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Introduction
Type 2 diabetes mellitus (T2DM) is a major and growing cause 
of morbidity and mortality worldwide.1 Despite continued 
advances in the treatments available for T2DM, glycemic control 
is frequently suboptimal.2,3 Because T2DM is characterized by 
multiple metabolic abnormalities, current treatment algorithms 
involving a stepwise approach to the use of combination therapy 
involving agents with complementary modes of action are fre-
quently necessary.4,5 Although metformin remains the preferred 
initial monotherapy for T2DM, unless it is contraindicated or not 
tolerated, the latest treatment algorithm from the American 
Diabetes Association (ADA) recommends initial combination 
therapy when glycated hemoglobin (HbA1c) levels are ≥9.0%.5 
This approach may allow patients to achieve HbA1c targets more 
rapidly than with sequential drug therapy. Similarly, the treat-
ment algorithm issued by the American Association of Clinical 
Endocrinologists and American College of Endocrinology 
(AACE/ACE) states that dual combination therapy is usually 
required and should be initiated when HbA1c levels are ≥7.5%, 
using agents with complementary modes of action.4

Metformin is generally prescribed as first-line pharmaco-
logic therapy in T2DM and both the ADA and AACE algo-
rithms list sodium-glucose cotransporter-2 (SGLT2) inhibitors 
as a suggested option for dual combination therapy.4,5 SGLT2 
inhibitors have a unique mechanism of action which does not 
depend on the presence of insulin or the degree of insulin 

resistance and are suitable for coadministration with all classes 
of glucose-lowering agents.6 Empagliflozin is an SGLT2 
inhibitor that, in common with other agents in this class, 
reduces elevated blood glucose levels by inhibiting SGLT2, the 
predominant transporter responsible for reabsorption of glu-
cose from the glomerular filtrate, thereby increasing urinary 
glucose excretion.6–8 In contrast, although the mechanism of 
action of metformin is not fully understood, its antihyperglyce-
mic effects are thought to arise from the suppression of hepatic 
gluconeogenesis.9 Given the complementary mechanisms of 
action of empagliflozin and metformin,10 combination therapy 
with these 2 drugs has the potential to offer improved glucose 
control compared with that achieved with the individual agents. 
An oral, fixed-dose, single-pill combination of empagliflozin 
and metformin is also available for patients with T2DM, in a 
range of dose combinations to facilitate individualization of 
therapy.11 This approach to therapy can reduce the pill burden 
for patients, leading to a simplified dosing regimen, which may 
assist adherence to therapy,12 and has also been associated with 
improved patient satisfaction with therapy and reduced medi-
cal costs compared with “loose-dose” combinations in patients 
with T2DM.13 This improvement in adherence to therapy may 
ultimately lead to enhanced glycemic control in T2DM.12,14 
Furthermore, growing evidence in support of initial combina-
tion therapy for patients with T2DM irrespective of the HbA1c 
levels given in current treatment guidelines,15 or the use of 
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early intensification of therapy,16,17 suggests an increasing role 
for fixed-dose combinations in the management of T2DM.

In 2016, the Food and Drug Administration (FDA) added a 
new indication for empagliflozin, to reduce the risk of major 
adverse cardiovascular (CV) events in patients with T2DM and 
CV disease (CVD)18 following the publication of EMPA-REG 
OUTCOME (EMPAgliflozin Removal of Excess Glucose: 
Cardiovascular OUTCOME Event Trial in Type 2 Diabetes 
Mellitus Patients) (NCT01131676).19 EMPA-REG 
OUTCOME was a randomized, double-blind trial that 
assessed the effect of empagliflozin (10 mg or 25 mg daily) vs 
placebo, added to standard care, on CV outcomes in 7020 
patients with T2DM and existing CVD over a median follow-
up of 3.1 years. Most (74%) patients in the empagliflozin group 
were also receiving background metformin. Treatment with 
empagliflozin was associated with a 14% relative risk reduction 
(RRR) in the composite outcome of CV death, nonfatal myo-
cardial infarction, or nonfatal stroke; 38% RRR in CV death; 
and 32% RRR in death by any cause.19 The relative risk of hos-
pitalization for heart failure was also reduced by 35%.19 The 
underlying mechanisms for the CV benefits of empagliflozin 
are not fully understood, but changes in arterial stiffness, altera-
tions in cardiac oxygen demand, cardiorenal effects, reductions 
in albuminuria and uric acid, and the established effects of 
SGLT2 inhibitors (eg, lowering glucose, weight and blood pres-
sure [BP]) have been postulated.19 The EMPA-REG 
OUTCOME trial also demonstrated microvascular benefits of 
empagliflozin in terms of slowing the progression of kidney dis-
ease (defined as incident or worsening nephropathy) vs placebo, 
when added to standard care.20 An exploratory analysis of data 
from the EMPA-REG OUTCOME trial indicated that empa-
gliflozin added to standard care is associated with both short- 
and long-term renal benefits, in terms of significant reductions 
in urinary albumin-to-creatinine ratio, in patients with T2DM 
and established CVD.21 These findings are reflected in current 
guidance for diabetes management issued by the ADA22 and 
the AACE/ACE,4 which refer to possible benefits of empagli-
flozin on cardiac and renal outcomes.

In response to the findings of EMPA-REG OUTCOME,19 
the role of empagliflozin in the treatment of T2DM is likely to 
be evaluated in a range of treatment combinations and consid-
ered for use in earlier stages of T2DM. Because metformin23–26 
has also been associated with improvements in CV outcomes, 
combination therapy with empagliflozin might also confer CV 
benefits in patients with T2DM. In view of the potential ben-
efits of dual therapy with empagliflozin and metformin in 
patients with T2DM, in addition to the frequent need for dual 
therapy,4,5 this review will focus on the efficacy and safety of 
empagliflozin/metformin combination therapy.

Data sources and selection

A literature search using the PubMed database was conducted 
to identify articles on combined treatment of T2DM with 

empagliflozin and metformin. The search “empagliflozin 
AND metformin” yielded 127 English-language articles 
( January 9, 2018). The titles and/or abstracts were individually 
reviewed for relevance. Titles were excluded if they were 
review articles, meta-analyses, or pooled analyses (73 articles). 
Articles were also excluded if their primary focus was not on 
empagliflozin therapy in patients receiving metformin or 
reported preclinical research (35 articles). In total, 19 articles 
were selected for inclusion in the review.

