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ABSTRACT

OBJECTIVE: This study aims to evaluate the efficacy and safety of the addition of 10 or 25 mg of empagliflozin to patients
with type 2 diabetes mellitus using a maximum tolerable dose of metformin and gliclazide.

METHODS: A total of 60 patients who had been receiving a maximum tolerable dose of metformin plus gliclazide. was
divided into two groups in this study. In the first group (Group 1, n=32), 10 mg empagliflozin was added to the current treat-
ment once a day, and in the second group (Group 2, n=28) 25 mg empagliflozin was added to the same treatment once a day.
Biochemical results, weight and blood pressure changes of the patients in both groups were evaluated before and after 12
weeks of empagliflozin addition. Patients who developed urinary tract and genital infections after treatment were recorded.

RESULTS: There was a statistically significant decrease in HbAlc in both groups after empagliflozin treatment (Group 1,
p<0.001 and Group2, p=0.001). When the lipid profile was evaluated, no significant difference was found between basal
and post-treatment parameters (p>0.05). Patients in Group 1 and Group 2 lost 2.6+1.2 and 3.8+2.0 kg of body weight,
respectively (p<0.0001 for each). There were also significant reductions in systolic and diastolic blood pressure for groups 1
and 2 (p<0.0001 for each). Although there was a numerical increase in the urinary tract and genital infections in both groups
after empagliflozin treatment, there was no statistically significant difference compared to the pre-treatment period (p>0.05).

CONCLUSION: Two doses of empagliflozin added to the present treatments showed a dose-independent improvement in
glycemic control and a neutral effect on lipid metabolism.
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Metformin is the classical first-line treatment to pro-
vide glycemic control in patients with type 2 dia-
betes mellitus (T2DM). However, metformin alone may
usually not sustain glycemic control for a long time [1],
and additional treatments are needed in most patients

(2]. Although they seem to be effective at first, sulfony-

lureas and oral hypoglycemic agents are difficult to tol-
erate due to the side effects [3]. Therefore, patients with
T2DM need effective and well-tolerated new antidiabetic
agents that can be used in combination with available
treatments to improve glycemic control, especially with-
out an additional risk of hypoglycemia and weight gain.
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Sodium-glucose cotransporter 2 inhibitors (SGLT2-I)
are a new class of drugs for the treatment of diabetes.
SGLT2-I reduces hyperglycemia rates in patients with
T2DM by diminishing renal glucose reabsorption and
thus increasing urinary glucose excretion [4]. SGLT2-I
can be used in combination with metformin, sulfonylurea
(SU), dipeptidyl peptidase 4 inhibitors (DPP-4), thiazo-
lidinediones (pioglitazone) or other antidiabetic agents,
including insulin [5-7]. Since they act independently of
insulin, the treatment can be used in appropriate patients
at any stage of diabetes. The American Diabetes Associ-
ation (ADA) and the European Association of Diabetes
Research (EASD) T2DM guidelines also recommend
SGLT2-I as one of the second-line treatment options [8].
Empagliflozin is a selective, potent sodium-glucose cotrans-
porter -2 inhibitor used in the treatment of T2DM and has
a >2500-fold affinity for SGLT-2 over SGLT-1 [9].

We, in this dose-comparison study, aimed to evalu-
ate the eflicacy and safety of two doses of empagliflozin
(10 and 25 mg) when added to ongoing oral antidiabetic
(metformin plus gliclazide) agents in patients with insuf-
ficient glycaemic control.

MATERIALS AND METHODS

Patient population

The ethics committee of Kartal Dr. Lutfi Kirdar Train-
ing and Research Hospital (date: 27.03.2019, number:
2019/514/150/24) approved the study protocol and the
trial was directed in accordance with the Declaration of
Helsinki.

In this study conducted between January 2018 and
December 2018, medical records of 60 patients aged >18
years old with T2DM receiving gliclazide (60 mg/day)
and metformin (2000 mg/day) and all of whom were
added empagliflozin to their current treatment, were ret-
rospectively evaluated. Study population were not on any
kind of antihyperlipidemic treatment and during the 12-
week period of the study, no dose or drug changes were
made in their present antihypertensive drugs.

Exclusion Criteria

1. Patients with the acute coronary syndrome, cere-
brovascular event, pregnancy, heart failure, chronic
liver disease, renal function test abnormality, preg-
nancy and cancer,

2. Patients on treatments which may impair glucose me-
tabolism, such as glucagon-like receptor agonist, an-

tiobesity drugs and systemic or local steroid therapy,

3. Patients with known or suspected alcohol addiction
and using narcotics or illegal drugs were excluded
from this study.

