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ABSTRACT
Objective: To determine the efficacy and safety of current maintenance therapies consisting
of different regimens of long-acting b2-agonists (LABA) with inhaled corticosteroids (ICS) in
patients with asthma. Methods: A network meta-analysis (NMA) was conducted after a
comprehensive search for relevant studies in the PubMed, Cochrane Library, and Embase
databases up to January 1, 2017. Randomized clinical trials comparing LABA combined with
ICS in patients with asthma were selected. Results: Seventeen trials were included in the
analysis, comprising 10,961 patients and seven treatment regimens. Our NMA revealed that
there were no statistically significant differences between agents regarding the frequency of
moderate or severe exacerbations. For adverse effects, there were no significant differences
between the included studies. Moreover, six of the results showed no statistically significant
differences between agents regarding symptom-free days. The heterogeneity and inconsist-
ency analysis of the outcomes showed that there were no differences between the regi-
mens. Conclusions: Our findings have shown that there were no statistically significant
differences between the different regimens of LABAþ ICS regarding the frequency of mod-
erate or severe exacerbations, adverse events, and symptom-free days.

ARTICLE HISTORY
Received 30 November 2017
Revised 18 September 2018
Accepted 30 September 2018

KEYWORDS
Asthma; long-acting b2-
agonists; inhaled
corticosteroids; network
meta-analysis

Introduction

Bronchial asthma is a chronic reactive airway disease
characterized by recurrent episodes of wheezing, cough,
and breathlessness, with reversible bronchoconstriction
and remodeling of the airway [1]. World Health
Organization estimates suggest that 300 million people
are affected worldwide, with direct treatment costs and
indirect costs related to lost productivity among the
highest for non-communicable diseases [2].

According to the Global Initiative for Asthma
(GINA), the combination of long-acting b2-agonist
(LABA) and an inhaled corticosteroid (ICS) is the
main treatment modality for stage 3 or 4 asthma
patients, and several meta-analyses have assessed the
efficacy and safety of LABA in combination with ICS
[3,4]. However, there are various LABAs (salmeterol,
formoterol, vilanterol) and ICSs (beclomethasone pro-
pionate, mometasone furoate, ciclesonide, budesonide,
fluticasone furoate, fluticasone propionate), as well as

different treatment regimens containing their combi-
nations for physicians to choose, while evidence on
the benefits of different treatment regimens for
asthma has not been confirmed. The relative safety of
different regimens is also unknown. Therefore, a
large-scale analysis is needed to answer whether there
are differences between the efficacy and safety of dif-
ferent LABAþ ICS regimens.

A network meta-analysis (NMA) is an ideal method
to compare different treatment regimens due to its
good agreement with real-world scenarios [5,6]. NMA
methods enable us to simultaneously compare more
than two interventions in the same analysis of the
same disease, to provide relative effect estimates for all
intervention comparisons (even those for which there
is no direct evidence available), to estimate the prob-
ability that an intervention is the best, and to reduce
uncertainty in the intervention effect estimates [7–9].

Based on the above, the objective of this study was
to perform an NMA to compare the efficacy and
safety of LABAþ ICS treatment regimens that will
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provide assistance to the clinical decision-mak-
ing process.

Methods

Protocol and registration

This protocol has been registered on PROSPERO
(http://www.Crd.York.Ac.uk/PROSPERO/) with the
registration number CRD42017060864 [10].

Search strategy

We systematically searched the PubMed, Embase, and
Cochrane Library databases from their inception
through January 1, 2017. To supplement the sources,
we scanned through the reference lists of the included
studies and relevant reviews. We tracked and searched
those references to find additional studies. The spe-
cific search strategy used on PubMed is presented in
Frame 1.