Efficacy of the empagliflozin/metformin 
combination

The administration of empagliflozin plus metformin as initial 
combination therapy in patients with T2DM has been evalu-
ated in a dedicated clinical trial,27 in addition to several studies 
of empagliflozin administration as add-on to metformin, 
either alone28–34 or in addition to other agents.35–40 These trials 
are summarized below (Table 1). Because the use of single- 
pill (ie, fixed-dose) combination formulations may improve 
patient adherence to treatment by simplifying complex treat-
ment regimens,12,13 a fixed dose, single-pill combination of 
empagliflozin/metformin has been developed and is available 
in several dose combinations (5 mg/500 mg, 5 mg/1000 mg, 
12.5 mg/500 mg, and 12.5 mg/1000 mg).8 The FDA approval 
of the single-pill combination of empagliflozin and metformin 
was based on pharmacokinetic analyses in healthy subjects that 
compared the single-pill combination with coadministration of 
individual tablets of empagliflozin and metformin.11 Evidence 
of the efficacy of the single-pill combination is available from 
studies in which the 2 agents were coadministered.

Dedicated Empagliflozin/Metformin Combination 
Therapy Study
In a phase 3 study, the efficacy and safety of initial combination 
therapy were evaluated vs the monotherapies in drug-naïve 
patients with HbA1c >7.5% to ≤12.0%.27 At week 24, adjusted 
mean reductions in HbA1c from baseline were significantly 
greater for patients receiving empagliflozin/metformin twice  
daily than those receiving either empagliflozin once daily  
(P < .001) or metformin twice daily (P < .01). Significantly greater 
proportions of patients treated with combination therapy reached 
HbA1c <7.0% at week 24 compared with patients who received 
either agent alone (P < .05 for all comparisons). The reduction in 
adjusted mean body weight from baseline to week 24 in the 
empagliflozin/metformin groups was greater than that achieved 
with either agent alone (P < .001 for all combination groups vs 
both metformin dose groups). In addition, empagliflozin/met-
formin significantly reduced both systolic BP (SBP) and diastolic 
BP (DBP) compared with metformin alone (adjusted mean dif-
ferences in changes from baseline for the combination vs met-
formin alone: −2.8 to −4.0 mm Hg for SBP and −1.9 to 
−2.3 mm Hg for DBP; all comparisons P < .05), but not compared 
with empagliflozin alone. Overall, combination therapy was well 



Goldman	 3
Ta

b
le

 1
. 

S
um

m
ar

y 
of

 s
tu

di
es

 in
 p

at
ie

nt
s 

w
ith

 ty
pe

 2
 d

ia
be

te
s 

m
el

lit
us

 in
cl

ud
ed

 in
 th

is
 r

ev
ie

w
.

S
tud




y
 and




 
citati




o
n

C
linical





 

trial



 

registrati









o

n
 

number








P
hase





B

ackgr






o

und



 

therap








y
T

reatment









 gr


o

ups



 (

N
a )

S
tud




y
 

length






P

rimar





y
 end




 p
o

int


 
(e

x
pl

o
rat


o

r
y

 
end




 p
o

int


 f
o

r
 

e
x

tensi





o
n

 stud





y
)

A
djusted








 

mean





 change








 
in

 H
b

A
1c

 fr


o
m

 
baseline










, %

D
ed

ic
at

ed
 e

m
p

ag
lifl

oz
in

 +
 m

et
fo

rm
in

 in
iti

al
 c

om
b

in
at

io
n

 

In
iti

al
 

co
m

bi
na

tio
n

H
ad

ja
d

j e
t a

l2
7

N
C

T
01

71
9

0
0

3
3

N
on

e
E

m
pa

gl
ifl

oz
in

 1
2.

5 
m

g 
+

 m
et

fo
rm

in
 1

0
0

0 
m

g 
tw

ic
e 

d
ai

ly
 (

n 
=

 1
6

9)
24

 w
k

C
ha

ng
e 

in
 H

bA
1c

 fr
om

 
ba

se
lin

e 
at

 w
ee

k 
24

−
2.

0
8

E
m

pa
gl

ifl
oz

in
 1

2.
5 

m
g 

+
 m

et
fo

rm
in

 5
0

0 
tw

ic
e 

da
ily

 (n
 =

 1
65

)
−1

.9
3

E
m

pa
gl

ifl
oz

in
 5

 m
g 

+
 m

et
fo

rm
in

 1
0

0
0 

tw
ic

e 
d

ai
ly

 (
n 

=
 1

67
)

−
2.

07

E
m

pa
gl

ifl
oz

in
 5

 m
g 

+
 m

et
fo

rm
in

 5
0

0 
m

g 
tw

ic
e 

d
ai

ly
 (

n 
=

 1
61

)
−1

.9
8

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 1

6
4)

−1
.3

6

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 1

6
9)

−1
.3

5

M
et

fo
rm

in
 1

0
0

0 
m

g 
tw

ic
e 

d
ai

ly
 (

n 
=

 1
6

4)
−1

.7
5

M
et

fo
rm

in
 5

0
0 

m
g 

tw
ic

e 
d

ai
ly

 (
n 

=
 1

6
8)

−1
.1

8

O
pe

n
-l

ab
el

 e
m

pa
gl

ifl
oz

in
 1

2.
5 

m
g 

tw
ic

e 
d

ai
ly

 +
 m

et
fo

rm
in

 1
0

0
0 

m
g 

tw
ic

e 
d

ai
ly

 (
n 

=
 5

3)
(N

ot
 r

ep
or

te
d)

E
m

p
ag

lifl
oz

in
 a

d
d

ed
 to

 s
ta

b
le

 m
et

fo
rm

in
 

Tw
ic

e 
d

ai
ly

 v
s 

on
ce

 d
ai

ly
R

os
s 

et
 a

l2
8

N
C

T
01

6
49

29
7

2b
M

et
fo

rm
in

E
m

pa
gl

ifl
oz

in
 5

 m
g 

tw
ic

e 
d

ai
ly

 (
n 

=
 2

19
)

16
 w

k
C

ha
ng

e 
in

 H
bA

1c
 fr

om
 

ba
se

lin
e 

at
 w

ee
k 

16
−

0.
6

6

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 2

20
)

−
0.

6
4

E
m

pa
gl

ifl
oz

in
 1

2.
5 

m
g 

tw
ic

e 
d

ai
ly

 (
n 

=
 2

19
)

−
0.

8
3

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 2

18
)

−
0.

72

P
la

ce
bo

 (
n 

=
 1

07
)

−
0.

2
2

D
os

e 
ra

ng
in

g 
(s

tu
dy

 1
)

R
os

en
st

o
ck

 
et

 a
l3

3

N
C

T
0

07
49

19
0

2
M

et
fo

rm
in

E
m

pa
gl

ifl
oz

in
 1

 m
g 

on
ce

 d
ai

ly
 (

n 
=

 7
1)

12
 w

k
C

ha
ng

e 
in

 H
bA

1c
 fr

om
 

ba
se

lin
e 

at
 w

ee
k 

12
−

0.
0

9

E
m

pa
gl

ifl
oz

in
 5

 m
g 

on
ce

 d
ai

ly
 (

n 
=

 7
1)

−
0.

