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ABSTRACT

Introduction: Empagliflozin is a new, emerging
oral hypoglycemic agent (OHA) which has
shown significant benefits in type 2 diabetes
mellitus (T2DM) patients with cardiovascular
disease. In this analysis, our aim was to sys-
tematically compare the adverse drug events
(ADEs) associated with a low (10 mg) versus a
high (25 mg) dose of empagliflozin as (1)
monotherapy, (2) as an add-on to other OHAs,
and (3) as an add-on specifically to metformin,
in patients who were treated for T2DM.

Enhanced content To view enhanced content for this
article go to https://doi.org/10.6084/m9.figshare.
5925157.
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Methods: This was a systematic review and
meta-analysis of randomized controlled trials
that compared empagliflozin 10 mg versus
25 mg in patients who were treated for T2DM
and which reported adverse drug reactions as
their clinical endpoints. Statistical analysis was
carried out using the latest version of the Rev-
Man software (ver. 5.3) whereby odds ratios
(OR) and 95% confidence intervals (CI) were
generated.

Results: Eight trials with a total number of
8514 patients treated for T2DM were included
in this meta-analysis and systematic review, of
whom 4261 patients received 10 mg empagli-
flozin and 4253 patients received 25 mg empa-
gliflozin. Our results showed that there were no
significant differences between the patients
with T2DM receiving 10 empagliflozin and
those receiving 25 mg empagliflozin in terms of
drug-related adverse effects (OR 1.06, 95% CI
0.93-1.21; P =0.40, I? = 0%), adverse events
leading to drug discontinuation (OR 0.99, 95%
CI 0.86-1.14; P =0.87, I* = 0%), and serious
adverse events (OR 1.06, 95% CI 0.95-1.18;
P =0.31, I* = 0%) when empagliflozin was pro-
vided as monotherapy or as an add-on to other
anti-diabetic medications. The same results
were obtained when empagliflozin was used as
an add-on to metformin or as monotherapy.
The duration of the follow-up periods did not
affect the results. However, the incidence of
genital and urinary tract infections (UTIs) was
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significantly higher in female patients than in
male patients with 10 or 25 mg empagliflozin.
Conclusions: The incidence of ADEs was not
significantly different in T2DM patients receiv-
ing 10 wversus 25mg empagliflozin as
monotherapy or as add-on to metformin or
other anti-diabetic drugs during a shorter or
longer follow-up period. However, genital and
UTIs were more common in female patients
with T2DM irrespective of empagliflozin
dosage.

Keywords: Adverse drug events; Empagliflozin;
Hypoglycemia; Oral hypoglycemic agents; Type
2 diabetes mellitus; Urinary tract infections

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is remains a
disease which affects a major population of
patients around the globe, but 2017-2018 is the
beginning of a new era in which several newer
oral hypoglycemic agents (OHAs) are expected
to replace previously/currently used ones.
However, further research is still required to
elaborate and assess the advantages and disad-
vantages as well as the correct dosage of these
new drugs. A systematic review and meta-anal-
ysis of patients with T2DM which compared
treatment with 100 versus 30 mg canagliflozin,
an oral medication for T2DM that helps the
body excrete glucose via the urine, showed that
there was no significant difference in terms of
adverse drug events (ADEs) between the two
different dosages of drug [1]. However, this
clinically new notion should be examined with
other newer OHAs.

Empagliflozin is a new, emerging OHA
which has shown to have significant benefits in
T2DM patients with cardiovascular disease [2].
The EMPA-HEART trial is an on-going study
which is currently investigating the impact of
empagliflozin on subclinical left ventricular
dysfunctions and on the mechanisms which are
involved in myocardial disease progression in
patients with T2DM [3]. The EMBLEM trial is
another multicenter, placebo-controlled, dou-
ble-blind randomized trial which is still evalu-
ating the effect of empagliflozin on endothelial

function [4]. The results of these new trials are
still under investigation. However, the adverse
drug reactions of patients treated for T2DM
with different dosages of empagliflozin have
seldom been systematically compared in
studies.

The aim of the analysis reported here was to
systematically compare the ADEs that occurred
in patients treated for T2DM with a low (10 mg)
versus high (25 mg) dose of empagliflozin as (1)
monotherapy, (2) as an add-on to other OHAs,
and (3) as an add-on specifically to metformin.

METHODS

Search Strategy

The first step in our meta-analysis and system-
atic review was to search the MEDLINE (in-
cluding PubMed), EMBASE (http://www.
sciencedirect.com), Cochrane library, the Clin-
icalTrials.gov registry (http://www.clinicaltrials.
gov), and Google Scholar databases for relevant
articles using the following search terms ‘em-
pagliflozin’, ‘empagliflozin and diabetes melli-
tus’, ‘empagliflozin 10 verus 25 mg’, and
‘empagliflozin and type 2 diabetes mellitus’.
Our search strategy was limited to English lan-
guage publications and involved only human
participants. The reference lists of articles
assessed to be suitable for inclusion were also
searched for relevant articles.

Inclusion and Exclusion Criteria

Studies were eligible for inclusion in the meta-
analysis and systematic review if they met the
following criteria: (1) exclusively a randomized
controlled trial; (2) treatment with empagli-
flozin 10 versus 25 mg was compared in patients
with T2DM; (3) events of interest were reported
in the publication; (4) the follow-up period was
> 12 weeks.

Studies were excluded if: (1) they were not a
randomized controlled trial; (2) they did not
compare treatment with empagliflozin 10 ver-
sus 25 mg in patients with T2DM ; (3) events of
interest were not reported in the trial; (4) they
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were duplicated studies; (5) they were pooled
analyses of trials; (6) the follow-up period was <
12 weeks.

Endpoints and Follow-Up Periods

Seven endpoints were assessed (for details see

Table 1):

e drug-related adverse effects

e adverse events leading to drug
discontinuation

e serious adverse events (any severe adverse
event requiring assistance)

e death (due to ADEs)

e hypoglycemia  (blood  glucose level
of < 70 mg/dL or < 3.9 mmol/L)

e urinary tract infections (UTIs): which were
defined as infections of the urinary passage
(upper and lower urinary tracts)

e genital infections: which were defined as
infections of the genitalia especially on the
external part
A short-term follow-up period of < 52 weeks

and a longer follow-up period of > 52 weeks

were considered relevant to this analysis.

