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Abst rac t

Introduction: -
terol (FP/SAL) for paediatric asthma remains controversial. 
Aim:  
FP/SAL for paediatric asthma.
Material and methods: We have searched PubMed, Embase, Web of science, EBSCO, and Cochrane library data-

Results: Three RCTs are included in the meta-analysis. Overall for paediatric asthma, FP/FORM and FP/SAL dem-

1
 (Std. MD = –0.01; 95% CI: –0.04 to 0.03; p = 0.62), FVC (Std. MD = 0;  

95% CI: –0.07 to 0.06; p = 0.87), FEF25 (Std. MD = –1.69; 95% CI: –6.69 to 3.31; p = 0.51), FEF50 (Std. MD = 0.10; 
95% CI: –0.12 to 0.33; p = 0.37), FEF75 (Std. MD = 0.01; 95% CI: –0.21 to 0.24; p = 0.91), asthma symptom scores 
(Std. MD = –0.03; 95% CI: –0.11 to 0.04; p = 0.43), sleep disturbance scores (Std. MD = 0.03; 95% CI: –0.19 to 0.24; 
p = 0.81) and adverse events (RR = 1.07; 95% CI: 0.83 to 1.38; p = 0.61).
Conclusions: 

Key words: fluticasone propionate/formoterol, propionate/salmeterol, paediatric asthma, randomized controlled 

trials, meta-analysis.

Introduction

Asthma has become one of the most common chron-
ic medical conditions and it is estimated that around  
����NJMMJPO�QFPQMF�HMPCBMMZ�TVÏFS�GSPN�BTUINB��"NPOH�
them, the number in children is gradually increasing [1–3]. 
6OEFSMZJOH�JOËBNNBUJPO�JT�DSVDJBM�GPS�UIF�QBUIPQIZTJPMPHZ�
of asthma, and is associated with bronchial hyper-respon-
siveness, airway obstruction, and respiratory symptoms 
<�
��>��$ISPOJD�JOËBNNBUJPO�BOE�TVCTFRVFOU�TUSVDUVSBM�
changes lead to persistent symptoms and reduced lung 
function [6, 7]. Asthma (GINA) guidelines recommend in-
haled corticosteroid and long-acting 2-agonist (ICS/LABA) 
combinations as the Step 3 controller option in children 
aged 6–11 years [8]. Single-inhaler combination ICS/LABA 
therapy is reported to increase treatment adherence and 

may improve treatment outcomes better than free combi-
nations of ICS and LABA [9, 10]. 

'MVUJDBTPOF�QSPQJPOBUF�JT�BO�FÏFDUJWF�*$4
�BOE�IBT�
TVTUBJOFE�BOUJ�JOËBNNBUPSZ�FÏFDUT��'PSNPUFSPM�GVNB-
rate is the most rapid-acting LABA, and shows the speed 
of onset comparable to the short-acting 2-agonist, 
TBMCVUBNPM��'MVUJGPSN�
�ËVUJDBTPOF�QSPQJPOBUF�BOE�GPS-
moterol fumarate (FP/FORM) combination therapy has 
SFWFBMFE�UIF�FÌDBDZ�GPS�BEVMUT�BOE�PS�BEPMFTDFOUT�XJUI�
mild to severe asthma, and has been approved for use 
in over 30 countries [11–15]. An open-label, randomized, 
controlled, phase III trial involving 211 patients compares 
FP/FORM with FP/SAL in paediatric asthmatic patients, 
and the results show that they have comparable lung 
function improvement and asthma control [16]. 
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Recently, several studies have reported FP/FORM ver-
sus FP/SAL for paediatric asthma have been published, 
CVU�UIFJS�FÌDBDZ�IBT�OPU�CFFO�XFMM�FTUBCMJTIFE�<��q��>��

Aim

With accumulating evidence, we therefore perform 
a systematic review and meta-analysis of randomized 
DPOUSPMMFE�USJBMT�	3$5T
�UP�DPNQBSF�UIFJS�FÌDBDZ�GPS�QBF-
diatric asthma patients.