23

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 7

1)
−

0.
56

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 7

0)
−

0.
55

E
m

pa
gl

ifl
oz

in
 5

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 7

0)
−

0.
49

P
la

ce
bo

 (
n 

=
 7

1)
+

0.
15

O
pe

n
-l

ab
el

 s
ita

gl
ip

tin
 1

0
0 

m
g 

on
ce

 d
ai

ly
 (

n 
=

 7
1)

−
0.

4
5

(C
on

tin
ue

d
)



4	 Clinical Medicine Insights: Endocrinology and Diabetes 

S
tud




y
 and




 
citati




o
n

C
linical





 

trial



 

registrati









o

n
 

number








P
hase





B

ackgr






o

und



 

therap








y
T

reatment









 gr


o

ups



 (

N
a )

S
tud




y
 

length






P

rimar





y
 end




 p
o

int


 
(e

x
pl

o
rat


o

r
y

 
end




 p
o

int


 f
o

r
 

e
x

tensi





o
n

 stud





y
)

A
djusted








 

mean





 change








 
in

 H
b

A
1c

 fr


o
m

 
baseline










, %

Tr
ea

tm
en

t-
na

ïv
e 

(s
tu

dy
 2

)
F

er
ra

nn
in

i 
et

 a
l3

2

N
C

T
0

07
8

9
0

3
5

2b
N

on
e

E
m

pa
gl

ifl
oz

in
 5

 m
g 

on
ce

 d
ai

ly
 (

n 
=

 8
1)

12
 w

k
C

ha
ng

e 
in

 H
bA

1c
 fr

om
 

ba
se

lin
e 

at
 w

ee
k 

12
−

0.
4

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 8

1)
−

0.
5

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 8

2)
−

0.
6

P
la

ce
bo

 (
n 

=
 8

2)
+

0.
1

O
pe

n
-l

ab
el

 m
et

fo
rm

in
 (

n 
=

 8
0)

−
0.

7

F
er

ra
nn

in
i 

et
 a

l3
1  

(o
pe

n
-l

ab
el

 
ex

te
ns

io
n 

of
 

st
ud

y 
1 

an
d 

st
ud

y 
2)

N
C

T
0

0
8

81
53

0
       

N
on

e 
or

 m
et

fo
rm

in
O

pe
n

-l
ab

el
 e

xt
en

si
on

b
 

P
at

ie
nt

s 
re

ce
iv

in
g 

em
pa

gl
ifl

oz
in

 1
0 

m
g 

(n
 =

 2
72

; 
16

6 
as

 a
d

d
-o

n 
to

 m
et

fo
rm

in
)

78
 w

k
(I

n
cl

ud
ed

 c
ha

ng
e 

fr
om

 
ba

se
lin

e 
of

 p
re

ce
di

ng
 

st
ud

y 
to

 w
ee

k 
78

 o
f 

ex
te

ns
io

n 
st

ud
y 

in
 H

bA
1c

)

−
0.

3
4

P
at

ie
nt

s 
re

ce
iv

in
g 

em
pa

gl
ifl

oz
in

 2
5 

m
g 

(n
 =

 2
75

; 
16

6 
as

 a
d

d
-o

n 
to

 m
et

fo
rm

in
)

−
0.

6
3

P
at

ie
nt

s 
re

ce
iv

in
g 

m
et

fo
rm

in
 c

om
pa

ra
to

r 
(n

 =
 5

6)
−

0.
56

P
at

ie
nt

s 
re

ce
iv

in
g 

si
ta

gl
ip

tin
 c

om
pa

ra
to

r 
(n

 =
 5

6)
−

0.
40

E
M

P
A

-R
E

G
 

M
E

T
H

är
in

g 
et

 a
l3

0

N
C

T
01

15
9

6
0

0
3

M
et

fo
rm

in
E

m
pa

gl
ifl

oz
in

 1
0 

m
g 

on
ce

 d
ai

ly
 (

n 
=

 2
17

)
24

 w
k

C
ha

ng
e 

in
 H

bA
1c

 fr
om

 
ba

se
lin

e 
at

 w
ee

k 
24

−
0.

70

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 2

13
)

−
0.

7
7

P
la

ce
bo

 (
n 

=
 2

07
)

−
0.

13

M
er

ke
r 

et
 a

l3
4  

(d
ou

bl
e

-b
lin

d 
ex

te
ns

io
n,

 
E

M
P

A
-R

E
G

 
E

X
T

E
N

D
 

M
E

T
)

N
C

T
01

28
9

9
9

0
     

M
et

fo
rm

in
D

ou
bl

e
-b

lin
d 

ex
te

ns
io

n
≥

52
-w

k 
d

ou
bl

e
-b

lin
d 

ex
te

ns
io

n

(I
n

cl
ud

ed
 c

ha
ng

e 
fr

om
 

ba
se

lin
e 

to
 w

ee
k 

76
 in

 
H

bA
1c

)

 

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 1

73
)

−
0.

7

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 1

52
)

−
0.

8

P
la

ce
bo

 (
n 

=
 1

3
8)

−
0.

1

E
M

P
A

-R
E

G
 

H
2H

-S
U

R
id

de
rs

tr
ål

e 
et

 a
l2

9

N
C

T
01

16
78

81
3

M
et

fo
rm

in
E

m
pa

gl
ifl

oz
in

 2
5 

m
g 

on
ce

 d
ai

ly
 (

n 
=

 7
6

5)
10

4 
w

k
C

ha
ng

e 
in

 H
bA

1c
 fr

om
 

ba
se

lin
e 

at
 w

ee
ks

 5
2 

an
d 

10
4

−
0.

73
/−

0.
6

6

G
lim

ep
ir

id
e 

1-
4 

m
g 

on
ce

 d
ai

ly
 (

n 
=

 7
8

0)
−

0.
6

6/
−

0.
55

(A
t w

ee
ks

 5
2

/1
0

4)

Ta
b

le
 1

. 
(C

on
tin

ue
d)



Goldman	 5

S
tud




y
 and




 
citati




o
n

C
linical





 

trial



 

registrati









o

n
 

number








P
hase





B

ackgr






o

und



 

therap








y
T

reatment









 gr


o

ups



 (

N
a )

S
tud




y
 

length






P

rimar





y
 end




 p
o

int


 
(e

x
pl

o
rat


o

r
y

 
end




 p
o

int


 f
o

r
 

e
x

tensi





o
n

 stud





y
)

A
djusted








 

mean





 change








 
in

 H
b

A
1c

 fr


o
m

 
baseline










, %

E
m

p
ag

lifl
oz

in
 a

d
d

ed
 to

 tr
ea

tm
en

t b
ac

kg
ro

un
d

s 
th

at
 c

ou
ld

 in
cl

ud
e 

m
et

fo
rm

in
 

E
M

P
A

-R
E

G
 

M
E

T
S

U
H

är
in

g 
et

 a
l3

5

N
C

T
01

15
9

6
0

0
3

M
et

fo
rm

in
 a

nd
 s

ul
fo

ny
lu

re
a

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 2

25
)

24
 w

k
C

ha
ng

e 
in

 H
bA

1c
 fr

om
 

ba
se

lin
e 

at
 w

ee
k 

24
−

0.
82

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 2

16
)

−
0.

