% decrease in Group B patients against 0.06% increase in Group
A). The addition of empagliflozin did not exacerbate the toxicity of the existing regimen and is safe to be included in
multiple drug regimens. Empagliflozin addition to standard antidiabetic therapy might possess beneficial impacts in

managing poorly controlled Type-2 Diabetes Mellitus in the Pakistani population.
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INTRODUCTION

The American Diabetic Association defines diabetes
mellitus as the cluster of metabolic disturbances
manifested by increased glucose in the blood due to
problems in either release of insulin or resistance to
insulin (Mellitus 2006) (Bamashmoos and Ganem 2013).
In Pakistan, it is revealed that the prevalence of
prediabetes was 11% and the population with a confirmed
diagnosis of Type-2 diabetes mellitus was 17%. The
prevalence was found to be maximum in 51-60 years
(26%)), illiterate (18%), obese (35%), familial (31%) and
female gender (18%) (Aamir et al. 2019).

The main objective for controlling siabetes mellitus is to
reduce the symptoms and increase the quality of life
(Donald et al. 2013). However, it is difficult to achieve
these goals with Type-1 Diabetes Mellitus because of its
total dependency on insulin. Whereas, the symptoms of
Type-2 diabetes mellitus can easily be prevented and
controlled by both pharmacological and non-
pharmacological intervention. The management generally
begins with modulating diet and weight. These changes in
daily routine may sometimes is ineffective and stresses
the need to take medicines to decrease the plasma glucose
concentration (Daubenmier et al. 2012).

*Corresponding author: e-mail: a_shadab@uok.edu.pk

Many natural and synthetic oral antidiabetic agents
control the blood sugar level through different
mechanisms. The different oral antidiabetics are classified
into the following categories (a) secretagogues;
sulfonylureas and non-sulfonylureas (e.g. glipizide,
glyburide, glimepiride and gliclazide) (b) sensitizers;
biguanides (e.g. metformin) and thiazolidinediones (e.g.
rosiglitazone) (c) alpha-glycosidase inhibitors (e.g.
acarbose and miglitol) (d) incretin mimetics; glucagon-
like peptide (GLP) analogues (e.g. exenatide), dipeptidyl
peptidase-4 inhibitor (e.g. sitagliptin) (e) glucosurics;
gliflozins (e.g. empagliflozin) (Chu et al. 2019).

Empagliflozin belongs to the newer class of antidiabetic
drugs known as glucosurics. The mode of action involves
blocking the major transporter, i.e., Sodium-glucose co-
transporter 2 in the proximal kidney tubules causing re-
absorption of glucose (Dziadkowiec et al. 2021). The
daily dose recommendation is 10mg, which may be
increased up to 25mg. The American Diabetic
Association recommends empagliflozin as a second-line
option, against Type-2 diabetes mellitus, after metformin
in subjects with cardiac failure and chronic renal disease
(Davies et al. 2018). It is considered as a second agent in
cases where metformin use alone failed to maintain
optimal glucose levels (Garber et al., 2019). Another
study revealed that the addition of empagliflozin to
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existing therapy involving metformin and sulfonylurea
resulted in a better clinical outcome than increasing the
dose of original medicines (Shin et al., 2020).

The objective of the study was to assess the effectiveness
and safety of empagliflozin as add-on therapy in Type-2
diabetes mellitus patients with inadequate blood glucose
control against standard therapy. According to our
research & knowledge, this is the first study on diabetes
treatment focusing on empagliflozin add-on therapy in the
Pakistani population.

MATERIALS AND METHODS

Study design
The current study was an observational, comparative and
follow-up cohort study.

Study settings

The study was conducted in tertiary care, a private sector
non-teaching hospital based in Karachi, Pakistan. The
hospital is located in the North district of Karachi with
ISO 2010 standard certification.

Study duration
The study was carried out over six months i.e., from
January 2020 until June 2020.

Inclusion criteria

Subjects (both genders with informed signed consent)
with uncontrolled Type-2 diabetes mellitus having
HBA1c>7% already on stable doses of metformin
(1500mg/day) and glimepiride (3mg/day) along with a
control diet and exercise for>12 weeks were eligible in
this study. Patients with BMI>20kg/m? were eligible.

Exclusion criteria

Exclusion criteria include patients with uncontrolled
diabetes, Type-1 diabetes, on insulin therapy, acute
coronary syndrome (ACS), stroke, or heart attack within
12 weeks of consent or any type of cancer. Patients on
any proven renal (estimated eGFR>30ml/min/1.73) or
hepatic disease, including Hepatitis or chronic kidney
disease, history of any surgery or plan within six months.
Alcoholic, pregnant, or lactating females, women with
pregnancy planning within the study period and history of
weight loss medicines usage within three months of
consent.