Data Extraction and Quality Assessment

Data were extracted by five reviewers (XD, ZL,

LZ, WZ and FH). The following data were

extracted:

e type of study (priority was given to random-

ized controlled trials)

names of first author

year of publication

time of patients’ enrollment

total number of patients who were treated

with 10 and 25mg empagliflozin,

respectively

e other anti-diabetic medications which were

used

duration of T2DM

length of follow-up periods

reported ADEs

total number of male and female patients

with UTIs

e range of glycated hemoglobin (HbAlc) in
patients

¢ baseline features of participants in the trials

Table 1 Studies included in the meta-analysis and sys-
tematic review with outcomes and follow-up periods

Trials Outcomes Follow-
(first up
author) periods
Araki et al. Drugrelated adverse effects, 52 weeks
[7] adverse events leading to drug
discontinuation, serious
adverse events, death,
hypoglycemia, UTIs, genital
infections
Ferrannini  Drug-related adverse effects, 78 weeks
et al. [8] serious adverse events, adverse
events leading to drug
discontinuation,
hypoglycemia, UTIs, genital
infections
Haring Drug-related adverse effects, 24 weeks
et al. [9] adverse events leading to drug
discontinuation, serious
adverse events, death,
hypoglycemia, UTTs, genital
infections
Kadowaki  Drug-related adverse effects, 52 weeks
et al. adverse events leading to drug
[10] discontinuation, serious
adverse events, death,
hypoglycemia, UTIs, genital
infections
Roden Drug-related adverse effects, 24 weeks
et al. adverse events leading to drug
[11] discontinuation, serious
adverse events, death,
hypoglycemia, UTIs, genital
infections
Softeland Drug-related adverse effects, 24 weeks
et al. adverse events leading to drug
[12] discontinuation, serious

adverse events, death,
hypoglycemia, UTTs, genital

infections
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Table 1 continued

Trials Outcomes Follow-
(first up
author) periods
Takkanen  Drug-related adverse effects, 12 weeks
et al. adverse events leading to drug
[13] discontinuation, serious
adverse events, death,
hypoglycemia, UTTs, genital
infections
Zinman Drug-related adverse effects, 3.1 years
et al. adverse events leading to drug
[14] discontinuation, serious

adverse events, death,
hypoglycemia, UTTs, genital

infections

UTIs Urinary tract infections

o methodological qualities of the trials.

The PRISMA reporting guideline was fol-
lowed [5].

Quality assessment was carried out with ref-
erence to the features reported by the Cochrane
Collaboration [6]. Grades (A-E) were given to
each trial based on their methodological qual-
ity, with grade A suggesting very low risk of bias
and grade E suggesting a high risk of bias.

Statistical Analysis

Statistical analysis was carried out by the latest
version of the RevMan version 5.3 software
(Cochrane  Collaboration, London, UK)
whereby odds ratios (OR) and 95% confidence
intervals (CI) were generated.

Heterogeneity was assessed by two statistical
methods: (1) the Q statistical test, whereby a
P value of < 0.05 was considered to be statisti-
cally significant; (2) the P statistical test
whereby the larger the value of I?, the higher
the heterogeneity.

Two statistical models were used: (1) a fixed
effects model (if * was < 50%); (2) a random
effects model (if IZ was > 50%).

A sensitivity analysis was also carried out,
whereby each trial was excluded from the main

analysis, one by one, and a new analysis was
carried out each time to observe any significant
difference compared to the main results.

This analysis included a small volume of
trials (< 10). Therefore, publication bias was
assessed only by visually observing the funnel
plots which were generated from the Revman
software. Other methods to assess publication
bias would be inappropriate with this small
volume of studies.

Compliance with Ethics Guidelines

This meta-analysis is based on previously con-
ducted studies and does not contain any studies
with human participants or animals performed
by any of the authors. Hence, ethical approval
was not required.

RESULTS

Searched Outcomes

Our initial search of the five databases using the
chosen search items identified 1146 articles. A
first selection of these 1146 articles based on the
titles and abstracts resulted in the elimination
of 985 articles. The full text of the remaining
181 articles was assessed for eligibility, and 173
of these were eliminated for not satistying the
inclusion criteria as follows: non-randomized
controlled trials (n = 112); did not compare 10
versus 25 mg empagliflozin (n=135); did not
report adverse events (n = 2); pooled analyses
(n = 3); duplicated studies (n = 51)

Ultimately, only eight trials [7-14] satisfied
all inclusion criteria and were included in the
meta-analysis and systematic review. The flow
chart for study selection is shown in Fig. 1.

General Features of the Trials

Eight trials with a total number of 8514 patients
treated for T2DM were included in this analysis
(4261 patients received 10 mg empagliflozin
and 4253 patients received 25 mg empagli-
flozin). The time period during which patients
were enrolled in each study ranged from 2009
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Records identified through MEDLINE,
EMBASE, the Cochrane database,
Google Scholar and
www.ClinicalTrials.gov
(n=1146)

l

the idea of this research
(n=985)

Records excluded since not directly related to

Full-text articles assessed

(n=181)

A\ 4

Trials finally included in
this meta-analysis (n = 8)

Fig. 1 Flow diagram of the study selection process

to 2015. The general features of the trials are
listed in Table 2.

After referring to the bias risk assessment
features suggested by the Cochrane collabora-
tion, two trials were allotted a grade A, whereas
the remaining trials were allotted a grade B, as
shown in Table 2.

Baseline Features of the Participants

The baseline characteristics of the participants
of the eight studies are given in Table 3. At
baseline the mean age of the patients ranged
from 53.8 to 61.1 years, the percentage of male
patients ranged from 48.1% to 75.7%, the body
mass index ranged from 24.6 to 33.0 kg/m?, and
the HbAlc ranged from 7.86% to 8.06%
(Table 3). There was no significant difference in

for eligibility —_

Full-text articles excluded
because they were:

- Non-randomized
controlled trials (n =
112);

- Did not compare 10
mg versus 25 mg
Empagliflozin (n = 5);

- Did not report adverse
drug events (n = 2);

- Pooled analyses of

trials (n = 3);
- Duplicated studies (n =
51)

baseline features between those patients who
received 10 mg empagliflozin and those who
received 25 mg.

The other anti-diabetic = medications
(sulphonylurea, metformin, thiazolidinedione,
alpha-glucosidase inhibitor, glinide, or dipep-
tidyl-peptidase-4) and the duration of T2DM are
given in Table 4.

Comparison of the ADEs Associated

with 10 versus 25 mg Empagliflozin

as Monotherapy or Add-on to Other Anti-
diabetic Medications in Patients

with T2DM

Our results of our analysis show that there were
no significant differences between the patients
with T2DM receiving 10 empagliflozin and
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Table 2 General features of the trials

Trials No of patients treated with No of patients treated with Enrollment Type of Bias risk
10 mg empagliflozin (») 25 mg empagliflozin () period study grade®
Arakietal. [7] 548 549 2011-2013 RCT B
Ferrannini 272 275 2009-2011 RCT B
et al. [8]
Haring et al. 217 213 2010-2012 RCT B
(9]
Kadowaki 267 265 2010-2014 RCT B
et al. [10]
Roden et al. 224 223 2010-2012 RCT A
(11]
Softeland 112 110 2013-2015 RCT B
et al. [12]
Takkanen 276 276 2011-2012 RCT B
et al. [13]
Zinman et al. 2345 2342 2010-2013 RCT A
(14]
Total no of 4261 4253

patients (n)

RCT Randomized controlled trials

* Grade A suggests very low risk of bias; grade E suggests a high risk of bias.