7
7

 
P

la
ce

bo
 (

n 
=

 2
25

)
−

0.
17

H
är

in
g 

et
 a

l4
0  

(d
ou

bl
e

-b
lin

d 
ex

te
ns

io
n,

 
E

M
P

A
-R

E
G

 
E

X
T

E
N

D
 

M
E

T
S

U
)

N
C

T
01

28
9

9
9

0
     

M
et

fo
rm

in
 a

nd
 s

ul
fo

ny
lu

re
a

D
ou

bl
e

-b
lin

d 
ex

te
ns

io
n

≥
52

-w
k 

d
ou

bl
e

-b
lin

d 
ex

te
ns

io
n

(I
n

cl
ud

ed
 c

ha
ng

e 
fr

om
 

ba
se

lin
e 

to
 w

ee
k 

76
 in

 
H

bA
1c

)

 

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 1

6
3)

−
0.

7

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 1

6
5)

−
0.

7

P
la

ce
bo

 (
n 

=
 1

4
5)

0.
0

E
m

pa
gl

ifl
oz

in
 

an
d 

lin
ag

lip
tin

 
ad

d
-o

n 
to

 
m

et
fo

rm
in

D
eF

ro
nz

o 
et

 a
l3

6

N
C

T
01

42
28

76
3

M
et

fo
rm

in
E

m
pa

gl
ifl

oz
in

 2
5 

m
g

/li
na

gl
ip

tin
 5

 m
g 

(n
 =

 1
3

4)
52

 w
k

C
ha

ng
e 

in
 H

bA
1c

 fr
om

 
ba

se
lin

e 
at

 w
ee

k 
24

−1
.1

9

E
m

pa
gl

ifl
oz

in
 1

0 
m

g
/li

na
gl

ip
tin

 5
 m

g 
(n

 =
 1

3
5)

−1
.0

8

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
(n

 =
 1

40
)

−
0.

62

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
(n

 =
 1

37
)

−
0.

6
6

Li
na

gl
ip

tin
 5

 m
g 

(n
 =

 1
28

)
−

0.
70

Li
na

gl
ip

tin
 a

s 
ad

d
-o

n 
to

 
em

pa
gl

ifl
oz

in
 

an
d 

m
et

fo
rm

in
T

in
ah

on
es

 
et

 a
l3

9

N
C

T
01

7
78

0
49

3
E

m
pa

gl
ifl

oz
in

 1
0 

m
g 

an
d 

m
et

fo
rm

in
Li

na
gl

ip
tin

 5
 m

g 
+

 p
la

ce
bo

 (
n 

=
 1

26
)

24
 w

k
C

ha
ng

e 
in

 H
bA

1c
 fr

om
 

ba
se

lin
e 

at
 w

ee
k 

24
−

0.
5

4

P
la

ce
bo

 (
n 

=
 1

28
)

−
0.

20

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
an

d 
m

et
fo

rm
in

Li
na

gl
ip

tin
 5

 m
g 

+
 p

la
ce

bo
 (

n 
=

 1
12

)
−

0.
58

P
la

ce
bo

 (
n 

=
 1

12
)

−
0.

0
9

E
m

pa
gl

ifl
oz

in
 

as
 a

d
d

-o
n 

to
 

lin
ag

lip
tin

 a
nd

 
m

et
fo

rm
in

S
ø

ft
el

an
d 

et
 a

l41

N
C

T
01

73
47

8
5

3
Li

na
gl

ip
tin

 5
 m

g 
an

d 
m

et
fo

rm
in

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
(n

 =
 1

12
)

24
 w

k
C

ha
ng

e 
in

 H
bA

1c
 fr

om
 

ba
se

lin
e 

at
 w

ee
k 

24
−

0.
6

6

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
(n

 =
 1

10
)

−
0.

56

P
la

ce
bo

 (
n 

=
 1

10
)

0.
14

Ta
b

le
 1

. 
(C

on
tin

ue
d)

(C
on

tin
ue

d
)



6	 Clinical Medicine Insights: Endocrinology and Diabetes 

S
tud




y
 and




 
citati




o
n

C
linical





 

trial



 

registrati









o

n
 

number








P
hase





B

ackgr






o

und



 

therap








y
T

reatment









 gr


o

ups



 (

N
a )

S
tud




y
 

length






P

rimar





y
 end




 p
o

int


 
(e

x
pl

o
rat


o

r
y

 
end




 p
o

int


 f
o

r
 

e
x

tensi





o
n

 stud





y
)

A
djusted








 

mean





 change








 
in

 H
b

A
1c

 fr


o
m

 
baseline










, %

E
M

P
A

-R
E

G
 

P
IO

K
ov

ac
s 

et
 a

l3
8

N
C

T
01

28
9

9
9

0
3

P
io

gl
ita

zo
ne

 ±
 m

et
fo

rm
in

E
m

pa
gl

ifl
oz

in
 1

0 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 1

6
5)

24
 w

k
C

ha
ng

e 
in

 H
bA

1c
 fr

om
 

ba
se

lin
e 

at
 w

ee
k 

24
−

0.
59

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
on

ce
 d

ai
ly

 (
n 

=
 1

6
8)

−
0.

72

P
la

ce
bo

 (
n 

=
 1

6
5)

−
0.

11

K
ov

ac
s 

et
 a

l3
7  

(d
ou

bl
e

-b
lin

d 
ex

te
ns

io
n,

 
E

M
P

A
-R

E
G

 
E

X
T

E
N

D
 P

IO
)

N
C

T
01

21
0

0
01

P
io

gl
ita

zo
ne

 ±
 m

et
fo

rm
in

D
ou

bl
e

-b
lin

d 
ex

te
ns

io
n

≥
52

-w
k 

d
ou

bl
e

-b
lin

d 
ex

te
ns

io
n

(I
n

cl
ud

ed
 c

ha
ng

e 
fr

om
 

w
ee

k 
76

 in
 b

as
el

in
e 

to
 

H
bA

1c
)

 

E
m

pa
gl

ifl
oz

in
 

10
 m

g 
on

ce
 d

ai
ly

 
(n

 =
 1

0
6)

−
0.

