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Efficacy and Safety of Empagliflozin in
Type 1 Diabetes Mellitus Patients:

A Systematic Review

Empagliflozinin Tip 1 Diabetes Mellitus Hastalarinda
Etkililigi ve Glvenliligi: Sistematik Bir Derleme

Abstract

As the efficacy and safety of empagliflozin remain poorly
studied in Type 1 diabetes mellitus (T1DM) patients, this
narrative-systematic review aims to review it. The rando-
mized controlled trials studying the above across different
empagliflozin dosages and placebo got searched in PubMed,
Embase, and Scopus databases. The database searches yi-
elded 5 eligible trials reporting data of about 1,870 T1DM
patients from 45 countries. The empagliflozin dosages tes-
ted in these trials were 2.5, 10, and 25 mg. The trials col-
lectively showed a low or unclear risk of bias (Cochrane tool
used). The existing double-blinded randomized controlled
trials mainly suggest a dose-dependent decrease in glyca-
ted hemoglobin, body weight, and total weekly insulin re-
quirement in empagliflozin-treated T1DM patients.
Ketoacidosis, urinary tract infection, and study discontinua-
tion due to side effects were rare adverse effects of em-
pagliflozin. Genital infection predominantly occurred among
recipients of 10 or 25 mg empagliflozin.

Keywords: Empagliflozin;
sodium-glucose transporter 2 inhibitors;
Type 1 diabetes mellitus; treatment outcome;
adverse effects

Type 1 diabetes mellitus (T1DM) is primarily
a childhood-onset hyperglycemic autoim-
mune condition resulting from the death of
pancreatic beta cells. It's triggered by ge-
netic predisposition (human leukocyte anti-
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Tip 1 diabetes mellitus (T1DM) hastalarinda, empagliflozinin
etkililigi ve glivenliligi halen yeterince calisiimamis oldugun-
dan bu geleneksel-sistematik derlemede, bu konunun géz-
den gecirilmesi amaglandi. Farkl empagliflozin dozajlari ve
plasebo alan hastalarda, yukaridaki kriterleri analiz eden
randomize kontrolli calismalar igin PubMed, Embase ve
Scopus veri tabanlar tarandi. Tarama sonrasi 45 llkeden
yaklasik 1.870 T1DM hastasinin verilerini rapor eden 5
uygun galisma secildi. Bu galismalarda test edilen empaglif-
lozin dozajlarn 2,5, 10 ve 25 mg idi. Calismalardaki 6n yargi
riski, genel olarak dislik veya belirsizdi (Cochrane araci kul-
lanildi). Mevcut gift-kdr, randomize kontrolll galismalar, em-
paglifiozin ile tedavi edilen T1DM hastalarinda glikolize
hemoglobin, viicut adirligi ve haftalik toplam instlin gerek-
siniminde doza bagli bir azalma oldugunu ortaya koydu. Ke-
toasidoz, idrar yolu enfeksiyonu ve yan etkiler nedeniyle
galismanin kesilmesi, empagliflozinin nadir gorilen yan et-
kileriydi. Genital enfeksiyon ise agirlikli olarak 10 veya 25
mg empagliflozin alanlarda meydana geldi.

Anahtar kelimeler: Empagliflozin;
sodyum-glukoz transporter 2 inhibitorleri;
Tip 1 diabetes mellitus; tedavi sonucu;
yan etkiler