Table 3 Baseline features of the participants

Trials Age (years) Males (%) HbAlc (%) BMI (kg/m”)
10 mg/25 mg 10 mg/25 mg 10 mg/25 mg 10 mg/25 mg
Araki et al. [7] 60.8/59.6 58.5/72.3 7.99/8.06 24.6/25.2
Ferrannini et al. [8] 59.5/59.5 48.1/52.7 7.89/8.00 28.9/28.1
Haring et al. [9] 55.5/55.6 58.0/56.0 7.94/7.86 29.1/29.7
Kadowak et al. [10] 57.3/57.9 75.7/74.0 7.94/7.93 25.4/25.4
Roden et al. [11] 56.2/53.8 63.0/65.0 7.87/7.86 28.3/28.2
Softeland et al. [12] 54.3/55.4 60.6/64.5 7.97/7.97 31.2/29.9
Takkanen et al. [13] 60.6/59.9 62.0/56.5 7.87/7.92 32.4/33.0
Zinman et al. [14] 61.1/61.1 73.1/73.9 8.06/8.05 26.8/26.5

HbAlc glycosylated hemoglobin, BMI Body Mass Index

those receiving 25 mg empagliflozin in terms of
drug-related adverse effects (OR 1.06, 95% CI
0.93-1.21; P =0.40, I? = 0%), adverse events

leading to drug discontinuation (OR 0.99, 95%
CI 0.86-1.14; P =0.87, > =0%), and serious
adverse events (OR 1.06, 95% CI 0.95-1.18;
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Table 4 Other anti-diabetic drugs that were used in the trials included in the meta-analysis and systematic review

Trials Other anti-diabetic agents which were used Duration of
T2DM (years)

Araki et al. Empagliflozin 4 sulphonyl urea or metformin or thiazolidinedione or alpha- 1tw>10
(7] glucosidase inhibitor or glinide or dipeptidyl-peptidase-4

Ferrannini Empagliflozin mono-therapy and empagliflozin + metformin lto> 5
et al. [8]

Haring et al.  Empagliflozin + metformin 1to> 10
(9]

Kadowaki Empagliflozin monotherapy -
et al. [10]

Roden et al.  Empagliflozin monotherapy ltw> 10
(11]

Softeland Empagliflozin 4+ linagliptin 5 mg and metformin lw> 10
et al. [12]

Takkanen Empagliflozin monotherapy lw> 10
et al. [13]

Zinman et al.

[14]

Empagliflozin + metformin and other anti-diabetic drugs (unspecified) -

T2DM type 2 diabetes mellitus

P = 0.31, I? = 0%) when empagliflozin was pro-
vided as monotherapy or as an add-on to other
anti-diabetic medications, as shown in Fig. 2a.

These patients with T2DM receiving 10
empagliflozin and those receiving 25 mg
empagliflozin also showed similar manifesta-
tions of death (OR 0.81, 95% CI 0.60-1.10;
P =0.17, I? = 0%), hypoglycemic episodes (OR
1.00, 95% CI 0.89-1.13; P = 0.95, I> = 0%), UTIs
(OR 0.97, 95% CI 0.85-1.11; P = 0.63, I = 0%),
and genital infections (OR 0.98, 95% CI
0.81-1.19; P=0.86, I>=0%), as shown in
Fig. 2b.

Comparison of the ADEs Associated
with 10 Versus 25 mg Empagliflozin
as Add-on to Metformin in Patients
with T2DM

An analysis was carried out to compare the
ADEs between these patients with T2DM which
were associated with treatment with 10 versus
treatment 25 mg empagliflozin as an add-on to

metformin. Similar to the results reported
above, there were no significant differences
between the patients receiving 10 mg empagli-
flozin versus those receiving and 25 mg empa-
gliflozin in terms of drug-related adverse effects
(OR 0.85, 95% CI 0.60-1.19; P = 0.33, I* = 0%),
adverse events leading to drug discontinuation
(OR 1.32, 95% CI 0.64-2.75; P = 0.45, I = 0%),
serious adverse events (OR 0.78, 95% CI
0.47-1.32; P=0.36, I*=6%), hypoglycemic
episodes (OR 1.25, 95% CI 0.50-3.10; P = 0.64,
I =0%), UTIs (OR 1.29, 95% CI 0.81-2.06;
P =0.28, = 0%), and genital infections (OR
1.10, 95% CI 0.61-1.99; P = 0.74, I* = 0%), as
shown in Fig. 3.

Comparison of the ADEs Associated
with 10 Versus 25 mg Empagliflozin
Monotherapy in Patients with T2DM

Between patients with T2DM receiving 10 mg
empagliflozin as monotherapy and those
receiving 25 mg empagliflozin as monotherapy,
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25 mg Empaglifiozin 10 mg Empaglifiozin

Study or Subgroup Events Total Events Total Welght M-H, Fixed, 95% CI

1.1.1 Drug related adverse effects

Araki2015 85 549 77 548 4.5%
Ferrannini2013 37 275 37 2712 22%
Haring2014 27 213 35 217 214%
Kadowaki2015 38 265 37 267 22%
Roden2013 39 223 27 224 15%
Softeland2017 12 110 8 112 0.5%
Takkanen2015 54 276 55 276 3.1%
Zinman2015 2118 2342 2112 2345 14.0%
Subtotal (95% Cl) 4253 4261 30.2%
Total events 2410 2388

Heterogeneity: Chi? = 4.54, df =7 (P =0.72); 2= 0%

Test for overall effect: Z = 0.85 (P = 0.40)

1.1.2 Adverse events leading to drug discontinuation

Araki2015 24 549 18 548 1.2%
Ferrannini2013 10 275 9 272 0.8%
Haring2014 5 213 2 217 0.1%
Kadowaki2015 8 265 6 267 04%
Roden2013 4 223 2 224 01%
Softeland2017 0 110 2 112 02%
Takkanen2015 (] 276 4 276 0.3%
Zinman2015 397 2342 416 2345 24.0%
Subtotal (95% Cl) 4253 4261 26.9%
Total events 454 459

Heterogeneity: Chi? = 6.11, df = 7 (P = 0.65); I* = 0%

Test for overall effect: Z = 0.16 (P = 0.87)

1.1.3 Serious Adverse events

Araki2015 35 549 39 548 2.5%
Ferrannini2013 20 275 20 272 1.3%
Haring2014 5 213 7 217  0.5%
Kadowaki2015 15 265 8 267 0.5%
Roden2013 5 223 8 224 0.5%
Softeland2017 4 110 5 112 03%
Takkanen2015 4 276 3 276 02%
Zinman2015 213 2342 876 2345 37.1%
Subtotal (95% CI) 4253 4261 43.0%
Total events 1001 966

Heterogeneity: Chi? = 3.98, df =7 (P = 0.78); I> = 0%

Test for overall effect: Z= 1.01 (P = 0.31)

Total (95% CI) 12759 12783 100.0%
Total events 3865 3813

Heterogeneity: Chi* = 14.29, df = 23 (P = 0.92); * = 0%
Test for overall effect: Z = 1.05 (P = 0.29)
Test for subaroup differences: Chi? = 0.66, df =2 (P = 0.72), I*= 0%

Fig. 2 a, b Adverse drug events (a) and death, hypo-
glycemic episodes, urinary tract infections (UTIs), and
genital infections (b) associated with treatment of patients

with type 2 diabetes mellitus (T2DM) receiving 10 versus

there were no significant differences in terms of
drug-related adverse effects (OR 1.10, 95% CI
0.85-1.42; P=0.47, I?>= 0%), adverse events
related to drug discontinuation (OR 1.12, 95%
ClI 0.58-2.16; P=0.74, I?=12%), serious
adverse events (OR 1.07, 95% CI 0.64-1.79;
P =0.80, I = 18%), death (OR 0.33, 95% CI
0.01-8.19; P =0.50), hypoglycemic episodes
(OR 1.05, 95% CI 0.57-1.91; P = 0.88, I = 0%),
UTIs (OR 0.94, 95% CI 0.59-1.51; P =0.80,
I? = 0%), and genital infections (OR 0.94, 95%
CI 0.57-1.53; P=0.79, I? = 14%), as shown in
Fig. 4.