Material and methods

Ethical approval and patient consent are not required 
because this is a systematic review and meta-analysis of 
previously published studies. The systematic review and 
meta-analysis is conducted and reported in adherence 
to PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) [19].

Search strategy and study selection

Two investigators have independently searched the 
following databases (inception to August 2019): PubMed, 
Embase, Web of science, EBSCO, and Cochrane library da-
tabases. The electronic search strategy is conducted us-
JOH�UIF�GPMMPXJOH�LFZ�XPSET��ËVUJDBTPOF�QSPQJPOBUF
�BOE�
formoterol, and salmeterol, and asthma, and paediatric or 
children. We also check the reference lists of the screened 
full-text studies to identify other potentially eligible trials.

The inclusion criteria are as follows: (i) population: 
patients are diagnosed with paediatric asthma; (ii) inter-
vention treatments are FP/FORM versus FP/SAL; (iii) study 
design is RCT. 

Data extraction and outcome measures

We have extracted the following information: author, 
number of patients, age, female, forced expiratory vol-
ume in 1 s (FEV

1
), inhaled corticosteroid use and detailed 

methods in each group etc. Data have been extracted in-
dependently by two investigators, and discrepancies are 
resolved by consensus. We also contact the correspond-
ing author to obtain the data when necessary. 

The primary outcome is FEV
1
. Secondary outcomes 

JODMVEF�GPSDFE�WJUBM�DBQBDJUZ�	'7$

�GPSDFE�FYQJSBUPSZ�ËPX�
at 25% (FEF25), FEF50, FEF75, asthma symptom scores, 
sleep disturbance scores, and adverse events. 

Quality assessment in individual studies

Methodological quality of the included studies is in-
EFQFOEFOUMZ�FWBMVBUFE�VTJOH�UIF�NPEJÍFE�+BEBE�TDBMF�
[20]. There are 3 items for Jadad scale: randomization 
(0–2 points), blinding (0–2 points), dropouts and with-
drawals (0–1 points). The score of Jadad scale varies from 
0 to 5 points. An article with Jadad score of  2 is con-
sidered to be of low quality. If the Jadad score is  3, the 
study is thought to be of high quality [21].

Statistical analysis

8F�FTUJNBUF�UIF�TUBOEBSE�NFBO�EJÏFSFODF�	4UE��.%
�
with 95% confidence interval (CI) for continuous out-
comes (FEV

1
, FVC, FEF25, FEF50, FEF75, asthma symptom 

scores, and sleep disturbance scores) and risk ratio (RR) 
with 95%CI for dichotomous outcomes (adverse events). 
"�SBOEPN�FÏFDUT�NPEFM�JT�VTFE�SFHBSEMFTT�PG�IFUFSPHF-
neity [22]. Heterogeneity is reported using the I2 statistic, 
and I2�������JOEJDBUFT�TJHOJÍDBOU�IFUFSPHFOFJUZ�<��
���>��
8IFOFWFS�TJHOJÍDBOU�IFUFSPHFOFJUZ�JT�QSFTFOU
�XF�TFBSDI�
for potential sources of heterogeneity via omitting one 
study in turn for the meta-analysis or performing sub-
group analysis. All statistical analyses are performed us-
ing Review Manager Version 5.3 (The Cochrane Collabo-
ration, Software Update, Oxford, UK). 

Results

 Literature search, study characteristics and quality 
assessment

"�EFUBJMFE�ËPXDIBSU�PG�UIF�TFBSDI�BOE�TFMFDUJPO�SF-
TVMUT�JT�TIPXO�JO�'JHVSF����5ISFF�IVOESFE�BOE�ÍGUZ�ÍWF�
QPUFOUJBMMZ�SFMFWBOU�BSUJDMFT�BSF�JEFOUJÍFE�JOJUJBMMZ��'JOBMMZ
�
two full articles and one abstract that meet our inclusion 
criteria are included in the meta-analysis [16–18]. 