gen alleles such as DQ and DR) or viruses or
environmental toxins, and other unknown
factors (1,2). These patients are at risk of
hyperglycemic complications such as dia-
betic retinopathy, diabetic nephropathy, dia-
betic neuropathy, diabetic ketoacidosis, and
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diabetic foot (1,2). Due to the lack of pro-
duction of the anabolic hormone insulin,
these patients require lifelong insulin treat-
ment. However, the latter has drawbacks.
First, it fails to achieve the desired glycemic
control in most T1DM patients. Nearly 75%
of these patients do not obtain the desired
glycemic control [glycated hemoglobin
(HbA1c) of <7%, as recommended by the
American Diabetes Association] (3,4). Sec-
ond, the sole dependence on insulin as the
only glucose-lowering agent increases hy-
poglycemia and long-term cardiovascular
risk-related mortality (5). Besides, there is
also concern regarding the quality of life of
T1DM patients due to the intricacies and dif-
ficulties associated with multiple daily insulin
injections and finger pricks for the self-mon-
itoring of blood glucose levels (6). There-
fore, empagliflozin, a sodium-glucose
cotransporter-2 inhibitor (SGLT2i), has at-
tracted substantial attention as a plausible
independent or insulin-adjunct drug to con-
trol hyperglycemia in T1DM patients. SGLT2i
drugs flush out glucose from the body by
blocking the SGLT2 transport protein in the
proximal renal tubules (7,8). In healthy in-
dividuals, these proteins absorb almost 90%
of the glucose filtered through the renal
tubules (7,8). The chemical conformation of
empagliflozin is Cy3H55ClO- (9). These mol-
ecules weigh about 450.91 g/mol (9). Due
to its extended half-life of about 10 to 12 h
and consequent feasibility of one dose per
day, empagliflozin has drawn substantial at-
tention among the SGLT2i drugs (6,9). Be-
sides, as the drug undergoes
glucuronidation, no key metabolites are pro-
duced (6,9). Empagliflozin has proven to be
beneficial in achieving glycemic control in
T2DM patients on diet and exercise treat-
ment (10), and the U.S. Food and Drug Ad-
ministration (FDA) recommends its use in
these patients (9,11). It also decreases the
cardiovascular risk in T2DM patients (10).
The major adverse events reported among
T2DM patients include a drop in blood pres-
sure and blood glucose (when simultane-
ously administered with insulin) levels,
ketoacidosis, impairment of kidney function,
fungal infection of the genitals, and raised
levels of low-density lipoproteins (LDL)
(10,11). Besides, in T2DM patients, the uri-
nary glucose excretion threshold has a dose-

dependent relationship with empagliflozin
dosages; it rises by 11 and 18-fold with a
dosage of 10 and 25 mg empagliflozin, re-
spectively (9). Unlike T2DM patients, the ef-
ficacy and safety of empagliflozin remain
poorly established in T1DM patients.
Presently, the FDA does not approve the use
of empagliflozin in TIDM patients (2,12).
The effects of empagliflozin at dosages of
2.5, 10, and 25 mg on T1DM patients have
been tested in several studies (13-17). How-
ever, to our best knowledge, there is no ex-
clusive review article on the efficacy and
safety of empagliflozin in T1DM patients.
The existing review of literature is mainly
concentrated on the holistic application of
SGLT2i drugs (2,3,6,18-30) or limited to a
specific outcome (31). Therefore, this re-
view aims to study the variation in the effi-
cacy and safety of empagliflozin across its
dosages in T1DM patients.

This review used a pre-registered (PROS-
PERO: registration no. CRD42019135844)
(32) and pre-published protocol (33). Its re-
porting followed the preferred reporting
items for systematic reviews and meta-anal-
yses (PRISMA statement, 2009) (34).

1. Study population: T1DM patients aged
>18 undergoing active insulin treatment, ir-
respective of their duration of diabetes. The
T1DM diagnosis and the route of adminis-
tration, dosage, and regimen of insulin ther-
apy were accepted according to the trialists.
2. Study design: Double-blinded randomized
controlled (parallel arm) trials, irrespective
of trial duration and number of treatment
arms, were eligible.

3. Intervention arms: The participants in the
intervention arm received 25 mg em-
pagliflozin once daily.

4. Comparator arm: The comparator arms
received either empagliflozin at a dose of
<25 mg once daily and/or a placebo.

5. Outcomes: The primary efficacy out-
comes of interest were HbAlc level (%),
fasting plasma glucose (FPG) Ilevels
(mmol/L), and urine glucose excreted over
24 h (gm/24 h). The secondary outcomes of
interest included the weekly requirement of
total insulin dosage (U/kg), systolic blood
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pressure (SBP) and diastolic blood pressure
(DBP) (mmHg), body weight (kg), and blood
lipid parameters (mmol/L) such as LDL and
high-density lipoprotein, total cholesterol,
and triglycerides. The primary safety out-
comes of interest included ketoacidosis, uri-
nary tract infection (UTI), Fournier’s
gangrene, amputation of limb/s, kidney
function impairment, bone fracture, infec-
tion of genitals, and adverse effects related
to volume depletion. The secondary safety
outcome of interest was the discontinuation
of the participants from the study due to
side effects. For ketoacidosis, only the es-
tablished cases received consideration.