2.58 [0.50, 13.47]

2.03[0.37, 11.18]

Odds Ratlo Odds Ratlo

M-H, Fixed, 95% CI

1.12 [0.80, 1.58]
0.99 [0.60, 1.61]
0.75[0.44, 1.30]
1.04 [0.64, 1.70]
1.65[0.91, 2.63]
1.59[0.62, 4.06]
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“Ijli{"”

1.35[0.72, 2.51]
1.10 [0.44, 2.76]

1.35[0.46, 3.96]

L
|

P

0.20[0.01,4.21] ¢
1.51[0.42, 5.41]
0.95[0.81, 1.10]
0.99 [0.86, 1.14]
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1.34 [0.30, 6.04]
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ad |

1.04 [0.97,1.12]
0.01 0.1 10 100
Favours [25 mg Empagli] Favours [10 mg Empagli]

" J

25 mg empagliflozin as monotherapy or as add-on to other
anti-diabetic medication. CI confidence interval, M-H
Mantel-Haenszel method for calculating pooled odds ratio

Comparison of the ADEs Associated
with 10 Versus 25 mg Empagliflozin
During a Short-Term Follow-Up Period
of < 52 Weeks in Patients with T2DM

We also analyzed the data on treatment with 10
versus 25 mg empagliflozin according to length
of the follow-up. During a short-term follow-up
period of < 52 weeks, there were no significant
differences in drug-related adverse effects (OR
1.08, 95% CI 0.82-1.41; P =0.59, I* = 30%),
adverse events leading to drug discontinuation
(OR 1.50, 95% CI 0.68-3.29; P = 0.32, I* = 0%),
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25 mg Empagliflozin

10 mg Empagliflozin Odds Ratio

Odds Ratio
M-H, Fixed, 95% CI

X

v

-8

——

& %

n

L

—p

g

Study or Subgroup Events Total Events Total Welght M-H, Fixed, 95% CI
1.1.1 Death
Araki2015 1 549 0 548 0.0% 3.00[0.12, 73.80]
Haring2014 0 213 0 217 Not estimable
Kadowaki2015 0 265 0 267 Not estimable
Roden2013 0 223 0 224 Not estimable
Softeland2017 0 110 0 112 Not estimable
Takkanen2015 0 276 1 276  0.1% 0.33[0.01, 8.19]
Zinman2015 79 2342 97 2345 7.5% 0.81[0.60, 1.10]
Subtotal (85% Cl) 3978 3989 1.7% 0.81 [0.60, 1.10]
Total events 80 98
Heterogeneity: Chi* = 0.94, df =2 (P = 0.63); = 0%
Test for overall effect: Z = 1.36 (P = 0.17)
1.1.2 Hypoglycemla
Araki2015 14 549 8 548 0.6% 1.77 [0.73, 4.25]
Ferrannini2013 6 275 4 272 0.3% 1.49[0.42, 5.36)
Haring2014 3 213 4 217 0.3% 0.76 [0.17, 3.44]
Kadowaki2015 1 265 1 267 0.1% 1.01 [0.06, 16.19]
Roden2013 1 223 1 224 0.1%  1.00[0.06, 16.16]
Softeland2017 3 110 0 112 0.0% 7.33[0.37, 143.50]
Takkanen2015 19 276 19 276 14% 1.00 [0.52, 1.93]
Zinman2015 647 2342 656 2345 38.0% 0.98 [0.86, 1.12]
Subtotal (95% Cl) 4253 4261 40.8% 1.00 [0.89, 1.13]
Total events 694 693
Heterogeneity: Chi* =3.92, df=7 (P =0.79); kP =0%
Test for overall effect: Z = 0.06 (P = 0.95)
1.1.3 Urinary tract Infections (UTis)
Araki2015 21 549 27 548 2.1% 0.77 [0.43, 1.37]
Ferrannini2013 28 275 19 272 1.4% 1.51[0.82, 2.77]
Haring2014 12 213 11 217  0.8% 1.12[0.48, 2.59]
Kadowaki2015 3 265 7 267 0.6% 0.43[0.11, 1.66]
Roden2013 12 223 15 224 1.1% 0.79[0.36, 1.73]
Softeland2017 4 110 8 112 0.6% 0.48[0.14, 1.68]
Takkanen2015 13 276 11 276 0.8% 1.19[0.52, 2.71]
Zinman2015 416 2342 426 2345 28.0% 0.97 [0.84, 1.13]
Subtotal (95% Cl) 4253 4261 35.4% 0.97 [0.85, 1.11]
Total events 509 524
Heterogeneity: Chi? = 5.84, df =7 (P = 0.56); I* = 0%
Test for overall effect: Z = 0.49 (P = 0.63)
1.1.4 Genltal Infections
Araki2015 8 549 1 548 0.9% 0.72[0.29, 1.81]
Ferrannini2013 12 275 10 272 08% 1.20[0.51, 2.82]
Haring2014 10 213 8 217 0.6% 1.29[0.50, 3.33]
Kadowaki2015 2 265 8 267 0.6% 0.25[0.05, 1.17]
Roden2013 9 223 7 224 0.5% 1.30 [0.48, 3.56]
Softeland2017 5 110 2 112 02% 262[0.50, 13.79]
Takkanen2015 15 276 14 276 1.1% 1.08 [0.51, 2.27]
Zinman2015 148 2342 153 2345 11.5% 0.97 [0.77,1.22]
Subtotal (95% Cl) 4253 4261 16.1% 0.98 [0.81,1.19]
Total events 209 213
Heterogensity: Chi? = 5.69, df = 7 (P = 0.58); I* = 0%
Test for overall effect: Z = 0.18 (P = 0.86)
Total (95% Cl) 16737 16772 100.0% 0.97 [0.90, 1.05]
Total events 1492 1528
Heterogenelty: Chi2 = 18.00, df = 26 (P = 0.88); I = 0% :0 o1
Test for overall effect: Z = 0.68 (P = 0.49) )
Test for subaroup differences: ChP = 1.65, df = 3 (P = 0.65), I = 0%

Fig. 2 continued

serious adverse events (OR 0.79, 95% CI P=0.69,

0.42-1.47; P = 0.45, I = 0%), death (OR 0.33, 1.28, 95%

95% CI 0.01-8.19; P =0.50), hypoglycemic
episodes (OR1.09, 95% CI 0.62-1.92; P = 0.76,
I =0%), UTIs (OR 0.92, 95% CI 0.59-1.41;

100

0.1 10
Favours [25 mg Empagli] Favours [10 mg Empagli]

= 0%), and genital infections (OR

ClI 0.79-2.07; P=0.31, I =0%)

between the T2DM patients receiving 10 mg
empagliflozin and those receiving 25 mg
empagliflozin, as shown in Fig. 5.
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25 mg Empaglifiozin 10 mg Empaglifiozin

Study or Subgroup Events Total Events

1.1.1 Drug related adverse effects

Araki2015 9 65 13 68 8.1%
Ferrannini2013 37 275 37 272 18.0%
Haring2014 27 213 35 217  17.0%
Subtotal (95% CI) 553 557 41.1%
Total events 73 85