Frame 1. PubMed search strategy

#1 long-acting[Title/Abstracts] AND beta2[Title/Abstracts] AND
agonist[Title/Abstracts] OR LABA OR salmeterol[Title/Abstracts] OR
formoterol[Title/Abstracts] OR vilanterol[Title/Abstracts]

#2 ("inhalation"[MeSH Terms] OR "inhalation"[Title/Abstracts] OR
"inhaled"[Title/Abstracts]) AND ("adrenal cortex hormones"
[Pharmacological Action] OR "adrenal cortex hormones"
[MeSHTerms] OR ("adrenal"[Title/Abstracts] AND "cortex"[Title/
Abstracts] AND "hormones"[Title/Abstracts]) OR "adrenal cortex
hormones"[Title/Abstracts] OR "corticosteroids"[Title/Abstracts]) OR
ICS[Title/Abstracts] OR beclomethasone propionate[Title/Abstracts]
OR mometasone furoate[Title/Abstracts] OR ciclesonide[Title/
Abstracts] OR Budesonide[Title/Abstracts] OR fluticasone furoate
[Title/Abstracts] OR fluticasone propionate[Title/Abstracts]

Inclusion and exclusion criteria

We used the following inclusion criteria:

1. Type of study
All relevant randomized controlled trials were
included. Studies published in languages other
than English, duplicated studies, or conference
abstracts were excluded.

2. Participants
The participants must have an established diagno-
sis of bronchial asthma of any age, who were tak-
ing LABA/ICS combination therapy. We excluded
trials that contain participants with other chronic
respiratory comorbidities (e.g. chronic obstructive
pulmonary disease or bronchiectasis).

3. Type of intervention
Any regimens of a combination of LABA and ICS
was included, such as budesonide/formoterol
(BUD/F), fluticasone propionate/salmeterol (FP/
S), beclomethasone dipropionate/formoterol
(BDP/F), mometasone furoate/formoterol (MF/F),
fluticasone propionate/formoterol (FP/F), flutica-
sone furoate/vilanterol (FF/VI), or ciclesonide/for-
moterol (CIC/F), regardless of publication status,
duration of administration, or duration of follow-
up. We did not include studies concerning short-
acting b2-agonists combined with inhaled cortico-
steroids (ICS), or montelukastþ LABAþ ICS.

4. Outcomes of interest
1. The frequency of moderate exacerbations,

including decreasing in pulmonary functions,
increased use of rescue medication, nighttime
waking because of asthma symptoms (2 con-
secutive days) or unscheduled visits to or by
a doctor, or severe exacerbations, including
composite outcome of hospitalization/emer-
gency room (ER) visit/oral steroid course.

2. Adverse events, including rates of clinical
and biochemical adverse events, mortality
and life-threatening, requiring inpatient
hospitalization or extension of existing
hospitalization).

3. Symptom-free days.

Data extraction and quality assessment

Two authors independently extracted data from each
study using a standardized data extraction checklist,
which includes study characteristics (e.g. first author’s
name, publication year, country where the study was
conducted), characteristics of study subjects (e.g.
mean age, baseline FEV1, number of participants,
study duration in weeks), treatment details (e.g. type,
dosage, usage), and outcome variables (e.g. the fre-
quency of moderate or severe exacerbations, adverse
events, and the symptom-free days). Two authors
independently evaluated the methodological quality of
the included studies for potential major sources of
bias using the Cochrane Collaboration’s tool for
assessing risk of bias [11], which includes a method of
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, selective reporting of incomplete
outcome data, and other sources of bias. When evalu-
ating the methodological quality of each study, we
assigned, respectively, a low, high, and unclear risk of
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bias to each criterion. Any disagreement was resolved,
if needed, through discussion with another reviewer.