The baseline characteristics of the three eligible RCTs 
in the meta-analysis are summarized in Table 1. The three 
studies are published between 2010 and 2018, and sam-
ple sizes range from 202 to 335 with a total of 748. Two 
TUVEJFT�SFQPSU�JOIBMFE�ËVUJDBTPOF�GPSNPUFSPM�	��������H�
bid) versus fluticasone/salmeterol (100/50 µg bid) for 
���XFFLT�<��
���>
�UIF�SFNBJOJOH�BCTUSBDU�SFQPSUT�ËVUJDB-
TPOF�GPSNPUFSPM�	����PS���������H�CJE
�WFSTVT�ËVUJDB-
sone/salmeterol (100 or 250/50 µg bid) for 12 weeks [18]. 

Among the three studies included here, two studies 
report FEV

1
, FVC, FEF25, FEF50, FEF75, asthma symptom 

scores and sleep disturbance scores [16, 17], and three 
studies report adverse events [16–18]. Jadad scores of 
the three included studies vary from 3 to 5, and all three 
studies are considered to be high-quality ones according 
to quality assessment.

Primary outcome: FEV
1

The outcome data are analysed with the random-
FÏFDUT�NPEFM
�BOE�DPNQBSFE�UP�JOIBMFE�'1�4"-�GPS�QBF-
diatric asthma, FP/FORM has a similar impact on FEV

1
 

	4UE��.%���q����������$*��q�����UP�������p�������
�XJUI�OP�
heterogeneity among the studies (I2 ����
�IFUFSPHFOFJUZ�
p�������
�	'JHVSF��
��

Sensitivity analysis

No heterogeneity is observed for the primary out-
comes, and thus we do not perform the sensitivity analy-
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sis by omitting one study in order to detect the hetero-
geneity. 

Secondary outcomes

In comparison with inhaled FP/SAL for paediatric 
asthma, FP/FORM demonstrates a comparable effect 
PO�'7$�	4UE��.%����������$*��q�����UP�������p���������
'JHVSF��

�'&'���	4UE��.%���q����������$*��q�����UP������� 
p���������'JHVSF��

�'&'���	4UE��.%�������������$*��
–0.12 to 0.33; p���������'JHVSF��

�'&'���	4UE��.%��������� 
95% CI: –0.21 to 0.24; p���������'JHVSF��

�BTUINB�TZNQ-
UPN�TDPSFT�	4UE��.%���q����������$*��q�����UP�������p�������� 
'JHVSF��

�TMFFQ�EJTUVSCBODF�TDPSFT�	4UE��.%��������� 
95% CI: –0.19 to 0.24; p���������'JHVSF��
�BOE�BEWFSTF�
FWFOUT�	33�������������$*�������UP�������p���������'JHVSF��
��

Discussion

Low-dose inhaled corticosteroids (ICSs) are highly ef-
fective to decrease the symptoms and the risk of asthma 
exacerbations, and initiation of ICS treatment or in com-
bination with short-acting 2-agonist (SABA) early in 
the disease course is recommended in patients with the 
risk of exacerbations for inhibiting a long-term decline 
in lung function [1, 24–27]. ICS and the long-acting 2-
agonist (LABA) combination treatment is recommended 
for children with uncontrolled asthma after low-dose ICS 
treatment based on the GINA guidelines [8]. 

Addition of LABA to low-dose ICS may result in best 
response than increasing the dose of ICS [28]. Previous Ta
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Figure 1. Flow diagram of study searching and selection 
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studies demonstrate the non-inferiority of FP/FORM 
compared with other ICS/LABA combinations in adoles-
cents and adults with asthma [11, 29, 30]. Two ICS/LABA 
combination therapies are currently used in children, and 
UIFZ�JODMVEF�ËVUJDBTPOF�TBMNFUFSPM�BT�CPUI�B�ESZ�QPX-
der inhaler (DPI) and pressurized metered-dose inhaler 
(pMDI) and budesonide/formoterol DPI [17]. 