Heterogenelty: Chi = 0.77, df = 2 (P = 0.68); I* = 0%
Test for overall effect: Z = 0.97 (P = 0.33)

1.1.2 Adverse events leading to drug discontinuation

Araki2015 2 65 2 68 1.1%
Ferrannini2013 10 275 9 272 49%
Haring2014 5 213 2 217 11%
Subtotal (95% Cl) 553 557 7.0%
Total events 17 13

Heterogeneity: Chi? = 0.84, df =2 (P = 0.66); I? = 0%
Test for overall effect: Z = 0.75 (P = 0.45)

1.1.3 Serlous Adverse events

Araki2015 2 85 7 68 3.7%
Ferrannini2013 20 275 20 272 104%
Haring2014 5 213 7 217 38%
Subtotal (95% Cl) 553 557 18.0%
Total events 27 34

Heterogenety: Chit = 2,12, df = 2 (P = 0.35); I* = 6%
Test for overall effect: Z = 0.91 (P = 0.36)

1.1.4 Hypoglycemla

Araki2015 1 65 0 68 0.3%
Ferrannini2013 6 275 4 272 22%
Haring2014 3 213 4 217 22%
Subtotal (95% CI) 553 557 4.7%
Total events 10 8

Heterogeneity: Chi? = 0.82, df =2 (P = 0.67); 2 = 0%

Test for overall effect: Z = 0.47 (P = 0.64)

1.1.5 Urinary tract infections (UTIs)

Araki2015 3 65 4 68 21%
Ferrannini2013 28 275 19 272  96%
Haring2014 12 213 1 217 58%
Subtotal (95% CI) 553 557 17.5%
Total events 43 34

Heterogeneity: Chi* = 0.79, df =2 (P = 0.67); ? = 0%

Test for overall effect: Z=1.08 (P = 0.28)

1.1.6 Genltal Infections

Araki2015 2 65 4 68 21%
Ferrannini2013 12 275 10 272  54%
Haring2014 10 213 8 217  42%
Subtotal (95% Cl) 553 557 11.7%
Total events 24 22

Heterogeneity: Chi? = 0.90, df =2 (P = 0.64); I?= 0%

Test for overall effect: Z=0.33 (P = 0.74)

Total (95% Cl) 3318 3342 100.0%
Total events 194 196

Heterogeneity: Chi* =8.73, df = 17 (P = 0.91); P =0%
Test for overall effect: Z = 0.04 (P = 0.96)
Test for subaroup differences: Chi? = 3.83, df =5 (P = 0.57), = 0%

Odds Ratlo
Total Weight M-H, Fixed, 85% CI

0.68[0.27, 1.72]

1.10 [0.44, 2.78]

2,58 [0.50, 13.47]
1.32 [0.64, 2.75]

3.19[0.13, 79.63]
1.49 [0.42, 5.36] —
0.76 [0.17, 3.44]
1.25 [0.50, 3.10]

0.77 [0.17, 3.60] —
1.51[0.82, 2.77] T

1.12[0.48, 2.59]
1.29 [0.81, 2.06]

0.51[0.09, 2.87] —
1.20 [0.51, 2.82] S
1.29[0.50, 3.33] —

Odds Ratlo
M-H, Fixed, 95% C|

0.98 [0.60, 1.61] ——
0.75[0.44, 1.30] —=-
0.85 [0.60, 1.19] L
1.05 [0.14, 7.66]

0.28 [0.08, 1.38] —_—
0.99[0.52, 1.88] —_
0.72[0.23, 2.31]
0.78 [0.47, 1.32]

|
|

0

R~

1.10 [0.61, 1.99] -
1.00 [0.81, 1.23] T
0.01 0.1 1 10 100

Favours [25 mg Empagll] Favours [10 mg Empagll]

Fig. 3 Adverse drug events associated with the treatment of patients with T2DM with 10 versus 25 mg empagliflozin as

add-on to metformin

Comparison of the ADEs Associated

with 10 Versus 25 mg Empagliflozin
During a Longer Follow-Up Period of = 52
Weeks in Patients with T2DM

Analysis of the data on treatment with 10 versus
25 mg empagliflozin during a relatively longer

Fig. 4 Adverse drug events associated with the treatmentp
of patients with T2DM with 10 versus 25 mg empagli-
flozin monotherapy

follow-up period of > 52 weeks revealed that
there were no significant differences in drug-
related adverse effects (OR 1.05, 95% CI
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25 mg Empaglifiozin

Study or Subgrou Events Total
1.1.1 Drug related adverse effects

Ferrannini2013 13 109
Kadowaki2015 38 265
Roden2013 39 223
Takkanen2015 54 276
Subtotal (95% CI) 873

Total events 144

10 mg Empaglifiozin
Events

Heterogenetty: Chi* = 2.21, df = 3 (P = 0.53); * = 0%

Test for overall effect: Z=0.73 (P = 0.47)

1.1.2 Adverse events leading to drug discontinuation

Ferrannini2013 1 109
Kadowaki2015 8 265
Roden2013 4 223
Takkanen2015 6 276
Subtotal (85% Cl) 873
Total events 19

Heterogenetty: Chi* = 3.42, df = 3 (P = 0.33); P = 12%

Test for overall effect: Z=0.33 (P = 0.74)

1.1.3 Serlous Adverse events

Ferrannini2013 7 109
Kadowaki2015 15 265
Roden2013 5 223
Takkanen2015 4 276
Subtotal (95% Cl) 873
Total events 31

Heterogenetty: Chi = 3.66, df = 3 (P = 0.30); I = 18%

Test for overall effect: Z = 0.25 (P = 0.80)

1.1.4 Death

Kadowaki2015 0 109
Roden2013 0 223
Takkanen2015 0 276
Subtotal (95% CI) 608
Total events 0
Heterogeneity: Not applicable

Test for overall effect: Z = 0.67 (P = 0.50)

1.1.5 Hypoglycemia

Ferrannini2013 2 109
Kadowaki2015 1 265
Roden2013 1 223
Takkanen2015 19 276
Subtotal (95% CI) 873
Total events 23

Heterogeneity: Chiz = 0.28, df = 3 (P = 0.96); I = 0%

Test for overall effect: Z = 0.15 (P = 0.88)

1.1.6 Urinary tract infections (UTls)

Ferrannini2013 7 108
Kadowaki2015 3 265
Roden2013 12 223
Takkanen2015 13 276
Subtotal (95% CI) 873
Total events 35

Heterogenelty: Chi? = 2.74, df = 3 (P = 0.43); k= 0%

Test for overall effect: Z = 0.25 (P = 0.80)

1.1.7 Genital infections

Ferrannini2013 6 108
Kadowaki2015 2 285
Roden2013 9 223
Takkanen2015 15 278
Subtotal (35% CI) 873
Total events 32

Heterogenelty: Chi = 3.50, df = 3 (P = 0.32); I = 14%

Test for overall effect: Z = 0.26 (P = 0.79)

Total (85% Cl)
Total events 284

5846

14 106
37 267
27 224
55 276
873

133
5 108
6 267
2 224
4 276
873

17
10 108
8 267
8 224
3 276
873

29
0 108
0 224
1 276
606

1
1 106
1 267
1 224
19 276
873

22
4 106
7 267
15 224
1 276
873

37
5 106
8 267
7 224
14 276
873

34
5844

273

Heterogenety: Chi? = 16.76, df = 24 (P = 0.86); I = 0%

Test for overall effect: Z = 0.48 (P = 0.63)