Statistical analyses

For the NMA of each outcome, we drew a network
diagram using the “network plot” command of the
Stata (V.13.0) program to ensure that the included
studies forms a connected network. The lines between
intervention nodes indicate the direct comparisons
made within randomized trials. The width of the lines
is proportional to the number of trials comparing
each pair of interventions, and the size of each node
is proportional to the number of randomly assigned
participants. The missing links between active inter-
ventions reflect the scarcity of direct comparisons.
Bayesian NMA was performed using the Markov
Chain Monte Carlo (MCMC) method in the R
(V.3.3.3) software package. The Bayesian approach has
multiple advantages such as producing results for all
comparisons of interest within a connected network,
calculating the probability that a drug is the best treat-
ment, and adjusting for correlations within multi-arm
trials [12]. The MCMC chain achieves a stable and
good overlap in the calculation process to determine
whether the convergence degree of the model is satis-
factory, where a satisfactory convergence depends on
the number of pre-iterations and iterations [13].
When these numbers of pre-iterations and iterations
are set to 5,000 and 20,000, respectively, the MCMC
chains have reached the stable fusion from the initial
part, the degree of convergence satisfaction. We
assessed dichotomous outcomes and estimated the
treatment effect for each pairwise comparison using
the odds ratio (OR) and a 95% confidence interval
(CI). Because of the feature of Bayesian statistical ana-
lysis, each outcome was a closed loop in the study,
and the node-splitting analysis model was used to
evaluate the degree of inconsistency. The inconsist-
ency was caused by the clinical and methodological
features of the studies included. Significant inconsist-
ency was indicated if node-splitting analysis derived
p< .05. Statistical heterogeneity was investigated with
the I2 statistics and predefined heterogeneity (I2¼ 0
indicates the inconsistency of the results makes no
statistical difference, I2< 50% for low and I2 � 50%
for high). Statistical inconsistency and heterogeneity
detection across studies was presented with a forest
plot. The letters of A, B, C, etc. were used to replace
the corresponding regimens for diagrams. The letter
A is the regimens of the BDP/F, and B is the regimens
of the FP/S. C represents BUD/F. D and E represent

FP/F and MF/F, respectively. FF/VI and CIC/F are
denoted by F and G, respectively. We used the
PRISMA extension [14] to report the results of
the NMA.

Results

Study selection

Figure 1 presents a flow chart illustrating the selection
process of the studies. The electronic searches identified
2,849 studies, of which 902 duplicates were excluded
using the “Find duplicates” function of the Endnote
software, and 1,842 articles were clearly not relevant
after the first screening; 105 studies were retrieved in
full text for in-depth consideration, of which 88 were
excluded. The excluded studies were conference
abstracts (n¼ 52) and non-RCTs (n¼ 4). There were
other studies that did not meet the inclusion criteria
(n¼ 32). Finally, 17 studies [15–31] were included in
our analysis. The references cited in these studies were
examined to find other related studies. However, we did
not find any one from those references.

Characteristics of the included studies

The characteristics of the studies included in the
NMA are presented in Table 1. The studies were pub-
lished between 2005 and 2016, and nearly all were
conducted in Europe. Of the included studies, four
[17,18,20,22] were performed in Poland, two [15,23]
in Italy, two [24,26] in Germany, two [25,31] in
Brazil, one [16] in Argentina, one [19] in China, one
[21] in the USA, one [27] in France, one [28] in
Denmark, one [29] in Canada, and one [30] in
England. The age of the patients was limited to
�12 years old in more than 94% of the studies. The
outcomes of the individual studies were concerned
with the frequency of moderate or severe exacerba-
tions, adverse events, and the symptom-free days,
which were replaced by the abbreviations “a, b, c,”
respectively. The combined sample size across the 17
included studies was 10,961 participants, with a total
of seven treatment regimens: BUD/F, FP/S, BDP/F,
MF/F, FP/F, FF/VI, and CIC/F.

Risk of bias in included studies

We initially assessed the included studies for quality
using the Cochrane Collaboration tool. Figure 2 shows
the methodological quality assessment of the included
studies. Only 11 [15,18–22,25,28–31] studies have
shown specific randomized methods, which was
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deemed low risk. The allocation of patients was con-
cealed in all studies, which was deemed unclear risk.
Twelve trials [15,17–19,21,22,24,26–30] featured
blinded patients and personnel, two trials [16,21] had
blinded outcome assessors, and four trials
[20,24,25,31] were not blinded. About 5% of the stud-
ies were deemed high risk due to incomplete outcome
data reports or selective reporting.

Results of network diagram

We performed an NMA to assess the relative out-
comes of different LABAþ ICS regimens using direct
and indirect comparisons. Figure 3 shows the network
diagram of the comparisons between the different
treatment regimens regarding the outcomes. The first
image I represents six treatment regimens in terms of
the frequency of moderate or severe exacerbations.
The second image II is seven treatment regimens in
terms of the frequency of adverse events. The last one
III concerns symptom-free days. The lines between
treatment regimens nodes indicate the direct

comparisons made within randomized trials. The
width of the lines is proportional to the number of
trials comparing each pair of treatment regimens, and
the size of each node is proportional to the number of
randomly assigned participants. All these different
LABAþ ICS regimens form an FP/S and BUD/F-cen-
tric network diagram. The missing links between
active treatment regimens reflect the scarcity of direct
comparisons.