Of the included 60 patients, 32 patients were treated
with 10 mg/day of empagliflozin (group-1) and 28
subjects were administered 25 mg/day empagliflozin
(group-2) in addition to metformin plus gliclazide. Pa-
tients in both groups continued their strict diet regimen
and exercise programs. Fasting plasma glucose (FBG),
urea, creatinine, HbAlc, total cholesterol, low-density
lipoprotein cholesterol (LDL-cholesterol), high-density
lipoprotein cholesterol (HDL-cholesterol), and triglyc-
eride levels, estimated glomerular filtration rate (eGFR)
(according to the Modification of Diet in Renal Disease),
body weight, systolic (SBP) and diastolic blood pressure
(DBP) measurements were recorded before and 12 weeks
after empagliflozin treatment. Initial HbAlclevel of >7%
and <12% was allowed. Change in HbA1c and lipid pro-
file from onset to 12* week, in and between empagliflozin
treatment groups, was analyzed. This study also noted the
frequency of urogenital tract infections during the course
of empagliflozin treatment to detect safety issues.

Statistical Analysis

The characteristics of patients were evaluated with de-
scriptive analysis. Descriptive analyses were presented
using mean (£SD) or n (%), where appropriate. The
categorical data of Group 1 and Group 2 were analyzed
by Wilcoxon signed ranks test. Side effects, such as the
presence of urinary system and genital infections, were
evaluated with the use of McNemar test for Group 1 and
Group 2. Between group comparisons were done using
Mann-Whitney U test. The SPSS 23.0 version was used
to perform the entire statistical analyses (IBM Corp., Ar-
monk, NY, USA). A p-value under 0.05 was accepted as
statistically significant.

RESULTS

Baseline data

Sixty patients with T2DM (32 female, 28 male) were in-
cluded in this study. In Group 1, 13 patients were male
and 19 were female, the mean age was 53.16+8.8 years
and duration of diabetes was 15.4+7.1 years. In Group
2, 15 patients were male and 13 were female and the
mean age was 52.5+7.5 years, the duration of diabetes
was 14.616.8 years.
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TABLE 1. Clinical and demographic data in patients receiving empaglifiozin therapy in Group 1
Characteristic Baseline treatment Group 1 p
Mean age, years (SD) 53.16+8.8
Sex, male/female, (%) 13 (40.6%)/19 (59.4%)
Duration of diabetes, years (SD) 15.4£7.1
HbA, , % 10.3+£2.5 8.7£1.9 0.000
FPG, mg/dl (SD) 206.5+91.3 167.5+58.5 0.013
Creatinin, mg/d! (SD) 0.75+0.14 0.73+0.14 0.428
eGFR, mL/minper 1.73 m? (SD) 104.2+24.8 101.8+23.7 0.433
Total cholesterol, mg/dL (SD) 223.0+£54.3 199.8+51.6 0.082
LDL-cholesterol, mg/dL (SD) 126.0+46.1 118.3+£32.9 0.311
HDL-cholesterol, mg/dL (SD) 40.5+11.2 41.0+9.2 0.254
Triglyceride, mg/dL (SD) 295.0+206.4 236.8+125.5 0.150
Weight, kg (SD) 81.6+9.8 79.0+9.7 0.000
SBP, mmHg (SD) 136.2+8.2 129.3+4.9 0.000
DBP, mmHg (SD) 85.5+7.5 80.9+6.1 0.000
Urinary tract infection (%) 1/32 (%3.1) 2/32 (6.2) 0.985
Genital infection (%) 1/32 (%3.1) 3/32(9.3) 0.625

Baseline treatment: Metformin (2000 mg/day) plus glyclazide (60 mg/day); SD: Standard deviation; FPG: Fasting plasma glucose; eGFR: Estimated glomerular filtration
rate [using the Modification of Diet in Renal Disease (MDRD) equation]; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

Efficacy
a. Glycaemic Control

In the first group, pre-empagliflozin treatment mean
HbA1c was 10.3+£2.5%, whereas in the second group, it
was 9.6+1.7%. Both empagliflozin dose groups demon-
strated statistically significant decreases in HbA1lc from
baseline to 12" week. The mean HbA1lc decrease was
1.54+2.14% and 1.18+1.5% after treatment in the first
and second group, respectively (p<0.001 and p=0.001,
respectively) (Tables 1, 2). There was no statistically sig-
nificant difference in HbAlc decreases among patients
who used 10 and 25 mg of empagliflozin (p=0.935)
(Table 3). The decrement in FPG at 12* week was sig-
nificantly different from baseline treatments (Tables 1,
2). However, there was not a statistically significant dif-
ference in FPG among patients who used 10 and 25 mg