Our meta-analysis suggests that FP/FORM and FP/
SAL have comparable lung function, asthma symptom 

scores and sleep disturbance scores in paediatric asth-
ma. There is a modest increase in mean FEV

1
 of 105 ml 

during the extension phase, predicted FEV
1
 remains very 

stable between day 84 and day 252, suggesting that the 
increase in FEV

1
 may be mainly caused by the growth of 

children during the 24-week extension phase [16]. There 
are a low number of patients who experienced asthma 
exacerbations during either FP/FORM or FP/SAL treat-
ment (4 (3.8%) FP/FORM patients and 3 (2.9%) FP/SAL 

Study or subgroup Std. mean SE Weight 

(%) random, 95% CI

Emeryk 2016 –0.031 0.0316 30.4 –0.03 (–0.09, 0.03)

Ploszczuk 2018 0.001 0.0209 69.6 0.00 (–0.04, 0.04)

Total (95% CI) 100.0 –0.01 (–0.04, 0.03)

Heterogeneity: 2 = 0.00, 2 = 0.71, df = 1 (p = 0.40), I2 = 0%

Z = 0.50 (p = 0.62)                                                                            Favours (experimental)         Favours (control)

Study or subgroup Std. mean SE Weight 

(%) random, 95% CI

Emeryk 2016
Ploszczuk 2018

–0.005
–0.004

0.032
0.1157

92.9
7.1

–0.01 (–0.07, 0.06)
0.00 (–0.23, 0.22)

Total (95% CI) 100.0 0.00 (–0.07, 0.06)

Heterogeneity: 2 = 0.00, 2 = 0.00, df = 1 (p = 0.99), I2 = 0%

Z = 0.16 (p = 0.87)                                                                            Favours (experimental)         Favours (control)

Study or subgroup Std. mean SE Weight 

(%) random, 95% CI

Emeryk 2016 –5.4 3.2654 32.2 –5.40 (–11.80, 1.00)

Ploszczuk 2018 0.0628 0.1157 67.8 0.06 (–0.16, 0.29)

 Total (95% CI) 100.0 –1.69 (–6.69, 3.31)

Heterogeneity: 2 = 9.58, 2 = 2.80, df = 1 (p = 0.09), I2 = 64%

Z = 0.66 (p = 0.51)                                                                            Favours (experimental)         Favours (control)

Study or subgroup Std. mean SE Weight 

(%) random, 95% CI

 Emeryk 2016 –4.2 5.3062 0.0 –4.20 (–14.60, 6.20)
Ploszczuk 2018 0.1059 0.1158 100.0 0.11 (–0.12, 0.33)

 Total (95% CI) 100.0 0.10 (–0.12, 0.33)

Heterogeneity: 2 = 0.00, 2 = 0.66, df = 1 (p = 0.42), I2 = 0%

Z = 0.90 (p = 0.37)                                                                            Favours (experimental)         Favours (control)

–0.5 –0.25 0 0.25 0.5

–1 –0.5 0 0.5 1

–20 –10 0 10 20

–20 –10 0 10 20

Figure 2. Forest plot for the meta-analysis of FEV
1

Figure 3. Forest plot for the meta-analysis of FVC (l)

Figure 4. Forest plot for the meta-analysis of FEF25 (l/s)

Figure 5. Forest plot for the meta-analysis of FEF50 (l/s)
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patients), and may show a lower incidence of any exac-
erbation type compared with FP monotherapy [30]. 