61

E
m

pa
gl

ifl
oz

in
 

25
 m

g 
on

ce
 d

ai
ly

 
(n

 =
 1

0
6)

−
0.

70

P
la

ce
bo

 (
n 

=
 9

3)
−

0.
01

E
M

P
A

-R
E

G
 

B
A

S
A

L
R

os
en

st
o

ck
 

et
 a

l4
2

N
C

T
01

01
18

6
8

2b
B

as
al

 in
su

lin
 ±

 m
et

fo
rm

in
 ±

  
su

lfo
ny

lu
re

a
E

m
pa

gl
ifl

oz
in

 1
0 

m
g 

(n
 =

 1
6

9)
78

 w
k

C
ha

ng
e 

in
 H

bA
1c

 fr
om

 
ba

se
lin

e 
at

 w
ee

k 
18

−
0.

6

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
(n

 =
 1

55
)

−
0.

7

P
la

ce
bo

 (
n 

=
 1

70
)

0.
0

E
M

P
A

-R
E

G
 

M
D

I
R

os
en

st
o

ck
 

et
 a

l4
3

N
C

T
01

3
0

62
14

3
M

D
I i

ns
ul

in
 ±

 m
et

fo
rm

in
E

m
pa

gl
ifl

oz
in

 1
0 

m
g 

(n
 =

 1
8

8)
52

 w
k

C
ha

ng
e 

in
 H

bA
1c

 fr
om

 
ba

se
lin

e 
at

 w
ee

k 
18

−
0.

9
4

E
m

pa
gl

ifl
oz

in
 2

5 
m

g 
(n

 =
 1

8
9)

−1
.0

2

P
la

ce
bo

 (
n 

=
 1

8
8)

−
0.

50

A
bb

re
vi

at
io

ns
: H

bA
1c

, g
ly

ca
te

d 
he

m
og

lo
bi

n;
 M

D
I, 

m
ul

tip
le

 d
ai

ly
 in

je
ct

io
ns

.
a R

an
do

m
iz

ed
 a

nd
 r

ec
ei

ve
d 

tr
ea

tm
en

t (
th

es
e 

va
lu

es
 m

ig
ht

 d
iff

er
 fr

om
 th

e 
to

ta
l r

an
do

m
iz

ed
).

b P
at

ie
nt

s 
re

ce
iv

in
g 

em
pa

gl
ifl

oz
in

 1
, 5

, o
r 

50
 m

g 
or

 p
la

ce
bo

 w
er

e 
re

-r
an

do
m

iz
ed

 to
 r

ec
ei

ve
 e

m
pa

gl
ifl

oz
in

 1
0 

or
 2

5 
m

g—
in

cl
ud

ed
 p

at
ie

nt
s 

ar
e 

th
os

e 
w

ho
 r

ec
ei

ve
d 

tr
ea

tm
en

t i
n 

bo
th

 th
e 

in
iti

al
 a

nd
 e

xt
en

si
on

 tr
ia

ls
.

Ta
b

le
 1

. 
(C

on
tin

ue
d)



Goldman	 7

tolerated, and the improvements in glycemic control vs mono-
therapies were achieved without significant increases in the risk 
of hypoglycemia.

Studies where Empagliflozin was Added to Stable 
Metformin
Several studies have evaluated the addition of empagliflozin to 
stable metformin therapy. In a phase 2b study, the efficacy and 
safety of empagliflozin were evaluated in patients with T2DM 
and HbA1c ≥7.0 to ≤10.0% who were receiving metformin.28 
Patients receiving stable-dose metformin were randomized to 
receive add-on treatment with once-daily vs twice-daily empa-
gliflozin. For the primary end point of change in HbA1c from 
baseline at week 16, add-on treatment to metformin with 
empagliflozin twice daily was shown to be noninferior to once-
daily empagliflozin. The adjusted mean difference in change in 
HbA1c from baseline was −0.11% for empagliflozin 12.5 mg 
twice daily vs 25 mg once daily and −0.02% for empagliflozin 
5 mg twice daily vs 10 mg once daily (P < .001 for noninferior-
ity for both comparisons). The proportions of patients with 
HbA1c ≥7.0% at baseline who achieved <7.0% at week 16 were 
similar for twice-daily and once-daily empagliflozin (49.0% 
and 47.6% for empagliflozin 12.5 mg twice daily and 25 mg 
once daily, respectively; P < .001 for each vs placebo; and 36.1% 
and 34.7% for 5 mg twice daily and 10 mg once daily, respec-
tively; P = .014 and P = .022 for each vs placebo; and 25.0% for 
placebo). Changes in body weight from baseline at week 16 
were significantly greater in all empagliflozin treatment groups 
(−3.20 to −2.71 kg) compared with placebo (−0.97 kg; P < .001 
for superiority for all comparisons). Patients in all empagliflo-
zin groups had significantly greater reductions in SBP (−4.2 to 
−2.5 mm Hg) compared with placebo (1.6 mm Hg; P ≤ .002 for 
superiority for all comparisons). Reductions in DBP were also 
significantly greater for empagliflozin 12.5 mg twice daily, 
25 mg once daily, and 5 mg twice daily (−2.6 to −1.6 mm Hg) 
than placebo (0.4 mm Hg; P ≤ .009 for all comparisons), but the 
difference between empagliflozin 10 mg once daily 
(−0.8 mm Hg) and placebo was not statistically significant.

Similar findings were reported in a phase 2 dose-ranging 
study, which randomized 495 patients with T2DM and HbA1c 
>7.0% to ≤10.0% on metformin to receive add-on empagliflo-
zin (1, 5, 10, 25, or 50 mg once daily), placebo, or open-label 
sitagliptin (100 mg once daily) for 12 weeks (study 1).33 
All empagliflozin doses, with the exception of 1 mg, resulted in 
statistically significant reductions in mean HbA1c from base-
line at week 12 compared with placebo (empagliflozin doses 5 
to 50 mg once daily, range −0.23% to −0.56% vs placebo 
+0.15%; P ≤ .001 for all comparisons). The empagliflozin 10, 
25, and 50 mg dose groups showed a similar mean HbA1c 
reduction to sitagliptin (−0.49% to −0.56% vs −0.45%, respec-
tively; P ≤ .0001). Similarly, the proportions of patients with 
HbA1c ≤7.0% at week 12 were significantly higher in the  
empagliflozin 10, 25, and 50 mg dose groups (35.7% to 38.0%; 
P ≤ .01) and the sitagliptin group (33.8%; P ≤ .01) than in the 