Effects on the frequency of moderate or severe
exacerbations

The frequency of moderate or severe exacerbations
was assessed in 14 studies [15–23,25,27–30]. The com-
parison of six regimens is presented in Figure 4. The
all odds ratio (OR) ranges were 0.63–1.6 and 95%
confidence interval (CI) 0.12–6.8. There was no differ-
ence in effects between six treatment regimens.
Moderate or severe exacerbations were more frequent
in the FF/VI group compared to other groups, but the
difference did not reach statistical significance.

Records identified through database searching (n =

2,849); PubMed (n = 931); Embase (n = 53);

Cochrane (n = 1,865)

Identified from other sources (n = 0)

902 duplicates were removed using the

Endnote software

1,947 studies were selected for further
evaluation

105 studies were selected for further
evaluation

1,842 studies were excluded after reviewing

the title and abstract because there were no

RCTs or the subjects and interventions were

not related to our study

88 studies were excluded after full text was

screened:

conference abstracts (n = 52); not RCTs (n = 4);

not relevant interventions (n = 8);

not relevant outcomes (n = 15);

insufficient data provided (n = 9)

17 RCTs were included in the network

meta-analysis

Figure 1. Flow chart of the selection process of the studies.

4 Y. TANG ET AL.



Ta
bl
e
1.

Th
e
ch
ar
ac
te
ris
tic
s
of

in
cl
ud

ed
st
ud

ie
s.

St
ud

y
Co

un
tr
y

M
ea
n
ag
e

(y
ea
rs
)

Ba
se
lin
e

FE
V1

St
ud

y
du

ra
tio

n
(w
ee
ks
)

Tr
ea
tm

en
t
I/C

O
ut
co
m
es

To
ta
ln

o.
of

pa
tie
nt
s

M
od

er
at
e

or
se
ve
re

ex
ac
er
ba
tio

ns

N
o.

of
pa
tie
nt
s

(E
xp
/c
on

tr
ol
)

Ad
ve
rs
e

ev
en
ts

N
o.

of
Pa
tie
nt
s

(E
xp
/c
on

tr
ol
)

Sy
m
pt
om

fr
ee

da
ys

To
ta
l

pa
tie
nt

da
ys

(E
xp
/c
on

tr
ol
)

Pa
pi

et
al
.[
15
]

Ita
ly

18
–6
5
ye
ar
s

50
–8
0%

12
BD

P/
F;
10
0/
6
mg

pM
D
I;
bi
d

a
b

22
8

10
11
5

21
11
5

FP
/S
;1

25
/2
5
mg

pM
D
I;
bi
d

18
11
3

16
11
3

Jo
rg
e
et

al
.[
16
]

Ar
ge
nt
in
a

�1
2
ye
ar
s

�5
0%

52
M
F/
F;
10
0/
5
mg

;b
id

a
b

20
9

13
14
1

15
14
1

FP
/S
;1

25
/2
5
mg

;b
id

6
68

8
68

Ku
na

et
al
.[
17
]

Po
la
nd

�1
6
ye
ar
s

�5
0%

24
BU

D
/F
;6

40
/1
8
mg

pe
r

da
y
þ
te
rb
ut
al
in
e

a
b
c

28
54

73
6

94
7

38
7

94
1

81
18
6

FP
/S
;1

00
/5
00

mg
pe
r

da
y
þ
te
rb
ut
al
in
e

71
0

96
6

38
1

96
2

84
18
6

Bo
dz
en
ta
-L
uk
as
zy
k

et
al
.[
18
]

Po
la
nd

�1
2
ye
ar
s

50
–8
0%

12
FP
/F
;2

50
/1
0
mg

;b
id

a
b
c

27
9

1
14
0

29
14
0

87
18
6

BU
D
/F
;4

00
/1
2
mg

;b
id

2
13
9

26
13
9

70
18
6

Jia
ng

-T
ao

et
al
.[
19
]

Ch
in
a

�1
2
ye
ar
s

�5
0%

24
BU

D
/F
;1

60
/4
.5

mg
;t
w
o

ha
la
tio

n;
tw
ic
e
da
ily

a
b

22
2

61
11
1

31
11
1

FP
/S
;5

0/
50
0
mg

;o
ne

in
ha
la
tio

n;
tw
ic
e
da
ily

80
11
1

32
11
1

Em
er
yk

et
al
.[
20
]