FP/FORM has a favourable safety and tolerability 
QSPÍMF�UISPVHIPVU�UIF����XFFL�FYUFOTJPO�QIBTF�JO�QBF-
EJBUSJD�QBUJFOUT
�BOE�TIPXT�OP�FÏFDU�PO�OPSNBM�HSPXUI�
[16, 31, 32]. There is a similar incidence of adverse events 
between FP/FORM and FP/SAL for paediatric asthma in 

this meta-analysis. In addition, 6–12 months of treatment 
with FP/FORM may be associated with a lower incidence 
of severe asthma exacerbations than single-inhaler FP/
SAL and budesonide/formoterol, which may be related to 
the favourable pharmacological/mechanistic characteris-
UJDT�PG�UIF�DPOTUJUVFOU�DPNQPOFOUT��ËVUJDBTPOF�BOE�GPS-
moterol compared to other drugs [32]. This meta-analysis 

Study or subgroup Std. mean SE Weight 

(%) random, 95% CI

Emeryk 2016 4.9 7.6022 0.0 4.90 (–10.00, 19.80)
Ploszczuk 2018 0.0123 0.1157 100.0 0.01 (–0.21, 0.24)

Total (95% CI) 100.0   0.01 (–0.21, 0.24)

Heterogeneity: 2 = 0.00, 2 = 0.41, df = 1 (p = 0.52), I2 = 0%

Z = 0.12 (p = 0.91)                                                                            
Favours (experimental) 

        
Favours (control)

Study or subgroup Std. mean SE Weight 

(%) random, 95% CI

Emeryk 2016 –0.03 0.0408 88.0 –0.03 (–0.11, 0.05)
Ploszczuk 2018 –0.034 0.1104 12.0 –0.03 (–0.25, 0.18)

Total (95% CI) 100.0 –0.03 (–0.11, 0.04)

Heterogeneity: 2 = 0.00, 2 = 0.00, df = 1 (p = 0.97), I2 = 0%

Z = 0.12 (p = 0.91)                                                                            
Favours (experimental)         Favours (control)

–20 –10 0 10 20

  –1 –0.5 0 0.5 1

Figure 6. Forest plot for the meta-analysis of FEF75 (l/s)

Figure 7. Forest plot for the meta-analysis of asthma symptom scores

Study or subgroup Std. mean SE Weight 

(%) random, 95% CI

Emeryk 2016 –0.06 0.0255 61.5 –0.06 (–0.11, –0.01)
Ploszczuk 2018 0.1643 0.1106 38.5 0.16 (–0.05, 0.38)

Total (95% CI) 100.0 0.03 (–0.19, 0.24)

Heterogeneity: 2 = 0.02, 2 = 3.91, df = 1 (p = 0.05), I2 = 74%

Z = 0.24 (p = 0.81)                                                                            
Favours (experimental)

         

Favours (control)

–4 –2 0 2 4

Figure 8. Forest plot for the meta-analysis of sleep disturbance scores

Figure 9. Forest plot for the meta-analysis of adverse events

Study  

or subgroup

FP/FORM group FP/SAL group Weight 

(%)

Risk ratio IV, 

random, 95% CI

Risk ratio IV, random, 95% CI

Events Total Events Total

Bodzenta-Lukaszyk 2010 24 101 24 101 26.5 1.00 (0.61, 1.64)

Emeryk 2016 31 106 28 105 34.4 1.10 (0.71, 1.69)
Ploszczuk 2018 38 168 35 169 39.1 1.09 (0.73, 1.64)

Total (95% CI) 375 375 100.0 1.07 (0.83, 1.38)

Total events 93 87

Heterogeneity: 2 = 0.00, 2 = 0.09, df = 2 (p = 0.95), I2 = 0%

Z = 0.51 (p = 0.61)     Favours (experimental)  Favours (control)

0.1 0.2 0.5 1 2 5 10

Favours (experimental)                Favours (control)
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has several potential limitations. Firstly, our analysis is 
based on three RCTs, and more RCTs with a large sample 
size should be conducted to explore this issue. Next, dif-
ferent doses of drugs and time for drug use may have 
TPNF�JOËVFODF�PO�UIF�QPPMJOH�SFTVMUT��'JOBMMZ
�TPNF�VO-
published and missing data may lead to some bias to 
UIF�QPPMFE�FÏFDU�

Conclusions

FP/FORM and FP/SAL demonstrate similar lung func-
tion improvement and asthma control for paediatric 
asthma. 
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