placebo group (15.5%). A trend toward a dose-dependent 
reduction in SBP and DBP for empagliflozin was observed, 
with the greatest decrease in the 25-mg group (−8.5 mm Hg 
SBP and −4.2 mm Hg DBP vs −2.2 mm Hg SBP and 
1.0 mm Hg DBP for placebo). A 78-week open-label extension 
of this dose-ranging trial (study 1), plus another 12-week trial 
of empagliflozin monotherapy (5, 10, or 25 mg once daily) vs 
open-label metformin in treatment-naïve patients (no back-
ground metformin) (study 2),32 provided further evidence for 
the efficacy of empagliflozin/metformin combination ther-
apy.31 In the open-label extension trial,31 patients from study 1 
and study 2 who had been randomized to receive empagliflozin 
10 mg or 25 mg continued on the same dose, whereas patients 
who had been randomized to receive empagliflozin 1, 5, or 50 mg 
or placebo were re-randomized to either empagliflozin 10 or 
25 mg for a further 78 weeks. A total of 332 patients received 
empagliflozin (10 or 25 mg) as add-on to metformin. Patients 
from the respective comparator arms (study 1, sitagliptin as 
add-on to metformin and study 2, metformin) continued open-
label treatment for an additional 78 weeks. This extension 
study demonstrated that long-term treatment with empagliflo-
zin 10 or 25 mg plus metformin was associated with sustained 
reductions in HbA1c, body weight, and BP.

The efficacy and tolerability of empagliflozin as add-on to 
metformin in patients with T2DM was assessed in a 24-week 
phase 3 trial (NCT01131676), EMPA-REG MET (EMPA 
gliflozin Removal of Excess Glucose METformin).30 Patients 
with HbA1c levels of ≥7.0% to ≤10.0% while receiving metformin 
were randomized to once-daily empagliflozin (10 or 25 mg)  
or placebo. Both empagliflozin groups had significantly greater 
reductions in HbA1c levels from baseline at week 24 compared 
with placebo (adjusted mean: −0.70% and −0.77% for empagli-
flozin 10 and 25 mg, respectively, vs −0.13% for placebo; 
P < .001 vs placebo for both). Similarly, more patients in the 
empagliflozin groups achieved HbA1c <7.0% at week 24 com-
pared with placebo (37.7% and 38.7% for 10 and 25 mg doses, 
respectively, vs 12.5% for placebo; P < .001 vs placebo for both). 
Adjusted mean changes in body weight were also significantly 
greater in the empagliflozin groups (−2.08 and −2.46 kg for 10 
and 25 mg doses, respectively, vs −0.45 kg for placebo; P < .001 
vs placebo for both). In addition, changes in SBP from baseline 
to week 24 were significantly greater for patients receiving 
empagliflozin 10 mg (−4.5 mm Hg) and 25 mg (−5.2 mm Hg) 
compared with placebo (−0.4 mm Hg; P < .001 vs placebo for 
both). The change in DBP from baseline to week 24 was also 
significantly greater than placebo (no change) for empagliflozin 
10 mg (−2.0 mm Hg; P = .006) and 25 mg (−1.6 mm Hg; 
P = .026). Patients from this trial continued into the ≥52-week 
extension, which demonstrated that both empagliflozin doses 
added to metformin led to sustained and clinically meaningful 
reductions in HbA1c, body weight, and SBP vs placebo.34

The efficacy and safety of empagliflozin as add-on to met-
formin in patients with T2DM have also been compared with 
glimepiride added to metformin in the phase 3 EMPA-REG 
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H2H-SU (Head-to-Head Sulfonylurea) trial 
(NCT01167881).29 Patients with HbA1c concentrations of 
7.0% to 10.0% despite receiving metformin were randomized 
to once-daily empagliflozin 25 mg or glimepiride 1 mg to 4 mg 
as add-on to metformin for 104 weeks. The primary efficacy 
end point was the change in HbA1c from baseline to weeks 52 
and 104. Empagliflozin was noninferior to glimepiride at both 
time points (adjusted mean change from baseline in HbA1c at 
week 52, −0.66% for glimepiride and −0.73% for empagliflozin, 
P < .0001 for noninferiority; at week 104, −0.55% and −0.66%, 
respectively, P < .0001 for noninferiority and P = .0153 for supe-
riority). The proportion of patients who achieved HbA1c <7.0% 
was the same for glimepiride and empagliflozin at week 52 
(39% in both groups) and similar at week 104 (31% and 34%, 
respectively; P = .14). In contrast, there were significant reduc-
tions in body weight for patients receiving empagliflozin, com-
pared with an increase for patients receiving glimepiride at 
weeks 52 (−3.2 vs +1.6 kg, respectively; P < .0001) and 104 
(−3.1 vs +1.3 kg, respectively; P < .0001). Reductions in SBP 
and DBP were also significantly greater for empagliflozin-
treated vs glimepiride-treated patients (adjusted mean SBP 
changes, −3.6 and +2.2 mm Hg, respectively, at week 52, and 
−3.1 and +2.5 mm Hg,  respectively,  at week 104). Corresponding 
adjusted mean changes for DBP were −1.9 and +0.9 mm Hg, 
respectively, at week 52, and −1.8 and +0.9 mm Hg, respectively, 
at week 104; P < .0001 for all comparisons.

Studies where Empagliflozin was Added to 
Metformin Plus Other Agents
Sulfonylurea

The efficacy and tolerability of empagliflozin as add-on to 
metformin plus a sulfonylurea in patients with T2DM was 
investigated in the phase 3 EMPA-REG METSU trial 
(EMPAgliflozin Removal of Excess Glucose METformin plus 
SUlfonylurea) (NCT01159600).35 The patients with T2DM 
with HbA1c ≥7.0% to ≤10.0% on metformin and a sulfonylurea 
were randomized to receive additional once-daily empagliflo-
zin 10 mg (n = 225), 25 mg (n = 216), or placebo (n = 225). The 
adjusted mean changes in HbA1c from baseline to week 24 
were significantly greater for empagliflozin 10 mg (−0.82%) 
and 25 mg (−0.77%) compared with placebo (−0.17%; P < .001 
for both comparisons). A greater proportion of patients 
achieved HbA1c <7.0% at week 24 who were treated with 
empagliflozin 10 mg (26.3%) and 25 mg (32.2%) compared 
with placebo (9.3%; P < .001 for both doses). Adjusted mean 
changes in body weight were greater for patients treated with 
empagliflozin 10 mg (−2.16 kg) and 25 mg (−2.39 kg) com-
pared with placebo (−0.39 kg; P < .001 for both doses). 
Reductions in SBP were greater in patients treated with empa-
gliflozin 10 mg (−4.1 mm Hg) and 25 mg (−3.5 mm Hg) com-
pared with placebo (−1.4 mm Hg; P = .005 and P = .032 vs 
placebo, respectively). Changes in DBP from baseline to week 
24 were not significantly different for empagliflozin and 

placebo-treated patients. A total of 472 patients continued into 
the ≥52-week extension of this trial (NCT01289990) which 
demonstrated that the clinically meaningful reductions in 
HbA1c, body weight, and SBP were sustained through week 
76.40