Method

The sample size was calculated using an online calculator
(Raosoft 2021). The sample size required to identify a
statistically significant result with a confidence level of
95% and a narrow margin of error of 0.05, should be 45
patients per group. No medical or surgical intervention
was done in this study. The medicinal agents used in the
study were already well-known in the market and are
commonly prescribed for the treatment of Type-2 diabetes
mellitus patients.

A total of 90 patients were selected for the 16 weeks
study fulfilling the above defined inclusion criteria.
Patients were randomly assigned into two Groups, A and
B, with 45 patients each. Group A patients continuously
received Metformin (1500mg/day) and Glimepiride
(3mg/day) in specified doses; however, Group B patients
had received Empagliflozin 10mg/day additionally along
with  Metformin  (1500mg/day) and Glimepiride
(3mg/day). Before the commencement of the study, all
required Dbaseline demographic parameters were
established through physical and biochemical tests. All
other medicine doses for co-morbidities in patients will
remain the same.

Study outcomes

The outcomes measured among both study groups were a
comparison of baseline changes in HbAlc level, baseline
changes in body mass index (BMI), baseline changes in
waist circumference (WC) and baseline changes in fasting
blood sugar levels (FBS).

Ethical approval

The study was approved by the ethical review committee
of the hospital (Ethical Approval # ZM/CG-IRNo0.07-20).
The study was conducted according to the International
Conference on Harmonization Harmonized Tripartite
Guideline for good clinical practice and the Helsinki
declaration (Dixon 1999).

STATISTICAL ANALYSIS

The data is presented as Mean + Standard deviation (SD)
of n=45/group. Nominal quantitative variables were
analyzed by using the Fisher-exact test. Continuous
variables were analyzed using a two-tailed unpaired t-test
for parametric variables. A p-value of less than 0.05 was
considered to be statistically significant. Statistical
analysis was performed using IBM SPSS version 20
software.

RESULTS

As per the study protocol, the Group A patients (n=45)
were initiated on Metformin and Glimepiride combination
therapy while Group B patients (n=45) were initiated on
combination therapy of empagliflozin, metformin and
glimepiride. No significant statistical difference was
observed for the demographic characteristics; age (50.8
years vs. 50.6 years; P<0.05), gender (female patients;
49% vs 56%; P<0.05) and weight (78.8 kg vs. 80.1 kg;
P<0.05) of patients among both study groups. The
comparison of different demographic characteristics is
summarized in tablel.

The MeantSD values of different parameters of both
treatment groups are summarized in table 2. For the
HbAlc outcome parameter, a 16.1% decrease with a
mean difference of -1.4 % was observed for Group B
patients compared to an 8.2% decrease with a mean
difference of 0.7% for Group A patients. On comparing
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both treatment groups, a statistically significant decrease
was observed for Group B patients as compared to Group
A patients (7.9+£0.14 vs 7.3£0.18; P-value= <0.05) at 16
weeks intervals as presented in fig. 1 (Graph-A).

For the FBS outcome parameter, a 23.8% decrease with a
mean difference of -50.3mg/dl was observed for Group B
patients compared to 14.6% decrease with mean
difference -30.7mg/dl for Group A patients. On
comparing both treatment groups, a statistically
significant decrease was observed for Group B patients as
compared to Group A patients (179.6£6.48 vs
161.5£6.13; P-value=<0.05) at 16 weeks intervals as
presented in fig. 1 (Graph-B).

For the BMI index outcome parameter, a 1.5% decrease
with a mean difference of -0.470kg/m* was observed for
Group B patients compared to a 0.06% increase with a
mean difference +0.020kg/m” for Group A patients. On
comparing both treatment groups, a statistically
significant decrease was observed for Group B patients as
compared to Group A patients (31.58+0.64 vs
30.98+0.34; P-value=<0.05) at 16 weeks intervals as
presented in fig. 1 (Graph-C).

For the waist circumference parameter, a 1.6% decrease
with a mean difference of -1.40cm was observed for
Group B patients compared to a 0.2% increase with a
mean difference of +0.220cm for Group A patients. On
comparing both treatment groups, a statistically
significant decrease was observed for Group B patients as
compared to Group A patients (92.46+1.04 vs
90.56+1.36; P-value=<0.05) at 16 weeks intervals as
presented in fig. 1 (Graph-D).