1. Study design other than that described
above, such as observational studies.

2. Study participants diagnosed with any
other type of diabetes, such as T2DM or ges-
tational DM.

3. T1DM patients treated with any hypo-
glycemic agent besides insulin and em-
pagliflozin.

4. Animal studies.

If more than one article sourced data from
the same study population, as indicated by
matching the trial registration numbers, the
trial that reported the larger number of out-
comes was incorporated.

A search of titles and abstracts of trials ful-
filling the above criteria was performed in
PubMed, Scopus, and Embase, irrespective
of their geographical origin, publication
date, and language. The last database
search was performed on 06-Mar-2021. The
database search strategy used for the
PubMed search is depicted in a supplemen-
tary table (Appendix 1). Besides, the bibli-
ography of the articles read in full-text was
scrutinized for any additional citations. Cita-
tions retrieved by the search of the data-
bases were uploaded in a systematic
reviews software “Rayyan” (35). Then, the
duplicate articles were eliminated, after
which, the titles and abstracts of these cita-
tions were skimmed. Articles that appeared
eligible or potentially suitable for inclusion
based on their abstract were read com-
pletely. The excluded papers were listed,
and reasons for their exclusion are provided.

The study design, population characteristics,
interventions received by participants in dif-
ferent treatment arms, and the reported
outcomes of interest from articles included
in this review were summarized in a pre-pi-
loted form for data abstraction. Subse-
quently, the risk of bias was assessed using
the Cochrane tool (36). The random number
generation method and concealing tech-
nique of the interventions allocated to the
different treatment arms were used to as-
sess the risk of selection bias. The perform-
ance bias was determined by studying the
method used to blind the study personnel
and participants of the interventions allo-
cated to the different treatment arms. By
evaluating the blinding method used for as-
sessors of the outcome, the risk of detection
bias was assessed. Moreover, by studying
the balance and causes of missing outcome
data between the different intervention
arms, the risk of attrition bias was assessed.
The evaluation of reporting bias contrasted
the reported results with the pre-stated no-
tions of the trialists. Any other risk of bias
that did not fit into the above types was cat-
egorized as other risks of bias. Each compo-
nent of the risk of bias was categorized as
low, high, and unclear based on the ob-
served extent of bias.

The authors of this review independently
conducted the database search, study se-
lection, data abstraction, and assessment of
the risk of bias. The authors resolved all
conflicts in opinions through discussion and
mutual consent and did not require any
third-party insight or contact with the trial-
ists.

Due to few available trials (<10), a narra-
tive review was conducted. For efficacy-re-
lated outcomes, the mean changes from the
baseline caused by the corresponding em-
pagliflozin dosages were evaluated com-
pared to placebo. The frequencies of the
safety outcomes were checked across differ-
ent intervention arms. At the end of the trial
period, the outcomes were evaluated. As-
sessments of publication bias and statistical
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No. of search results

Search terms

Search ID No.

1,069

"sodium-glucose cotransport™"[Title/Abstract] OR "sodium glucose cotransport™*"[Title/Abstract] OR "Sodium-Glucose Transporter 2 Inhibitors”
[Title/Abstract] OR SGLT*[Title/Abstract] OR "SGLT2-inhibitors"[Title/Abstract] OR "SGLT2 inhibitors"[Title/Abstract] Empagliflozin[ Title/Abstract]

OR Jardiance[Title/Abstract]

194,213
36,91,256

“insulin-dependent diabetes mellitus”[Title/Abstract] OR “type 1”[Title/Abstract] OR type-1[Title/Abstract] OR “juvenile-onset diabetes”[Title/Abstract]

efficacy[Title/Abstract] OR benefit*[Title/Abstract] OR effective*[Title/Abstract] OR safety[Title/Abstract] OR “adverse event”[Title/Abstract]

OR “side effect”[Title/Abstract] OR tolerance[Title/Abstract]

77,593

"Diabetes Mellitus, Type 1"[Mesh]

14,687

"diabetes mellitus, type 1/drug therapy"[MeSH Terms]

4,426

( "Glucosides/adverse effects"[Mesh] OR "Glucosides/toxicity"[Mesh] )

519

"sodium glucose transporter 2 inhibitors/administration and dosage"[MeSH Terms] OR "sodium glucose transporter 2 inhibitors/adverse effects"[MeSH Terms]