of empagliflozin (p=0.739) (Table 3) (Fig. 1).
b. Serum Lipids

Despite numerical differences from baseline in mean
plasma lipid levels, serum levels of total, LDL-choles-
terol, HDL-cholesterol and triglyceride did not show
any significant changes for both groups after 12-weeks
of empagliflozin treatment (p>0.05) (Tables 1, 2). There
was no statistically significant difference relevant to the

change in lipid parameters between patients who used 10

and 25 mg of empaglifosin, as well (p>0.05) (Table 3).
c. Blood Pressure

We observed statistically significant difference in systolic
and diastolic blood pressure measurements between the
beginning and 12 week of the empagliflozin treatment
(p<0.05) (Tables 1, 2). When both empagliflozin groups
were compared, there was a propensity of dose-depen-
dent decline in blood pressure (p<0.05). The decrease in
blood pressure in the 25 mg group of empagliflozin was
-9.6+7.5 mmHg (systolic) and — 6.7+4.6 mmHg (di-
astolic), while the decrease in the group-1 was -6.8+5.1
mmHg (systolic) and -4.6+4.0 mmHg (diastolic) (for
SBP p=0.032 and for DBP p<0.005) (Table 3, Fig. 2, 3).

d. Body Weight

In the twelfth week, we noted a loss in body weight from
baseline, with both low and high dose empagliflozin
groups (p<0.001, for each) (Tables 1, 2).

The body weight losses of Group 1 and Group 2 were
-2.6+1.2 and -3.8+2.0, respectively. When Group 1 and
Group 2 were compared according to the amount of weight
losses, there was a significant difference in support of the

group using 25 mg of empagliflozin (p=0.021) (Fig. 4).
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TABLE 2. Clinical and demographic data in patients receiving empagliflozin therapy in Group 2

Compared parameters Baseline treatment Group 2 p
Mean age, years (SD) 52.5+7.5

Sex male/female, (%) 13 (%59)/9 (41)

Duration of diabetes, years (SD) 14.6+6.8

HbA<, % (SD) 9.6+1.7 8.4+1.4 0.001
FPG, mg/dl (SD) 217.1+£75.5 180.3+50.4 0.006
Creatinin, mg/d| (SD) 0.76+0.10 0.80+0.11 0.088
eGFR, mL/minper 1.73 m? (SD) 102.4+16.2 97.3+20.5 0.185
Total cholesterol, mg/dL (SD) 211.9+£60.5 202.2+58.3 0.067
LDL-cholesterol, mg/dL (SD) 127.3+44.1 115.3+39.9 0.071
HDL-cholesterol, mg/dL (SD) 41.6+10.9 459+11.7 0.724
Triglyceride, mg/dL (SD) 208.9+140.9 206.1+145.8 0.820
Weight, kg (SD) 82.8+13.1 79.0+12.4 0.000
SBP, mmHg (SD) 137.2+8.6 127.6+5.0 0.000
DBP, mmHg (SD) 86.3+£7.7 79.6+6.0 0.000
Urinary tract infection (%) 1 (%3.5) 2 (%7.1) 0.778
Genital infection (%) 1 (%3.5) 2 (%7.1) 0.778

Baseline treatment: Metformin (2000 mg/day) plus glyclazide (60 mg/day); SD: Standard deviation; FPG: Fasting plasma glucose; eGFR: Estimated glomerular filtration
rate [using the Modification of Diet in Renal Disease (MDRD) equation]; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

TABLE 3. Comparison of pre and post added empaglifiozin
therapy differences in parameters between Group 1 and

Group 2
Compared parameters Change from p
baseline treatment
Group 1 Group 2
A HbAlc, % -1.54+2.14 -1.18+1.5 0.935
A FPG, mg/dl -39.0+94.1 -36.7+81.1 0.739
A Creatinine, mg/dl 0.01+£0.10 0.03+011 0.067

A eGFR, mL/min per 1.73 m?> -2.4+14.5
A Total cholesterol, mg/dL -23.1+£38.5

A LDL-cholesterol, mg/dL -7.6£36.0
A HDL-cholesterol, mg/dL 0.5+7.6
A Triglyceride, mg/dL -58.2+181.2
A Weight, kg -2.6+1.2
A SBP, mmHg -6.8+5.1
A DBP, mmHg -4.6+4.0

-5.1+17.6 0.068
-9.6+19.9 0.313
-12.0+21.2 0.299
4.2£79  0.267
-2.7+474 0.224
-3.8+2,0 0.021
-9.6+7.5 0.032
-6.7£4.6  0.005

FPG: Fasting plasma glucose; HbAlc: Glycosylated haemoglobin; eGFR: Esti-
mated glomerular filtration rate [using the Modification of Diet in Renal Disease
(MDRD) equation]; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

Safety and Adverse Events

Mean creatinine and eGFR decreased in both Group
1 (p=0.428 and p=0.433, respectively) and Group 2
(p=0.088 and p=0.185, respectively) (Tables 1, 2) after
empagliflozin treatment. There was not a significant dif-
ference in creatinine and eGFR decrease when the two
groups were compared (p=0.067 and p=0.068, respec-
tively). Although urogenital tract infections seem to be
numerically increased in both groups, there was no sta-
tistically significant difference in incidence between the

pre- and post-empagliflozin period (p>0.05) (Table 3).