DISCUSSION

Diabetes Mellitus is a composite metabolic ailment,
which often requires poly-pharmacy and timely decisions
for its management. Type-2 diabetes mellitus patients
often require a second additional antidiabetic drug when
unable to achieve sufficient glycemic levels with standard
therapies like metformin with or without sulphonyl urea
(Association 2019). The present study was intended to see
the effectiveness of empagliflozin as an add-on medicine
in Pakistani patients. The current study showed that the
addition of empagliflozin to standard combination
therapy, including metformin along with sulphonylurea
(glimepiride), provided a significant decrease in HbAlc,
FBS, BMI & WC, which was superior to findings in the
treatment group A (patients initiated on dual therapy of
metformin & glimepiride). In the current study, the
demographic and baseline attributes of the subjects in
both groups resemble each other (table 1). Therefore, the
possibility of start point variations is ruled out as a
contributing factor in defining the study outcomes.

Adequate glycemic control is mandatory in managing
diabetic complications. The HbAlc concentration
indicates a measure of glycemic control in Type-2
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Diabetes Mellitus patients for the past two to three
months. Other than the average HbAlc level, changes in
its levels and HbAlc at different disease stages can give
valuable information to the physician during
investigations of diabetic complications and its relation
with raised HBAIc levels (Lind et al. 2009). The current
study’s data observed that the addition of empagliflozin to
standard combination therapy of metformin and
glimepiride effectively decreased HbAlc levels from
baseline, i.e., a 16.1% decrease with a mean difference of
-1.4 % was observed for Group B patients compared to an
8.2% decrease with a mean difference of 0.7% for Group
A patients.

Although the best measure for evaluation of glycemic
control in normal circumstances is still HbAlc. However,
with limited resources, especially in poor, remote areas
and in conditions where constraints apply for its use, FBS
and RBS are alternative measures generally used to screen
and monitor efficient glycemic control in diabetic patients
(Swetha 2014). The findings of the current study revealed
that empagliflozin addition significantly decreased FBS in
Group B compared to Group A. The analysis of initial and
final readings of treatment groups indicated the
supremacy of treatment Group-B patients as there is a
23.8% decrease with a mean difference of -50.3mg/dl was
observed for Group B patients compared to 14.6%
decrease with mean difference -30.7mg/dl for Group A
patients.

In agreement with previous studies, it was found that
empagliflozin addition to pioglitazone with or without
metformin (Kovacs et al., 2015), linagliptin (Sefteland et
al.,  2017), biguanides, thiazolidinedione, alpha-
glucosidase, DPP-4 inhibitors (Subrahmanyan et al. 2021)
and GLP analogues (Terauchi et al. 2019) led to better
control of glycosylated haemoglobin. Furthermore, our
data also aligned with the current recommendation for
incorporating empagliflozin as add-on therapy, i.e., “In
case of metformin failure as a single agent or with insulin
causing hypoglycemia” (Fitchett et al.. 2019; Home 2019;
Schwaiger et al.. 2019).

In this study, comparisons of bodily indicators suggest a
statistically significant reduction in average waist
measurement and average BMI in treatment Group B
patients as compared to Group A patients. The analysis of
initial and final findings of treatment groups indicate the
advantage of therapy in Group B patients as there is a
1.6% and 1.5% overall decrease in waist circumference
and BMI against 0.2% and 0.06% increase in group A
patients, respectively. Overweight, diabetic patients have
an increased risk of cardiovascular events due to raised
insulin resistance; therefore, management is complicated.
Hence, achieving optimum control of body weight and
insulin resistance is more challenging for patients
maintained on antidiabetic medicines causing significant
weight gain (Manrique-Acevedo et al., 2020).

Drug safety, along with efficacy, is one of the critical
factors modulating the prescriber’s decision. Hence,
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Table 1: Demographic characteristics of enrolled patients

Characteristics Grogp A (n':45)' . . 'Group B (nﬂ.‘s) . .
(Metformin + Glimepiride) (Empagliflozin + Metformin + Glimepiride) P-value
Age (years) 50.8 +8.4 50.6 +9.4 0.92
Male patients 23 (51.1%) 20 (44.4%) 0.67
Female patients 22 (48.9%) 25 (55.6%)
Smokers (yes) 6 (13.3%) 7 (15.6%) 0.98
Creatinine (mg/dl) 0.88 +0.11 0.9+0.14 0.45
Creatinine clearance (ml/min) 98.93 +13.8 99.76 = 15.9 0.79
Family history of T2DM 26 (57.8%) 24 (53.2%) 0.83
Hypertension 25 (55.6%) 28 (62.2% 0.67
Dyslipidemia 29 (64.4%) 25 (55.7%) 0.52
Time of diagnoses of T2DM
Less Than 1 year 1(2.2%) 2 (4.4%)
2- 5 years 8 (17.8%) 7 (15.6%)
5-10 years 23 (51.1%) 20 (4.4%)
>10 years 13 (28.9%) 16 (35.6%)

Where; continuous variables are expressed as Mean + Standard Deviation, T2DM= Type 2 Diabetes Mellitus.