OR "sodium glucose transporter 2 inhibitors/toxicity"[MeSH Terms]

5,420

("Benzhydryl Compounds/administration and dosage"[Mesh] OR "Benzhydryl Compounds/adverse effects"[Mesh] OR "Benzhydryl Compounds/therapy"[Mesh]

OR "Benzhydryl Compounds/toxicity"[Mesh] )

14243

Search IDs combined

1+2

95
35
31

40R5AND 6 OR 1

7 AND 4
5+4

169

Total PubMed search results

heterogeneity were not possible
due to the non-quantitative na-
ture of this review.

The database search yielded 527
publications. After eliminating du-
plicates and skimming through
the titles and abstracts of 428 ar-
ticles, 9 articles were selected for
full-text reading. Of these 9 arti-
cles, 5 were excluded, and the re-
maining (37-40) were included in
this review (Figure 1). The rea-
sons for the exclusion of the
full-text read articles were stud-
ies based on the same trial pop-
ulation that was already
included in this review, the
study population was unclear or
consisted of T2DM patients, and
the lack of a control arm.

Four eligible trials were included
in this review (37-40). These
studies sourced data from 1,870
T1DM patients of 45 countries.
Two of these trials [em-
pagliflozin as an adjunct to in-
sulin therapy (EASE) 2 and 3]
were reported in one research
article (37). The follow-up dura-
tion ranged from 14 to 364
days, with an average of about
134.4 days (37-40). The esti-
mated glomerular filtration rate
(eGFR) among the trial partici-
pants was >60 mL/min/1.73 m?
(38-40). In one trial, <4% of
the patients had an eGFR of <60
mL/min/1.73 m? (37). The pre-
trial HbAlc among the trial par-
ticipants was about 7-10%
(37-40). The EASE 1, 2, and 3
trials were conducted in 2 (Aus-
tria and Germany), 17, and 24
countries, respectively. The trial
by Shimada et al. (39) and Lun-
der et al. (40) was conducted in
Japan and Ljubljana, respec-
tively. The average age of the
trial participants was about 39-
46 years (37-40). The risk of
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Records identified through database
searching
(n=527)

e
4=
g
-]
o
=

(PubMed: 169; Embase: 151; Scopus: 207)

Additional records identified through
other sources
(@=0)

Records after duplicates removed

Screening

Records screened

Records excluded
(=419)

Full-text articles assessed for
Ticibili

Full-text articles excluded,

with reasons
(n=3)

Reasons for exclusion:

Unclear study population:

Studies included in
qualitative synthesis

n=1

Study population: Type 2
diabetes patients: n=1

No control group: n=1

Trial id identical to a trial

Included

Studies included in
quantitative synthesis (meta-
analysis)

already included in the
review: n=1

Figure 1. PRISMA diagram [From: Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group. Preferred Reporting Items
for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009;6(7):e1000097. doi:10.1371/jour-

nal.pmed1000097].

performance and detection bias were un-
clear. The remaining bias components gen-
erally carried a low risk of bias. The salient
features of the trials and the assessment
of their risk of bias are presented in Table
1 and Table 2, respectively.

The trials EASE 1 and 3, and that by Shi-
mada et al. tested 2.5, 10, and 25 mg
dosages (37-39). The EASE 2 trial tested
the 10 and 25 mg dosages (37). The trial
by Lunder et al. tested 25 mg empagliflozin
alone, metformin alone, empagliflozin with
metformin, and placebo, and reported the
following efficacy outcomes of interest -
HbA1lc, SBP, and DBP (40). For each inter-
vention arm, the mean baseline values of
the efficacy outcomes, their mean changes
from the baseline by the end of the trial
period, and the comparison of these
changes between arms receiving dif
ferent dosages of empagliflozin and the
placebo arm are presented in Table 3. The
frequencies of the occurrence of the corre-
sponding safety outcomes are presented in
Table 4.