Linagliptin

The efficacy and safety of combinations of empagliflozin and 
linagliptin as add-on to metformin treatment in patients with 
T2DM with HbA1c >7 to ≤10.5% were assessed in a phase 3 
trial (NCT01422876).36 Patients were randomized and treated 
with empagliflozin 25 mg/linagliptin 5 mg (n = 134), empagli-
flozin 10 mg/linagliptin 5 mg (n = 135), empagliflozin 25 mg 
(n = 140), empagliflozin 10 mg (n = 137), or linagliptin 5 mg 
(n = 128) for 52 weeks. Adjusted mean reductions in HbA1c 
from baseline to week 24 were greater for both empagliflozin 
25 mg/linagliptin 5 mg (−1.19%) and empagliflozin 10 mg/ 
linagliptin 5 mg (−1.08%) compared with monotherapy with 
empagliflozin (−0.62% [25 mg] and −0.66% [10 mg]) or linagliptin 
(−0.70%) as add-on to metformin (P < .001 for all comparisons). 
The HbA1c reductions were sustained through week 52.  
A greater proportion of patients had HbA1c <7.0% at week 52 
who received empagliflozin 25 mg/linagliptin 5 mg (48.0%) 
and empagliflozin 10 mg/linagliptin 5 mg (51.6%) compared 
with empagliflozin monotherapy (25 mg [32.6%] and 10 mg 
[32.0%]) or linagliptin (28.6%) as add-on to metformin (P ≤ .02 
for all comparisons). Adjusted mean reductions in body weight 
from baseline to week 52 were greater for empagliflozin 25 mg/
linagliptin 5 mg (−3.1 kg) and empagliflozin 10 mg/linagliptin 
5 mg (−2.7 kg) compared with linagliptin monotherapy 
(−0.3 kg; P < .001 for both comparisons), but not compared 
with empagliflozin monotherapy (−2.8 kg [25 mg] and −2.9 kg 
[10 mg]). Similarly, adjusted mean changes in SBP from base-
line to week 52 were greater for empagliflozin 25 mg/linaglip-
tin 5 mg (−3.6 mm Hg) and empagliflozin 10 mg/linagliptin 
5 mg (−2.8 mm Hg) compared with linagliptin monotherapy 
(+0.3 mm Hg; P < .05 for both comparisons), but similar to 
empagliflozin monotherapy (−2.8 mm Hg [25 mg] and 
−3.5 mm Hg [10 mg]). Diastolic BP was also reduced from 
baseline to week 52, but the difference between empagliflozin 
25 mg/linagliptin 5 mg (−2.2 mm Hg) and empagliflozin 
10 mg/linagliptin 5 mg (−2.2 mm Hg) compared with linaglip-
tin monotherapy (−0.6 mm Hg) was only of borderline signifi-
cance (P = .05) and was similar to empagliflozin monotherapy 
(−1.9 mm Hg [25 mg] and 1.8 mm Hg [10 mg]).

Two further studies assessed the efficacy and safety of lina-
gliptin vs placebo as add-on to empagliflozin and metformin 
(NCT01778049).39 Patients with HbA1c ≥8.0% to ≤10.5% on 
stable-dose metformin were randomized and received open-
label empagliflozin 10 mg (study 1, n = 352) or 25 mg (study 2, 
n = 354) as add-on therapy for 16 weeks. Patients with HbA1c 
≥7.0% and ≤10.5% were then randomized to add-on double-
blind, double-dummy linagliptin 5 mg or placebo for 24 weeks 
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(study 1, n = 254; study 2, n = 224). At week 24, adjusted mean 
reductions in HbA1c from baseline were greater for patients 
who received empagliflozin 10 mg/metformin and linagliptin 
(−0.53%) compared with placebo (−0.21%; P = .001) and 
empagliflozin 25 mg/metformin and linagliptin (−0.58%) 
compared with placebo (−0.10%; P < .001). A greater propor-
tion of patients had HbA1c <7.0% at week 24 who received 
empagliflozin 10 mg/metformin and linagliptin (25.9%) com-
pared with placebo (10.9%; P < .001) and empagliflozin 25 mg/
metformin and linagliptin (36.0%) compared with placebo 
(15.0%; P < .001). Changes in body weight, SBP, and DBP 
were similar for patients receiving empagliflozin 10 mg/met-
formin and empagliflozin 25 mg/metformin and linagliptin 
compared with placebo.

Pioglitazone

The efficacy and safety of empaglflozin as add-on to pioglita-
zone ± metformin were assessed in the phase 3 EMPA-REG 
PIO trial (NCT01210001 [EMPAgliflozin Removal of 
Excess Glucose PIOglitazone]).38 Patients with HbA1c ≥7.0% 
to ≤10.0% on pioglitazone ± metformin were randomized and 
treated with empagliflozin 10 mg once daily (n = 165), empa-
gliflozin 25 mg once daily (n = 168), or placebo (n = 165) for 24 
weeks. Adjusted mean changes in HbA1c from baseline to 
week 24 were greater for empagliflozin 10 mg (−0.6%) and 
25 mg (−0.7%) compared with placebo (−0.1%; P < .001 for 
both comparisons). A greater proportion of patients had 
HbA1c <7.0% at week 24 who received empagliflozin 10 mg 
(23.8%) and 25 mg (30.0%) compared with placebo (7.7%; 
P < .001 for both comparisons). Patients who received empa-
gliflozin 10 and 25 mg had reductions in body weight from 
baseline to week 24 (−1.62 and −1.47 kg, respectively), whereas 
patients who received placebo had an increase (+0.34 kg; 
P < .001 for both comparisons). Reductions in SBP from base-
line to week 24 were seen in patients who received empagliflo-
zin 10 and 25 mg (−3.1 and −4.0 mm Hg, respectively), whereas 
patients who received placebo had a slight increase 
(+0.7 mm Hg; P < .01 for both comparisons). Similarly, patients 
who received empagliflozin 10 and 25 mg had reductions in 
DBP from baseline to week 24 (−1.5 and −2.2 mm Hg, respec-
tively), whereas patients who received placebo had a slight 
increase (+0.3 mm Hg; P ≤ .01 for both comparisons). Of the 
patients treated in the original study, 305 continued into the 
≥52-week extension (NCT01289990), which demonstrated 
sustained reduction in HbA1c, body weight, and BP compared 
with placebo through week 76.37

These studies provide further evidence that the addition of 
empagliflozin to metformin therapy provides clinically mean-
ingful reductions in HbA1c, SBP, and weight vs placebo.