Test for subgroup differences: Chiz = 1.07, df =6 (P = 0.98), I’ = 0%

51%
12.9%
9.1%
18.0%
45.1%

2.0%
2.4%
0.8%
1.6%
6.8%

3.9%
3.2%
1.2%
11.3%

0.86%
0.6%

0.4%
0.4%
0.4%
7.2%
8.4%

1.5%
2.8%
5.8%

4.3%
14.4%

2.0%
3.2%
2.7%

5.4%
13.3%

100.0%

Odds Ratlo

Total Weight M-H, Fixed, 95% CI

0.89 [0.40, 1.99]
1.04 [0.64, 1.70]
1.55[0.91, 2.63]
0.98 [0.64, 1.49]
1.10 [0.85, 1.42]

0.19[0.02, 1.63]
1.35 [0.46, 3.96]
2.03[0.37, 11.18]
1.51[0.42, 5.41]
1.12 [0.58, 2.16]

0.66 [0.24, 1.80]
1.94 [0.81, 4.66]
0.62 [0.20, 1.92]
1.34 [0.30, 6.04]
1.07 [0.64, 1.79]

Not estimable
Not estimable
0.33[0.01, 8.19]
0.33[0.01, 8.19]

1.96[0.18, 21.97]
1.01 [0.08, 16.19]
1.00 [0.06, 16.16]
1.00 [0.52, 1.93]
1.05 [0.57, 1.91]

1.75[0.50, 6.16]
0.43[0.11, 1.66]
0.78[0.36, 1.73]
1.19[0.52, 2.71]
0.94 [0.59, 1.51]

1.18 [0.35, 3.98]
0.26 [0.05, 1.17]
1.30 [0.48, 3.56]
1.08[0.51,2.27]
0.94 [0.57, 1.53]

1.04 [0.88, 1.24]

Odds Ratlo
M-H, Fixed, 95% CI

|
T

l
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—
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25 mg Empaglifiozin 10 mg Empaglifiozin Cdds Ratlo Odds Ratle

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 85% CI

1.1.1 Drug related adverse effects

Haring2014 27 213 35 217 13.0% 0.75[0.44, 1.30] -1

Roden2013 39 223 27 224 0.5% 1.55[0.81, 2.63]

Softeland2017 12 110 8 12 3.0%  1.59[0.62,4.06] B

Takkanen2015 54 276 55 276 18.0% 0.98 [0.64, 1.49] -1

Subtotal (95% CI) 822 829 446%  1.08[0.82,1.41] L 2

Total events 132 125

Heterogeneity: Chi? = 4.32, df =3 (P = 0.23); I*= 30%

Test for overall effect: Z = 0.54 (P = 0.58)

1.1.2 Adverse events leading to drug discontinuation

Haring2014 5 213 2 217 0.8% 2.58[0.50, 13.47] —

Roden2013 4 223 2 224 08% 203[0.37, 11.18] -1

Softeland2017 0 110 2 112 1.1% 0.20[0.01,4.21] ¢

Takkanen2015 () 276 4 276 1.7% 1.51[0.42, 5.41] S

Subtotal (85% C1) 822 820 44%  1.50[0.68,3.28] -

Total events 15 10

Heterogeneity: Chi? = 2.22, df =3 (P = 0.53); I*= 0%

Test for overall effect: Z = 1.00 (P = 0.32)

1.1.3 Serlous Adverse evenis

Haring2014 5 213 7 217 2.9% 0.72[0.23,2.31] - =1

Roden2013 5 223 8 224 34% 0.62[0.20, 1.92] —

Softeland2017 4 110 5 12 21% 0.81[0.21, 3.09] 2 —

Takkanen2015 4 276 3 276 1.3% 1.34[0.30, 6.04] —

Subtotal (85% Cl) 822 820 96%  0.79[0.42,1.47] -~

Total events 18 23

Heterogeneity: Chi? = 0.87, df =3 (P = 0.88); I = 0%

Test for overall effect Z = 0.76 (P = 0.45)

1.1.4 Death

Haring2014 0 213 0 217 Not estimable

Roden2013 0 223 0 224 Not estimable

Softeland2017 o 110 0 112 Not estimable

Takkanen2015 0 276 1 276 0.6% 0.33[0.01, 8.19]

Subtotal (85% Cl) 820 06% 033[0.01,8.15] ——eee N ———

Total events 0 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.67 (P = 0.50)

1.1.5 Hypoglycemia

Haring2014 3 213 4 217 1.7% 0.78 [0.17, 3.44] Y

Roden2013 1 223 1 224 04%  1.00][0.08, 16.16]

Softeland2017 3 110 0 112 0.2% 7.33[0.37, 143.50] 4

Takkanen2015 19 276 19 278  7.8% 1.00[0.52, 1.93] i

Subtotal (95% CI) 822 820 99%  1.09[0.62,1.92] <l

Total events 26 24

Heteroganeity: Chiz = 1.86, df =3 (P = 0.60); I= 0%

Tast for overall effect: Z = 0.30 (P = 0.76)

1.1.8 Urinary tract infections {(UTls)

Haring2014 12 213 1 217 44% 1.12[0.48, 2.59] AR A

Roden2013 12 223 15 229 6.1% 0.79[0.36, 1.73] —_—

Softeland2017 4 110 8 112 33% 0.49 [0.14, 1.68] I

Takkanen2015 13 276 11 276  4.5% 1.19[0.52, 2.71] ——

Subtotal (95% CI) 822 820 183%  0.92[0.59, 1.41] S o

Total events 41 45

Heterogeneity: Chi? = 1.73, df = 3 (P = 0.63); = 0%

Test for overall effect Z = 0.40 (P = 0.69)

1.1.7 Genital infections

Haring2014 10 213 B8 217 32% 1.29 [0.50, 3.33] -1

Raoden2013 9 223 7 224 29% 1.30[0.48, 3.56] T [ a—

Softeland2017 5 110 2 112 0.8% 262[0.50,13.79] ! I —

Takkanen2015 15 276 14 278 57% 1.08[0.51, 2.27] =r—

Subtotal (95% CI) 822 829 1268%  1.28[0.79,2.07]

Total events 39 31

Heterogeneity: Chi? = 0.92, df = 3 (P = 0.82); I = 0%

Test for overall effect Z = 1.01 (P = 0.31)

Tatal (95% Cl) 5754 5803 100.0% 1.06 [0.89, 1.27]

Total events 271 259

Heterogeneity: Chi? = 14.92, df = 24 (P = 0.92); P = 0% 0.01 o1 1 10 100

Test for overall effect Z = 0.64 (P = 0.52)
Test for subgroup differences: Chi*=3.18, df =6 (P =0.79), F=0%

Favours [25 mg Empagll] Favours [10 mg Empagll]
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«Fig. 5 Adverse drug events associated with the treatment
of patients with T2DM with 10 versus 25 mg empagli-
flozin during a short-term follow-up period of < 52 weeks

0.91-1.22; P =0.50, I? = 0%), adverse events
leading to drug discontinuation (OR 0.97, 95%
CI 0.84-1.13; P = 0.73, I? = 0%), serious adverse
events (OR 1.07, 95% CI 0.96-1.19; P =0.24,
I? = 0%), death (OR 0.82, 95% CI 0.61-1.11;
P =0.20, * = 0%), hypoglycemic episode (OR
1.00, 95% CI 0.88-1.13; P = 0.99, I? = 0%), UTIs
(OR0.97,95% CI 0.85-1.12; P = 0.70, I = 26%),
and genital infections (OR 0.93, 95% CI
0.75-1.15; P=0.51, > =15%) between the
T2DM patients receiving 10 mg empagliflozin
and those receiving 25 mg empagliflozin, as
shown in Fig. 6.