By the end of the trial period of the EASE 1
and 3 trials and that of Shimada et al., a
dose-dependent decrease in the mean HbA1c
from the baseline was observed in the 2.5,
10, and 25 mg dosages of empagliflozin, and
these changes were statistically different
from the placebo (37-39). Moreover, in the
EASE 2 trial, patients receiving 25 mg of em-
pagliflozin showed a greater drop in the
HbA1c levels than those receiving 10 mg, and
these differences were statistically significant
compared to patients receiving placebo (37).
In the trial by Lunder et al., only the group
receiving a combination of empagliflozin and
metformin showed a statistically significant
change in the HbA1c levels (0.6%) (40).

In both EASE 2 and 3 trials, a dose-depen-
dent decrease in the FPG levels was ob-
served from baseline, which was statistically
significant compared to the placebo (37).
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36

Selection bias

Other bias

Reporting bias

Detection bias Attrition bias

Performance bias

Trial/study

Random sequence generation Allocation concealment

Unclear

Unclear

Low risk

Low risk

Low risk

Low risk

Low risk

EASE 1 (38)
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Unclear
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Low risk

Low risk

Low risk

EASE 2 and 3 (37)
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Low risk
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Authors’ comment: Although the trialists mentioned that participants,
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the precise mechanism of it was unclear

Low risk

Shimada et al., 2018 (39)

Unclear

Unclear

Unclear

Unclear

Low risk

Low risk

Low risk

Lunder et al., 2018 (40)

Authors’ comment: Precise mechanism of random sequence generation and its allocation and blinding of personnel,

participants, and outcome assessors were unclear

'EASE: Empagliflozin as an adjunctive to insulin therapy.

By the end of the EASE 2 trial period,
the decrease in the FPG levels was by
16.1 and 12.7 mg/dL in the groups
administered 25 and 10 mg em-
pagliflozin, respectively (37). In the
EASE 3 trial, the decrease was by
25.6, 18.3, and 13.3 mg/dL in the
groups administered 25, 10, and 2.5
mg empagliflozin, respectively (37).
In the EASE 1 trial, although a dose-
dependent decrease in these levels
was observed compared to baseline,
it was not statistically significant
compared to the placebo (38). In the
trial by Shimada et al., this decrease
was observed across all doses, al-
though it was statistically significant
only in the 25 mg empagliflozin group
(difference in mean change in FPG
compared to placebo:-59.57 mg;
95% confidence interval:-105.65 to -
13.49; p=0.0126) (39).

The EASE 1 trial and that by Shimada
et al. reported an increase in the 24-
hour urine glucose excretion in a dose-
dependent manner, and these changes
were statistically significant compared
to the placebo (39). In participants re-
ceiving empagliflozin at dosages of 2.5,
10, and 25 mg, the average level of
glucose excreted in the urine in 24
hours increased from 13-21 gm to
above 80 gm (38). In the trial by Shi-
mada et al., the baseline excretion
across the different doses of em-
pagliflozin increased from 14-21 gm
(39) to >100 mg by the end of the trial
(39).

A dose-dependent decline in the total
weekly insulin requirement compared to
baseline was observed in participants of
the EASE 1, 2, and 3 trials, as well as in
the trial by Shimada et al., by the end of
the respective trial periods, and this was
sta tistically significant compared to the
pla cebo (37-39).
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Shimada et al., 2018 (39)

EASE 3 (37)

11)

Placebo (n

Lunder et al., 2018 (40)

-not reported; EASE: Empagliflozin as an adjunctive to insulin therapy.

In the EASE 1 trial, a higher decrease
was observed in the participants admin-
istered 10 mg (weekly decrease of 0.10
U/kg) and 25 mg (weekly decrease of
0.09 U/kg) groups, compared to the
group administered 2.5 mg (weekly de-
crease of 0.08 U/kg) empagliflozin (38).
In the EASE 3 trial, the reduction in in-
sulin requirement among participants
administered 25, 10, and 2.5 mg em-
pagliflozin was 0.10, 0.08, and 0.06
U/kg, respectively (37). In the trial by
Shimada et al., this decrease in groups
administered 10 (weekly decrease of
0.17 U/kg) and 25 mg (weekly decrease
of 0.16 U/kg) empagliflozin was higher
than those given a dosage of 2.5 mg
(weekly decrease of 0.15 U/kg) (39).

A dose-dependent decrease in body
weight was observed across all EASE
trials (37,38) and the trial by Shimada
et al. (39), and these reductions were
statistically significant compared to the
placebo.