Po
la
nd

4–
12

ye
ar
s

�6
0%

12
FP
/F
;1

00
/1
0
mg

;b
id

a
b

21
1

4
10
6

31
10
6

FP
/S
;1

00
/5
0
mg

;b
id

3
10
5

28
10
5

Be
rn
st
ei
n
et

al
.[
21
]

th
e
U
SA

�1
2
ye
ar
s

60
–9
0%

12
M
F/
F;
20
0/
10

mg
;t
w
o

in
ha
la
tio

ns
of

M
F/

FM
D
I;
bi
d

a
b

72
2

21
37
1

29
37
1

FP
/S
;2

50
/5
0
mg

;d
ry

po
w
-

de
r
in
ha
le
r
(D
PI
);
bi
d

20
35
1

29
35
1

Bo
dz
en
ta
-L
uk
as
zy
k

et
al
.[
22
]

Po
la
nd

�1
8
ye
ar
s

40
–8
5%

12
FP
/F
;5

0/
5
mg

;e
ve
ry

12
h;

hy
dr
of
lu
or
oa
lk
an
e
pr
es
-

su
riz
ed

m
et
er
ed
-

do
se

in
ha
le
r

a
b

20
2

14
10
1

16
10
1

FP
/S
;5

0/
25
l
g;

ev
er
y
12

h;
hy
dr
of
lu
or
oa
lk
an
e
pr
es
-

su
riz
ed

m
et
er
ed
-

do
se

in
ha
le
r

13
10
1

13
10
1

Pa
pi

et
al
.[
23
]

Ita
ly

18
–6
5
ye
ar
s

50
–8
0%

12
BD

P/
F;
10
0/
6
mg

pM
D
I;
in

tw
o
in
ha
la
tio

ns
;b

id
a
b
c

21
9

15
10
9

15
10
9

29
84

BU
D
/F
;2

00
/6

mg
D
PI
;i
n

tw
o
in
ha
la
tio

ns
;b

id
10

10
9

18
10
9

25
84

Ki
rs
te
n
et

al
.[
24
]

G
er
m
an
y

18
–6
5
ye
ar
s

�6
5%

4
BD

P/
F;
10
0/
6
mg

;i
n
a

pr
es
su
riz
ed

m
et
er
ed

do
se

in
ha
le
r;
bi
d

b
22

5
11

BU
D
/F
;1

60
/4
.5

mg
;d

ry
po

w
de
r
in
ha
le
r;
bi
d

8
11

Cu
ki
er

et
al
.[
25
]

Br
az
il

12
–6
5
ye
ar
s

�6
0%

12
FP
/F
;2

50
/1
2
mg

;b
id

a
b

19
6

6
96

44
96

BU
D
/F
;4

00
/1
2
mg

;b
id

6
10
0

32
10
0

Ko
rn

et
al
.[
26
]

G
er
m
an
y

12
–7
5
ye
ar
s

60
–8
0%

6
CI
C/
F;
32
0/
9
mg

;b
id

b
16
0

37
81

FP
/S
;2

50
/5
0
mg

;b
id

29
79

(C
on
tin
ue
d)

JOURNAL OF ASTHMA 5



Ta
bl
e
1.

Co
nt
in
ue
d.

St
ud

y
Co

un
tr
y

M
ea
n
ag
e

(y
ea
rs
)

Ba
se
lin
e

FE
V1

St
ud

y
du

ra
tio

n
(w
ee
ks
)

Tr
ea
tm

en
t
I/C

O
ut
co
m
es

To
ta
ln

o.
of

pa
tie
nt
s

M
od

er
at
e

or
se
ve
re

ex
ac
er
ba
tio

ns

N
o.

of
pa
tie
nt
s

(E
xp
/c
on

tr
ol
)

Ad
ve
rs
e

ev
en
ts

N
o.

of
Pa
tie
nt
s

(E
xp
/c
on

tr
ol
)

Sy
m
pt
om

fr
ee

da
ys

To
ta
l

pa
tie
nt

da
ys

(E
xp
/c
on

tr
ol
)