Table 2: Estimation of different outcome parameters at different time intervals

Treatment Group A Treatment Group B
Parameter Baseline |After 16 weeks|, . Baseline |After 16 weeks|, .
(MeantSD)| (Mean£SD) % Outcome|Mean Difference (Mean+SD)| (Mean+SD) % Outcome|Mean Difference
HbAlc (%) | 8.6+0.16 7.9+0.14 8.2%] -0.7+0.032 8.7+0.17 7.3+0.18 16.1%] -1.4+0.037
FBS (mg/dl) |210.30+5.85| 179.60+6.48 14.6%)] -30.7+£1.301 [211.8+5.67| 161.5+6.13 23.8%)] -50.3£1.245
BMI (Kg/m?)| 31.56£0.71 | 31.58 +0.64 | 0.06%7 | +0.020+0.142 |31.45+£0.50| 30.98+0.34 1.5%)] -0.470+0.090
Waist (cm) | 92.24+1.04 | 92.46 £+ 1.04 0.2%1 +0.220+0.219 |91.96+1.21| 90.56+1.36 1.6%| -1.40+0.271
Whereas; |= decrease, {=increase, SD= Standard Deviation
A) B) C) D)
e Group A
- Greup & - Graup 8 CroipB
a.5 = & Graup € % 220 ns & Group B .8 s i @ Group i
b ‘g 20 é\ -31:6 ------ 94 > Group B
= 85 iﬁ\"‘k' g W \\ _ T 4 - " 3 L "
: g 2 1m0 N : . E .- -
= 80 \\"f g 180 \\\ ~J S A2 \‘\\ = 92 T
T 75 T 5? 170 \\: = 30 e o " \\\
7.0 2 2 e @ a0m = a0 ’
6.5 | I & 150 r vJ 30.6
Baseline 16 Weeks Bascling, 10 Weeks Baseline 16 Woeks o ta 16 Weeks
TIME INTERWVAL TIME INTERVAL

TIME INTERVAL TIME INTERVAL

Where; (A) represents comparison of mean HbAlc levels among both treatment groups at baseline and 16 weeks interval (B) represents comparison
of Mean FBS levels among both treatment groups at baseline and 16 weeks interval (C) represents comparison of Mean BMI values among both
treatment groups at baseline and 16 weeks interval (D) represents comparison of Mean Body Waist values among both treatment groups at baseline
and 16 weeks interval; ns=P-value>0.05, ****=P-value<0.05.

Fig. 1: Comparison of different outcome parameters among both treatment Groups at Baseline and 16 weeks interval.

several indicators of toxicities were also observed in the
present study. It was observed that both groups were
comparable to each other in terms of observed adverse
drug reactions like hypoglycemia, urinary tract infection,
genital infection, nausea and vomiting.

Enhanced genital infections were also reported to be
frequently associated with the use of empagliflozin (Kim
et al. 2014). On the contrary, our data didn’t indicate any
such outcome in the treatment group. The hygienic
practices in this world can also be attributed to this
outcome. However, it requires further investigation for
clarification.

The antidiabetic drug that causes hypoglycemia shows a
safety risk factor in patients of Type-2 Diabetes Mellitus
and may cause problems in treatment adherence and
patient compliance (Barnett et al. 2010). The findings of
the current study indicated no remarkable incidence of
severe hypoglycemia in both treatment groups.

The current study is relatively small in duration with
limited parameters and a number of patients; therefore,
few limitations were observed. The effects and outcomes
of empagliflozin for the long-term management of Type-2
diabetes mellitus patients with cardiovascular and renal
insufficiency were not analyzed. A double-blind, placebo-
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controlled, multi-center study with an increased number
of patients can better explain the benefits and
disadvantages of this add-on therapy.

CONCLUSION

In conclusion, the present study supports empagliflozin
use as add-on therapy in Type-2 diabetes mellitus
patients, causing significant improvement in HbAlc and
blood glucose levels along with positive impacts on BMI
and body waist. Moreover, its addition to the existing
regimen did not cause an increase in adverse effects.
Therefore, it is concluded that empagliflozin, in addition
to standard antidiabetes therapy, might have beneficial
impacts in managing Type-2 Diabetes Mellitus in the
Pakistani population.
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