In the EASE 2 and 3 trials, a dose-de-
pendent decrease in the SBP and DBP
was observed compared to the baseline,
and the decrease was statistically signif-
icant compared to the placebo (37). In
the EASE 1 trial, a decrease in the SBP
and DBP from the baseline was observed
in the 10 mg empagliflozin-treated arm;
however, none of the empagliflozin
dosages produced any statistically sig-
nificant changes from the baseline when
compared to the placebo (38). A small
decrease in the SBP and DBP was ob-
served in the group receiving 10 mg em-
pagliflozin on days 7 & 28 in the study
by Shimada et al. (39). The SBP and
DBP did not change in the study by Lun-
der et al. even after intervention (40).

The lipid profile was reported only in
the EASE 1 trial (38). A slight increase
of 0.3 mmol/L in total cholesterol was
observed in the group treated with 10
mg empagliflozin (38).
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A slight increase in LDL was observed in the
group treated with 10 and 25 mg em-
pagliflozin (0.3 and 0.2 mmol/L, respec-
tively) (38).

The burden of side effects occurring in the
25 and 10 mg empagliflozin treatment arms
in the EASE 2 and 3 trials were reported in
an aggregated form (37).

In the EASE 2 and 3 trials, the highest num-
ber of ketoacidosis cases (4.3%) was ob-
served in recipients of 10 mg empagliflozin.
Among recipients of 25 and 2.5 mg em-
pagliflozin users, this rate was 3.3% and
0.8%, respectively. In EASE 1 trial and that
by Shimada et al., no diabetic ketoacidosis
cases were reported (38,39).

In the EASE 2 and 3 trials, the frequency of
UTI cases in recipients of 2.5, 10, and 25 mg
was 5.4%, 9.6%, and 8.4%, respectively. In
the EASE 1 trial (38), UTI was observed in a
participant receiving 25 mg empagliflozin,
while no UTI cases were recorded in the
Japanese study (39).

The frequency of genital infection increased
in a dose-dependent manner. In the EASE 2
and 3 trials, these frequencies were 5.4%,
12.8%, and 14.3% in the 2.5, 10, and 25
mg empagliflozin treatment, respectively
(37). In the EASE 1 trial, none of the partic-
ipants had a genital infection (38). In the
trial by Shimada et al., one case each was
reported in the groups receiving 2.5 and 25
mg empagliflozin (39).

In the EASE 2 and 3 trials, the frequency of
these side effects increased in a dose-de-
pendent manner. In the 2.5, 10, and 25 mg
empagliflozin treatment arms, these fre-
quencies were 0.4, 2.4, and 3.3%, respec-
tively (37). There were no such events in
the trial by Shimada et al. (39).

Study discontinuation due to side effects
The study discontinuation due to side effects
was relatively low (£3% in EASE 2 and 3 tri-

als) (37) or absent (38,39) among the trials
that reported it.

Limb amputation was performed in a patient
receiving 2.5 mg empagliflozin in the EASE
3 trial. Concerning bone fractures, in the
EASE 2 and 3 trials, 14 events were ob-
served in the 10 mg empagliflozin arm and
5 cases were reported in each of the 2.5 and
25 mg empagliflozin groups (37).

In the EASE 2 and 3 trials, almost 1.2%
(3/241), 4.1% (20/491), and 2.7%
(13/489) of severe hypoglycemia cases
were observed in 2.5, 10, and 25 mg em-
pagliflozin recipients, respectively (37).
However, no such events were reported in
the EASE 1 trial and the study by Shimada
et al. (38,39).

A total of 4 trials sourcing data from 1,870
T1DM patients of 45 nations were included
in this review. In most of the trials, a de-
crease in the HbA1c levels, body weight, and
total weekly insulin dose requirement was
observed compared to baseline in a dose-
dependent manner. Few trials reported a de-
cline in the FPG from the baseline. The
frequencies of the various side effects were
relatively low.

The effects of empagliflozin on SBP and DBP
varied across the studies included herein. In
some studies, a statistically significant de-
cline in these parameters was observed in
different empagliflozin treatment arms,
whereas in others, no such effect was re-
ported. In this regard, a single-arm clinical
trial testing the effects of 25 mg em-
pagliflozin over 8-weeks in T1DM patients
reported a statistically significant decrease
in SBP and no such change in DBP (16).