Bo
us
qu

et
et

al
.[
27
]

Fr
an
ce

�1
2
ye
ar
s

�5
0%

24
BU

D
/F
;1

60
/4
.5

mg
;t
w
o

in
ha
la
tio

ns
/t
w
ic
e
da
ily

a
b
c

23
09

10
8

11
51

48
3

11
51

79
16
8

FP
/S
;5

0/
50
0
mg

;i
nh

al
-

at
io
n
of

hi
gh

-d
os
e/

tw
ic
e
da
ily

13
0

11
53

49
4

11
53

80
16
8

D
ah
le

t
al
.[
28
]

D
en
m
ar
k

�1
8
ye
ar
s

�1
2%

24
FP
/S
;5

0/
25
0
mg

;o
ne

in
ha
la
tio

n;
bi
d

a
b
c

13
91

43
6

69
4

38
4

69
4

10
6

16
8

BU
D
/F
;6

/2
00

mg
;t
w
o

in
ha
la
tio

ns
;b

id
45
1

69
7

37
7

69
7

10
0

16
8

Fi
tz
G
er
al
d
et

al
.[
29
]

Ca
na
da

18
–7
0
ye
ar
s

60
–9
0%

52
FP
/S
;o

ne
in
ha
la
tio

n;
50
/

25
0
mg

;b
id

a
b
c

68
8

50
34
4

31
34
4

26
9

36
4

BU
D
/F
;t
w
o
in
ha
la
tio

ns
;6

/
20
0
mg

;b
id

96
34
4

30
34
4

23
6

36
4

W
oo
dc
oc
k
et

al
.[
30
]

En
gl
an
d

�1
2
ye
ar
s

40
–8
5%

24
FF
/V
I;
10
0/
25

mg
;o

nc
e

da
ily

ev
en
in
g

a
b

80
6

8
40
3

20
2

40
3

FP
/S
;2

50
/5
0
mg

;b
id

(m
or
ni
ng

an
d
ev
en
in
g)

12
40
3

17
5

40
3

An
til
la

et
al
.[
31
]

Br
az
il

�1
2
ye
ar
s

>
40
%

12
BU

D
/F
;4

00
/1
2
mg

;
de
liv
er
ed

vi
a
an

Ae
ro
liz
er
VR
-t
yp
e
D
PI

b
24
3

14
82

FP
/F
;2

50
/1
2
mg

;d
el
iv
er
ed

vi
a
a
CD

M
-H
al
er
VR
D
PI

13
76

a T
he

fr
eq
ue
nc
y
of

m
od

er
at
e
to

se
ve
re

ex
ac
er
ba
tio

ns
.

b
Ad

ve
rs
e
ef
fe
ct
s.

c S
ym

pt
om

-f
re
e
da
ys
.

6 Y. TANG ET AL.



The inconsistency of the results makes no statistical
differences (p > 0.05) between direct and indirect
effects of the pair-wise comparisons (Appendix A).
Heterogeneity was analyzed with pair wise meta-anal-
yses, which found no significant heterogeneity (I2¼ 0,
Appendix B).

Effects on adverse events

All trials [15–31] provided data for the analysis of the
adverse events. The all odds ratio (OR) ranges were
0.63–1.6 and 95% confidence interval (CI) 0.28–3.6.
The results showed that none of the treatment

regimens were found to be statistically significantly
different when compared with each other (Figure 5).

The evaluation of inconsistency showed that there
were no statistical differences (p > 0.05, Appendix C)
between direct and indirect effects for many of the
pair-wise comparisons. Heterogeneity was analyzed
with pairwise meta-analyses, which found no signifi-
cant heterogeneity (I2¼ 0, Appendix D).

Effects on symptom-free days

A total of six trials [15,17,18,27–29] including four
different regimens provided an assessment of

Figure 2. Risk of bias in included studies.
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symptom-free days. Figure 6 summarizes the overall
efficacy through symptom-free days. The results
showed that none of the treatment regimens were
found to be significantly different from each other.
The results did not form a closed loop, and thus
inconsistency had not been analyzed. The results of
the evaluation of heterogeneity showed a low level (I2

<50%) with no substantial heterogeneity for many of
the pair-wise comparisons (Appendix E).