DISCUSSION

The addition of both doses of empagliflozin as a third
treatment agent to patients with poorly controlled
T2DM receiving sulfonylureas plus metformin resulted
in a significant HbAlc decline and no adverse effects on
lipid parameters over 12 weeks. Our analysis revealed no
significant difference between patients treated with two
doses of empagliflozin.

In the study by Ferrannini et al. [10], a dose-depen-
dent decrement in Hbalc was observed after 12 weeks of
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FIGURE 1. Comparison of pre- and post empagliflozin in mean
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FIGURE 3. Comparison of pre- and post empagliflozin in mean
diastolic blood pressure (DBP) between Group 1 and Group 2.

treatment duration with empagliflozin. Patients receiv-
ing 10 mg Empagliflozin showed a 0.5%, while the group
on 25 mg empagliflozin showed a 0.6% of decrease. In
our study, we found a statistically significant decrease in
HbA1c levels in both dose groups compared to which
was achieved by ongoing treatment of metformin plus
gliclazide. Unexpectedly, HbAlc reduction was lower in
the group that used 25 mg empagliflozin compared to
the group of empagliflozin-10 mg. This might be attrib-
uted to the slightly higher level of baseline HbA1c in the

25 T
=.':
20
154
n- I
o
w0
10+ I'— -
5 -—
|
o — i
0 -
1 1
Group 1 Group 2
Groups

FIGURE 2. Comparison of pre- and post empagliflozin in mean
systolic blood pressure (SBP) between Group 1 and Group 2.
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FIGURE 4. Comparison of pre- and post empagliflozin in
mean weight loss between Group 1 and Group 2.

empagliflozin-10 mg group than that of the group using
25 mg of empagliflozin.

Several trials have addressed the potential role of em-
pagliflozin on lipid metabolism and most ended up with
a negative effect [11-13]. Briand et al. [14] reported
that empagliflozin moderately increased LDL choles-
terol levels, ketone production and energy metabolism
from carbohydrate to lipid use. Despite the existing ev-
idence, in the present study, no significant change was
documented in lipid profiles between the pre and post
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addition of the empagliflozin to the groups. A possible
explanation could be the neutralization of the negative
effect on the lipid profile via the positive effect in terms
of Hbalc decrease which then, improved lipid metab-
olism given that the HbAlc decrease in our study is

much more than the reported in many previous studies
in the literature [10, 15].

Weight loss is an additional treatment target for most
patients with T2DM and may increase adherence to
treatment [16]. The potential loss of calories through
urinary glucose excretion and the resulting decrease in
body weight is a prominent characteristic of SGLT?2 in-
hibitors [15]. Unexpectedly, Rosenstock et al., in their
study comparing 10 and 25 mg of empagliflozin, stated
that 10 mg of empagliflozin was more likely than the
25 mg of the drug to achieve weight loss [15]. It turns
out that, in our study, although a significant loss in body
weight was reached with both doses, high-dose em-
pagliflozin seems to be a reasonable option, particularly
for Type 2 DM patients in whom there appears to be a

goal of more weight loss.

In our study, a statistically significant decrease in sys-
tolic and diastolic blood pressure at both doses is an indi-
cator that empagliflozin acts as an antihypertensive agent
with osmotic diuresis potential. The impact of SGLT2
inhibitors on the renin-angiotensin-aldosterone system
is another possible way to take into account [15].

From the point of side effects, in the meta-analysis by
Dai et al,, the authors reported a significant increase in
urogenital tract infections in patients with T2DM [17].
In our study, the number of the urinary tract and genital
infections increased with the addition of both 10 mgand
25 mg of empaglifozin to the baseline treatment, but it
was not found to be statistically significant.

The short follow-up duration of 12 weeks and a small
sample size are among the potential limitations of this
study. Selection bias might be another limitation of the
study given the retrospective nature. Lastly, although no
agent-dose change had been made in the antihyperten-
sive drugs utilized by the patients, the usage of different
agents is regarded as a limitation.

Conclusion

In this study investigating the two doses of empagliflozin
added to metformin plus gliclazide therapy in patients
with T2DM, we documented a dose-independent im-
provement on glycaemic control, the neutral effect on
lipid metabolism and statistically insignificant side effect

development. Empagliflozin was revealed to be a promis-
ing therapy concerning efficacy and tolerability in a daily
practice population of T2DM.
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