Several trials reviewed herein reported a de-
crease in the mean HbA1C, FPG, total
weekly insulin requirement, and 24-hour
urine glucose excretion from the baseline
across different empagliflozin dosages,
which was statistically significant compared
to the placebo. A single-arm trial testing the
effect of 25 mg empagliflozin therapy on
these outcomes reported a statistically sig-
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nificant decrease in the effect after 8 weeks
(14). However, we could not find similar sin-
gle-arm trials testing the 2.5 and 10 mg
dosages of empagliflozin on T1DM patients.
Randomized double-blinded placebo-con-
trolled trials testing the effects of 10 and 25
mg empagliflozin administered once-daily in
T2DM patients also reported findings in line
with some of the studies included in our re-
view (41). Notably, a decrease in the SBP,
DBP, and HbA1c levels was reported in this
trial (41).

Regarding ketoacidosis, a recent update on
SGLT2i medications reported its increased
risk when used in T1DM patients (42). How-
ever, this empagliflozin-specific review sug-
gests a minimal risk of ketoacidosis.
Ketoacidosis was reported in 2 (37) of the
four trials analyzing this factor (37-39).
Even in those trials, the occurrence of ke-
toacidosis was minimal (<5% across all
empagliflozin dosages) (Table 4). A recent
meta-analysis suggested that SGLT2i do
not have a dose-response relationship with
the occurrence of diabetic ketoacidosis
(43).

A meta-analysis comparing high- (10 mg)
and low-dose (5 mg) dapagliflozin reported
that the former had a lower risk of UTI (44).
Although such a direct dose-wise meta-
analysis was beyond the scope of our re-
view, no UTI events were observed across
different dosages of empagliflozin in two tri-
als (38,39). In the remaining two trials,
EASE 2 and 3, <10% of the participants in
the respective treatment arms experienced
UTI (37).

Aggregated data from different SGLT2i
drugs tested in T1DM patients suggest that
these drugs increase the risk of genital in-
fection compared to placebo (28). Among
the trials included in this review, genital in-
fections mainly occurred in the EASE 2 and
3 trials (37). For larger dosages of em-
pagliflozin (10 and 25 mg), the number of

genital infection cases was higher than that
of UTI and increased with the dose (37).

The adverse outcomes (i.e., ketoacidosis,
UTI, genital infection, and study discontinu-
ation) reported by EASE 1-3 (37,38) and
Shimada et al. (39) were primarily observed
in the EASE 2 and 3 trial. The possible rea-
son might be that these 2 trials (37) had a
larger sample size and a prolonged inter-
vention duration than the other trials
(38,39).

Due to the restricted nature of this review
to a particular SGLT2i type, empagliflozin,
exploring other variants of SGLT2i and com-
bined SGLT2i and SGLT1i (e.g., sotagliflozin)
were beyond the scope of this review. In this
regard, a recent article (42) on the use of
various SGLTi drugs in T1DM patients re-
ported that SGLT2i leads to a reduction in
the HbA1c levels and body weight. Our re-
view on empagliflozin also suggests the
same.

The key strength of this review is that it ag-
gregated the information on the efficacy and
safety of different empagliflozin doses in
T1DM patients, based on epidemiologically
rigorous evidence, i.e., randomized double-
blinded controlled trials. Besides, the non-
restricted nature of the database search to
any language or geographical boundary
highlights the comprehensiveness of this re-
view. Furthermore, the incorporation of mul-
ticentric trials in this review ensures its
applicability to a diverse population. Despite
these strengths, this review also has a few
weaknesses. Most of the trials (except for
the EASE 2 and 3 trials) had a small sample
size and were unlikely to have high statisti-
cal power. Besides, trials that reported the
safety outcome data limited their reporting
to frequency data only. Therefore, a statisti-
cal comparison with the placebo was not
available. Furthermore, due to the qualita-
tive nature of this review, we could not de-
rive the statistical summaries of the
different efficacy and safety-related out-
comes.
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A dose-dependent decrease in the HbAlc
levels, body weight, and total weekly in-
sulin dose requirement was observed in
most of the randomized controlled trials
testing empagliflozin in TIDM patients. The
occurrence of ketoacidosis, UTI, and study
discontinuation due to side effects was rare
in empagliflozin-treated T1DM patients.
Genital infection predominantly occurred at
higher empagliflozin dosages (i.e., 10 and
25 mg).
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