Discussion

This is the first systematic review of LABAþ ICS
combinations for patients with asthma, that has used
an NMA method to assess different treatment

regimens and includes indirect comparisons. Over the
past few years, several pair-wise meta-analyses have
been published regarding the outcomes of these stud-
ies [3,4,32]. However, it is notable that these studies
did not distinguish the types of LABAþ ICS regimens.
Every LABAþ ICS regimen has different pharmaco-
logical profiles. Thus, it is unclear from these meta-
analyses which regimens were responsible for the cur-
rent treatment effects. To solve these problems, we
would like to provide further evidence regarding the
efficacy and safety of current LABAþ ICS regimens
for patients with asthma.

Fourteen studies [15–23,25,27–30] were included in
the analysis of the frequency of moderate or severe
exacerbations, and we found no statistically significant

Figure 3. Network plot of evidence for moderate or severe exacerbations (I), adverse effects (II), symptom-free days (III).

Figure 4. Effects on the frequency of moderate or severe exacerbations.
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Figure 5. Effects on adverse events.

Figure 6. Effects on symptom-free days.
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differences between six of the studied treatment regi-
mens. Meanwhile, no significant difference in the
treatment regimens effect was found with respect to
either adverse events or symptom-free days for all
included LABAþ ICS regimens. The heterogeneity
and inconsistency analyses of the outcomes showed
that there was no significant difference between the
regimens. The subgroup analysis was not performed
on different doses and inhalation methods due to the
small number of studies included.

There are several clinical studies on FF/VI and
other regimens. Tamm et al. [33] mentioned four
LABAþ ICS combinations (FP/F, FP/S, BUD/F, BDP/
F) that are commercially available for the treatment of
asthma. However, FF/VI and M/F will be used in the
future instead. A review of clinical trials showed that
FF/VI could effectively reduce the risk and frequency
of severe asthma exacerbations and improve lung
function [34], but the number of randomized con-
trolled studies (RCT) comparing the different regi-
mens directly is insufficient.

Cates and Lasserson [35] have shown that over a
period of 23weeks, the rates of all-cause serious
adverse events were 2.6% on BUD/F and 2.3% on FP/S,
and for asthma-related serious adverse events those
were 0.6% and 0.8%, respectively. However, the research
of Dissanayake et al. [36] showed that FP/F has similar
efficacy and tolerability profiles to BUD/F and FP/S.

We found only six RCTs in which symptom-free
days were assessed, and no statistically significant dif-
ferences were observed among them. Dissanayake
et al. [36] demonstrated that both FP/F and BUD/F
treatment regimens have a similar efficacy regarding
symptom-free days and awakening-free nights. The
tolerability profiles were similar in both treat-
ment groups.

Limitations of the study

This study has some limitations. First, the sample size
of the Kirsten [24] was small, only 22 cases. It can
easily reduce the authenticity of the study. Second,
some studies did not specify the methods of allocation
hiding and blinding, which lead to methodological
quality bias. Third, we were unable to include confer-
ence abstracts and report written in languages other
than English. Besides, some treatment regimens were
excluded because we cannot obtain the full articles or
detailed data at the outcomes, such as oulotetra/ICS,
bambuterol/ICS, or indacaterol/mometasone furoate.
Furthermore, we did not state different inhalers and
recommended individualized regimens for patients. In

addition, there were fewer studies that met the inclu-
sion criteria, and we did not carry out subgroup ana-
lysis. Finally, we did not identify which patients are
being treated with advanced therapies, such as mono-
clonal antibodies for IgE or IL-5 therapies, and it did
not include the type of asthma patients suffer from,
such as allergic asthma. These will be the goal of
future studies.

Conclusions

In summary, based on the results of NMA, the differ-
ences between the seven LABAþ ICS regimens were
not significant. However, evidence is scant, mostly
indirect, and often derived from small trials with an
unclear risk of bias. Therefore, a certain degree of
caution should be taken when interpreting
these results.
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Appendix A

The inconsistency of the frequency of moderate or severe
exacerbations.

Appendix B

The heterogeneity of the frequency of moderate or severe
exacerbations.

Appendix C

The inconsistency of the adverse events.
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Appendix D

The heterogeneity of the adverse events.

Appendix E

The inconsistency of symptom-free days.
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