Safety

Empagliflozin is generally well tolerated but is associated with 
an increased incidence of genital mycotic infection and, to a 

lesser degree, urinary tract infection (UTI).44 There have been 
postmarketing reports of serious UTIs in patients receiving 
SGLT2 inhibitors, including rare but potentially fatal urosepsis 
and pyelonephritis.45 In the studies reviewed, UTIs occurred in 
1.9% to 14.3% of patients who received empagliflozin (10 or 25 mg) 
and metformin.27–31,33,34 Overall, data from empagliflozin clin-
ical trials have shown that the frequency of events consistent 
with UTI is similar for empagliflozin and placebo (approxi-
mately 15% for each) and these events were mild or moderate 
in intensity for approximately 97% of patients, leading to treat-
ment discontinuation in a small proportion of patients (0.6% 
for both empagliflozin 10 mg and 25 mg vs 0.3% for placebo).46 
Adverse events consistent with genital infections were gener-
ally less frequent than UTIs in patients who received empagli-
flozin (10 or 25 mg) and metformin, and the frequency ranged 
from 0.0% to 12.0%.27–31,33–40,41,43 Overall, data from empagli-
flozin clinical trials showed that the frequency of events con-
sistent with genital infection was higher with empagliflozin 
than placebo (6.0% for both the 10 and 25 mg doses vs 1.6% for 
placebo).46 Genital mycotic infections were more common in 
female patients, but treatment discontinuation due to genital 
infection was infrequent (0.6% for empagliflozin 10 mg and 
0.5% for 25 mg vs ≤0.1% for placebo).46

Although metformin is generally well tolerated, without an 
associated risk of weight gain and a low risk of hypoglycemia, 
the most common adverse events relate to gastrointestinal (GI) 
intolerance.47 Gradual dose escalation can minimize the GI 
effects of metformin,8 and extended-release metformin has 
been shown to improve GI tolerability.48 To facilitate individu-
alization of therapy, the empagliflozin/metformin single pill is 
available in both an immediate-release form,8 for twice-daily 
dosing, and extended-release form for once-daily dosing.49

The incidence of hypoglycemic adverse events was low 
(≤4.0%) for patients receiving empagliflozin/metformin in the 
studies reviewed.27-31,33,34 However, the number of hypoglyce-
mic adverse events was higher in patients receiving concomi-
tant sulfonylurea (11.5% to 23.7%)35,40 and multiple daily 
injections of insulin (51.1% to 57.7%)43 with empagliflozin/
metformin. In contrast, the inclusion of linagliptin36,39,41 or 
pioglitazone37,38 in addition to empagliflozin/metformin did 
not increase the risk of hypoglycemia (0.0% to 3.6%).

The prescribing information for metformin and the empa-
gliflozin/metformin single-pill combination have boxed warn-
ings for metformin-associated lactic acidosis.8 However, this 
condition is rare.50 The US labeling for metformin-containing 
products has been updated to indicate that such products may 
be used by patients with T2DM and mild impairment in kid-
ney function, as well as some patients with moderate impair-
ment. Specifically, the empagliflozin/metformin single-pill 
combination is contraindicated in patients with an estimated 
glomerular filtration rate (eGFR) below 45 mL/min/1.73 m2 
due to the metformin component.

Diabetic ketoacidosis (DKA) is a rare adverse event associ-
ated with SGLT2 inhibitor therapy.51 It is possibly associated 
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with patients with type 1 diabetes mellitus who are incorrectly 
diagnosed with T2DM and can occur in the absence of typical 
precipitating factors. In a recent review of the literature, the 
incidence of DKA associated with SGLT2 inhibitor therapy 
was shown to be less than 1/1000 in randomized controlled tri-
als and 1.6/1000 person-years in cohort studies.51 Although 
these DKA episodes can be fatal, such cases represented 1.5% to 
1.6% of all reported cases.51,52 Further research is needed to bet-
ter understand the risks and triggers for this adverse event.51,52

Empagliflozin/Metformin Combination Therapy  
in Clinical Practice
The efficacy and safety of the empagliflozin/metformin  
combination are well understood based on studies of these 
agents, both as individual components and in combination, 
that have shown this combination to be effective and well  
tolerated. The clinical data reviewed here show that the  
empagliflozin/metformin combination therapy has the  
potential to improve glycemic control and reduce body weight 
and BP compared with each agent individually and with a 
manageable risk profile. Furthermore, because of the  
potential benefits of empagliflozin on renal outcomes, the  
empagliflozin/metformin combination might also be suitable 
for patients at risk from declining kidney function, provided 
their eGFR is adequate to permit use of metformin.  
Because the risk of metformin-associated lactic acidosis 
increases with the severity of renal impairment, eGFR should 
be determined before starting treatment and monitored at 
least once a year (more frequently in patients with eGFR, 
<60 mL/min/1.73 m2).8 In addition, physicians should con-
sider factors that might increase the risk of acute kidney injury, 
including hypovolemia, chronic renal insufficiency, chronic 
heart failure, and concomitant medications (eg, diuretics,  
angiotensin-converting enzyme inhibitors, angiotensin II 
receptor blockers, nonsteroidal anti-inflammatory drugs). 
Empagliflozin/metformin combination therapy might need to 
be temporarily discontinued if there is a risk of developing 
hypovolemia (eg, due to acute illness, fasting, GI illness, or 
excessive heat exposure), and patients should be monitored for 
signs of acute kidney injury.8

The findings of the EMPA-REG OUTCOME trial indicate 
that initial empagliflozin/metformin combination therapy could 
be a suitable choice for initial therapy in patients with T2DM 
and established CVD. It is possible that the CV benefits demon-
strated in the EMPA-REG OUTCOME trial will encourage 
the earlier use of combinations involving metformin and empa-
gliflozin in patients with established CVD. The ADA Standards 
of Care notes that empagliflozin can be added to therapy for 
patients who have long-standing, suboptimally controlled T2DM 
and established atherosclerotic CVD.22 The individual compo-
nents of the combination pill have positive outcome data on the 
reduction in CV death, and empagliflozin is indicated to reduce 
the risk of death in adults with T2DM and established CVD.

Conclusions
In conclusion, the single-pill combination of empagliflozin/met-
formin may present a useful treatment option for patients with 
T2DM who are inadequately controlled with metformin and 
need to progress to dual therapy. This option may be particularly 
suitable for patients who would benefit from the additional ben-
efits of modest BP and weight reduction, as well as individuals 
with risk factors for CVD or declining renal function. The sin-
gle-pill combination could also simplify therapy and potentially 
improve clinical outcomes compared with coadministration of 
individual tablets. Additional research is needed to further iden-
tify the advantages of early combination therapy in T2DM and 
to provide guidance on the selection of specific combination 
therapies to meet the individual needs of patients with T2DM.
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