Comparison of UTIs in Male Versus Female
Patients with T2DM Treated with 10
and 25 mg Empagliflozin, Respectively

A separate analysis was carried out for UTIs in
male versus female patients with T2DM treated
with 10 mg empagliflozin. The analysis showed
UTIs to be significantly higher in female
patients (OR 0.23, 95% CI 0.11-0.51;
P =0.0002), as shown in Fig. 7. A second study
was carried out for UTIs in male versus female
patients with T2DM treated with 25 mg empa-
gliflozin. The results again showed UTIs to be
significantly higher in female patients (OR 0.16,
95% CI 0.13-0.20; P = 0.00001, I =0%), as
shown in Fig. 8.

Comparison of Genital Infections in Male
Versus Female Patients with T2DM Treated
with 10 and 25 mg Empagliflozin, Respectively
A separate analysis was carried out to compare
genital infections in male versus female patients
with T2DM treated with 10 and 25 mg empa-
gliflozin, respectively. A comparison of these
two treatment groups revealed that genital
infections were significantly higher in female
patients (OR 0.54, 95% CI 0.42-0.69;
P =0.00001) than in male patients (OR 0.40,
95% CI 0.18-0.88; P = 0.02).

Sensitivity Analysis and Publication Bias

Sensitivity analyses produced consistent results.
There was no significant difference in the results
obtained when each trial was excluded one by
one, and a new analysis was carried out each
time.

Based on a visual inspection of the funnel
plots which were generated, there was no evi-
dence of publication bias, as observed across all
the trials that assessed the adverse drug reac-
tions in patients with T2DM receiving empa-
gliflozin 10 mg versus those receiving
empagliflozin 25 mg, as shown in Fig. 8a—c.

DISCUSSION

In this new era, it is high time to carry out
research based not only on newer OHAs but also
on the dosage of drugs to be prescribed.

Empagliflozin has been found to show ben-
eficial effects in T2DM patients with cardiovas-
cular disease. The EMPA-REG OUTCOME study
reported an improvement in adverse cardiovas-
cular outcomes in patients who were treated
with empagliflozin [14]. T2DM patients at
higher risk for cardiac problems and who were
treated with empagliflozin had reduced com-
posite cardiovascular outcomes and decreased
mortality when this drug was added to the
standard care [14].

Our analysis revealed that adverse drug out-
comes were not significantly different between
patients treated for T2DM with 10 or 25mg
empagliflozin. Similar results were obtained for
both a shorter and a longer follow-up. However,
when UTIs and genital infections were com-
pared between male and female T2DM patients
who received either 10 or 25 mg empagliflozin,
both of these adverse events were significantly
higher in the female patients.

The results of a recent analysis of pooled data
from three clinical trials consisting of Japanese
patients with T2DM also support the results of
this current analysis in showing similar ADEs in
patients who were treated with either dosage of
empagliflozin [15]. Another double-blind
extension of a phase III randomized controlled
trial also showed similar results to our analysis
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25 mg Empaglifiozin 10 mg Empaglifiozin Odds Ratlo Odds Ratlo

Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI| M-H, Fixed, 95% CI
1.1.1 Drug related adverse effects
Araki2015 85 549 7 548 2.7% 1.12 [0.80, 1.56] T
Ferrannini2013 37 275 37 272 13% 0.99 [0.60, 1.61] I
Kadowaki2015 38 265 37 267 1.3% 1.04 [0.64, 1.70] -1
Zinman2015 2118 2342 2112 2345 82% 1.04 [0.86, 1.27] &
Subtotal (95% Cl) 3431 3432 13.5% 1.05 [0.91, 1.22] 9
Total events 2278 2263
Heterogeneity: Chi? = 0.21, df = 3 (P = 0.98); I = 0%
Test for overall effect: Z = 0.67 (P = 0.50)
1.1.2 Adverse events leading to drug discontinuation
Araki2015 24 549 18 548 0.7% 1.35[0.72, 2.51] -T—
Ferrannini2013 10 275 9 272 04% 1.10 [0.44, 2.76] I —
Kadowaki2015 8 265 6 287 0.2% 1.35[0.46, 3.96] -1
Zinman2015 397 2342 416 2345 14.0% 0.95[0.81, 1.10] -
Subtotal (95% CI) 3431 3432 15.3% 0.97 [0.84, 1.13] L 3
Total events 439 449
Heterogeneity: Chi? = 1.61, df = 3 (P = 0.66); I* = 0%
Test for overall effect: Z=0.35 (P = 0.73)
1.1.3 Serlous Adverse events
Araki2015 35 549 39 548 1.5% 0.89 [0.55, 1.43] -
Ferrannini2013 20 275 20 272 0.8% 0.99 [0.52, 1.88] -
Kadowaki2015 15 265 8 267 0.3% 1.94[0.81, 4.66] -
Zinman2015 913 2342 876 2345 21.7% 1.07 [0.95, 1.21] o
Subtotal (95% Cl) 3431 3432 24.3% 1.07 [0.96, 1.19] )
Total events 983 843
Heterogeneity: Chi? = 2.43, df =3 (P = 0.49); I?=0%
Test for overall effect: Z = 1.17 (P = 0.24)
1.1.4 Death
Araki2015 1 549 0 548 0.0% 3.00[0.12, 73.80]
Kadowaki2015 ] 265 0 267 Not estimable
Zinman2015 79 2342 97 2345 3.8% 0.81[0.60, 1.10] ™
Subtotal (95% CI) 3156 3160 3.8%  0.82[0.61,1.11] L 3
Total events 80 97
Heterogeneity: Chi = 0.64, df = 1 (P = 0.42); = 0%
Test for overall effect: Z = 1.29 (P = 0.20)
1.1.5 Hypoglycemia
Araki2015 14 549 8 548 0.3% 1.77 [0.73, 4.25] T
Ferrannini2013 6 275 4 272 02% 1.49[0.42, 5.36] )
Kadowaki2015 1 265 1 267 0.0% 1.01 [0.06, 16.18]
Zinman2015 647 2342 656 2345 19.3% 0.98 [0.86, 1.12] b i
Subtotal (95% CI) 3431 3432 19.8% 1.00 [0.88, 1.13] ¢
Total events 668 669
Heterogeneity: Chi? = 2.07, df = 3 (P = 0.56); 2= 0%
Test for overall effect: Z = 0.01 (P = 0.99)
1.1.6 Urinary tract infections {UTis)
Araki2015 21 549 27 548 1.1% 0.77 [0.43, 1.37] .
Ferrannini2013 28 275 19 272 0.7% 1.51[0.82, 2.77] T
Kadowaki2015 3 265 7 267 0.3% 0.43[0.11, 1.66] —
Zinman2015 416 2342 426 2345 14.2% 0.97 [0.84, 1.13] b
Subtotal (95% CI) 3431 3432 18.3% 0.97 [0.85,1.12] L 3
Total events 468 479
Heterogenelty: ChE = 4.05, df = 3 (P = 0.26); I>= 26%
Test for overall effect: Z = 0.38 (P = 0.70)
1.1.7 Genital infections
Araki2015 8 549 1 548  0.4% 0.72[0.29, 1.81] —_—l
Ferrannini2013 12 275 10 272 0.4% 1.20[0.51, 2.82] .
Kadowaki2015 2 265 8 267 0.3% 0.25[0.05, 1.17] B
Zinman2015 148 2342 153 2345 58% 0.97[0.77,1.22] T
Subtotal (95% CI) 3431 3432 7.0%  0.93[0.75,1.15] *
Total events 170 182
Heterogenelty: Chi? = 3.52, df = 3 (P = 0.32); I* = 15%
Test for overall effect: Z = 0.65 (P = 0.51)
Total (95% Cl) 23742 23752 100.0% 1.00 [0.95, 1.06]
Total events 5086 5082
Heterogeneity: Chi? = 18.57, df = 25 (P = 0.82); I*= 0% =o.o1 of p 1=o 1 oo:

Test for overall effect: Z = 0.13 (P = 0.90)
Test for subgroup differences: Chi? =4.14, df =6 (P =0.66), I?=0%

Favours [25 mg Empagli]

Favours [10 mg Empagli]
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«Fig. 6 Adverse drug events associated with the treatment
of patients with T2DM with 10 versus 25 mg empagli-
flozin during a relatively longer follow-up period of >
52 weeks

whereby no significant difference was observed
even after 76 weeks of treatment with empagli-
flozin 10 and 25 mg [16]. The results of other
studies further support the findings of our

analysis we were able to make a gender-based
comparison.

Novelty

This research study is novel in the following

ways:

1. It is the first study to systematically com-
pare the ADEs associated with treatment
with 10 versus 25mg empagliflozin in
patients who were being treated for T2DM.

analysis [17, 18]. 2. Several comparisons of empagliflozin treat-
Even though this is a systematic analysis of ment were made: (1) with empagliflozin as
data which were obtained from recently pub- monotherapy; (2) with empagliflozin as
lished randomized controlled trials, the results add-on to other anti-diabetic medications;
may be novel compared to those of randomized (3) with empagliflozin as add-on specifically
patients were also compared for UTIs and gen- period, and (5) during a longer follow-up
ital infections; such data were missing elements period.
of the individual randomized controlled trials. 3. Urinary tract infections and genital infec-
Published research only shows data on UTIs and tions were also systematically compared in
genital infections in males and females, but the male versus female patients treated with 10
males with 10 mg Empag  females with 10 mg Empag Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Welght M-H, Random, 85% ClI M-H, Random, 95% ClI
Araki2015 8 380 21 158 15.2% 0.10 [0.04, 0.26] -
Ferrannini2013 2 140 17 132 11.3% 0.10[0.02, 0.43] - =
Haring2014 1 125 8 92 16.0% 1.01[0.39, 2.63] I
Kadowaki2015 1 202 6 65 7.8% 0.05[0.01,041] ¢
Roden2013 3 142 12 82 126% 0.13 [0.03, 0.46] -
Softeland2017 0 66 8 43 52% 003[0.00,056)
Takkanen2015 8 17 6 105 14.1% 0.81[0.27, 2.40] O
Zinman2015 89 1714 64 631 18.9% 0.49 [0.35, 0.88] -
Total (95% Cl) 2850 1308 100.0% 0.23[0.11, 0.51] -
Total events 120 142
Heterogenelty: Tau® = 0.78; Chi* = 28,67, df = 7 (P = 0.0002); I = 76% :0.01 o.:1 150 1 00=

Test for overall effect: Z = 3.70 (P = 0.0002)

Favours [males 10mg] Favours [females 10 mg]

Fig. 7 Urinary tract infections in male versus female patients with T2DM treated with 10 mg empagliflozin

Males with 25 mg Empag  Females with 25 mg Empag Odds Ratlo QOdds Ratlo

Study or Subgroup Events Total Events Total Welght M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Araki2015 9 398 16 151 54% 0.20 [0.08, 0.45]
Ferrannini2013 7 145 21 130 5.0% 0.26 [0.11, 0.64]
Haring2014 1 120 1 93 29% 0.06[0.01,049) ¥———
Kadowaki2015 0 198 3 69 1.2% 0.05[0.00, 0.95] ¢
Roden2013 2 144 10 7% 3.0% 0.10 [0.02, 0.46] —_—
Softeland2017 0 gl 8 39  26% 0.03[0.00,046] ¢
Takkanen2015 4 156 9 120 23% 0.32[0.10, 1.08]
Zinman2015 170 1731 246 611 77.6% 0.16 [0.13, 0.20] | |
Total (95% CI) 2961 1202 100.0% 0.16 [0.13, 0.20] <
Total events 193 324

ity: Chi? = e - - [2= I + + {
Heterogeneity: Chi* = 8.02, df =7 (P = 0.54); I*= 0% 0.01 01 10 100

Test for overall effect: Z = 17.34 (P < 0.00001)

Favours [Males 25 mg] Favours [Females 25 mg]

Fig. 8 Urinary tract infections in male versus female patients with T2DM treated with 25 mg Empagliflozin

I\ Adis



768

Diabetes Ther (2018) 9:753-770

SE(log[OR])
’ $
Q?Eé)
SRS
+ M N
05 * %O‘j .
L0000 o Y
+ O
v a
* o
1
15
<
A A
; . _OR
2 + + y
0.01 0.1 1 10 100
O Drug related adverse effects Hypoglycemia
Adverse events leading to drug discontinuation <+ Urinary tract infections (UTls)
L1 serious Adverse events  Genital infections
/\ Death
Fig. 9 Funnel plots showing publication bias (a—c)
0 SE(log[OR])
09 o
AR A
05 % . T
+ E o>
[s]
S 4
1
1.5
o
A
2 / H OR
0.01 0.1 1 10 100

(o] Drug related adverse effects Hypoglycemia
<> Adverse events leading to drug discontinuation -+ Urinary tract infections (UTls)
L] serious Adverse events * Genital infections

Death

Fig. 9 continued

4. The drug is a new, emerging OHA and it
appears to have the potential to play a
significant role in clinical medicine.

Limitations

Few limitations were as followed:

1. Due to the limited number of patients
especially with Empagliflozin mono-ther-
apy, the results might further be confirmed
in future trials with a larger population size.

2. The follow-up periods were not similar in
each trial. This might also have had an
effect on the results.
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Fig. 9 continued

3. Other co-morbidities could have influenced
the outcomes. However, co-morbidities at
baseline were not often reported.

CONCLUSIONS

Adverse drug events were not significantly dif-
ferent in patients with T2DM receiving 10 ver-
sus 25 mg empagliflozin as mono-therapy or as
add-on to metformin or other anti-diabetic
drugs during a shorter or longer follow-up per-
iod. However, genital and UTIs were more
common in female patients with T2DM irre-
spective of empagliflozin dosage.
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