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ABSTRACT
Objective Asthma often coexists with gastro- oesophageal 
reflux disease (GERD). The effect of proton pump inhibitors 
(PPIs) treatment on asthma concomitant with GERD was 
inconsistent. This study aimed to assess whether PPIs 
treatment improved morning peak expiratory flow (mPEF) 
in asthma patients with GERD.
Data sources PubMed, MEDLINE, EMBASE, Web of 
Science, Cochrane Library and  ClinicalTrials. gov; hand 
searching for reference lists; contacted with authors if 
necessary.
Study selection All eligible trials were randomised 
clinical trials comparing PPIs with placebo in asthma 
patients accompanying with GERD.
Results Fourteen randomised clinical trials (2182 
participants) were included. Overall, PPIs versus placebo 
did not affect mPEF in patients with asthma having GERD 
(weighted mean difference 8.68 L/min, 95% CI −2.02 to 
19.37, p=0.11). Trial sequential analysis (TSA) further 
confirmed this finding (TSA adjusted 95% CI −1.03 to 
22.25). Subgroups analyses based on the percentage of 
patients with symptomatic GERD≥95%, treatment duration 
>12 weeks also found no statistically significant benefit on 
mPEF. Similarly, analyses of secondary outcomes (evening 
PEF, forced expiratory volume in 1 s, asthma symptoms 
score, asthma quality of life score and episodes of asthma 
exacerbation) did not show significant difference between 
PPIs and placebo.
Conclusion In this meta- analysis, PPIs therapy did not 
show a statistically significant improvement on mPEF 
in asthma patients having GERD, neither in subgroup 
with symptomatic GERD nor in subgroup with treatment 
duration >12 weeks. This analysis does not support a 
recommendation for PPIs therapy as empirical treatment in 
asthma patients with GERD.
PROSPERO registration number CRD42020177330.

INTRODUCTION
Asthma is a common chronic respiratory 
disease affecting approximately 300 million 
people worldwide.1 2 Gastro- oesophageal 
reflux disease (GERD) develops when the 
reflux of gastric contents causes irritating 

symptoms or complications, or both.3 GERD 
was considered as a trigger factor for asthma. 
Symptoms and/or diagnosis of GERD 
presented in 30%–90% of patients with 
asthma.4–6 Association between asthma and 
GERD has been extensively described else-
where.7 8 However, evidence of the causal link 
between asthma and GERD remains contro-
versial. Some studies have shown that asthma 
may facilitate the development of GERD by 
the various mechanisms.7 8

Proton pump inhibitors (PPIs) were 
regarded as the cornerstone of antacid 
therapy and have been proved effective in 
empiric treatment of GERD.9 Given that 
GERD may be a risk factor for asthma, many 
randomised controlled trials (RCTs) were 
performed to identify the efficacy of different 
types of PPIs in the asthma patients with 
GERD.10–23 However, the efficacy of PPIs for 
the patients with asthma accompanying with 
GERD has been inconsistent. Previous meta- 
analyses have pooled the results of PPIs on 
asthma outcomes in children and adults, but 
all of them included a small sample size.24–26 

Strengths and limitations of this study

 ► This systematic review strictly followed the method-
ology recommendations of the Cochrane Handbook, 
together with a comprehensive literature search.

 ► This study was carried out in accordance with the 
Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses statement and its study protocol 
was registered on PROSPERO.

 ► We conducted trial sequential analysis in our out-
comes as well as their subgroups analysis.

 ► The current study performed a cumulative meta- 
analysis in all the data.

 ► Some of the unreported raw data were still unavail-
able after making extensive efforts to obtain.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-1044-5284
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-043860&domain=pdf&date_stamp=2021-08-10


2 Zheng Z, et al. BMJ Open 2021;11:e043860. doi:10.1136/bmjopen-2020-043860

Open access 

The most recent systematic review examined the efficacy 
of PPIs treatment for the adults with asthma. However, 
the review only involved morning peak expiratory flow 
(mPEF) in subgroup of asthmatic patients diagnosed with 
GERD, and failed to identify the clinical characteristics of 
this subgroup population.27

Thus, we did a systematic review and meta- analyses 
to compare the effects PPIs versus placebo on asthma 
outcomes in the patients with GERD. Trial sequential anal-
ysis (TSA) was performed to quantify the meta- analysis 
monitoring boundaries and required information size 
(RIS) for primary outcome. Asthma outcomes included 
mPEF (primary outcome), evening peak expiratory flow 
(ePEF), forced expiratory volume in 1 s (FEV1), asthma 
symptoms score, asthma quality of life, episodes of asthma 
exacerbation.

METHOD AND ANALYSIS
The systematic review and meta- analyses were carried 
out in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses statement. The 
protocol has been registered with International Prospec-
tive Register of Systematic Reviews (PROSPERO).

Eligibility criteria
Types of study
All randomised clinical trials of PPIs in the patients 
with asthma and GERD were included. The eligible 
randomised trials were required to report at least one 
clinical asthma outcome of interest.

Types of participants
Participants with asthma and GERD were eligible for inclu-
sion. There were no restrictions regarding age, gender 
and ethnicity. Asthma was diagnosed according to doctor’s 
diagnosis, reported ongoing asthma- related symptoms, 
evidence of objective measures of lung function. GERD 
diagnosis based on doctors’ diagnosis, reported clinical 
symptoms of GERD and objective documentation.

Types of intervention and control
Trials comparing beneficial and harmful effects of PPIs 
with those of placebo were eligible. This review was 
restricted to studies with treatment duration of at least 
4 weeks.27 No restrictions were imposed on drug dosage 
and types of PPIs which contained omeprazole, lansopra-
zole, pantoprazole, esomeprazole and rabeprazole. We 
excluded the trials that focused on the intervention with 
combination of PPIs and other antacids or gastrointes-
tinal motility regulators.

Outcome measures
This review evaluated the following outcomes: mPEF, 
ePEF and FEV1, which were commonly used as evidence of 
variable expiratory airflow obstruction. Other outcomes 
included asthma symptoms score (validated question-
naires of all types), asthma quality of life (validated 

instruments of all types), episodes of asthma exacerba-
tion and adverse events.

Information sources and search
A systematic search for evidence on the efficacy of PPIs 
on patients with asthma was performed through elec-
tronic databases, citation search based on reference 
lists and hand searching of main relevant journals. We 
did a search in PubMed, EMBASE, Web of Science, 
Cochrane Library and  ClinicalTrials. gov dating from 
inception to 18 March 2020. No restrictions were 
imposed on language, publication date, publication 
type or publication status. The search terms and 
search strategies for all databases were described in 
online supplement 1.

Study selection
Two reviewers (ZZ and YL) independently screened titles 
and abstracts according to the eligibility criteria in an 
unblinded, standardised manner. Reviews, letters, edito-
rials, case studies, non- human studies, study protocols, 
non- English- language abstract were excluded during 
this process. The assessments of eligible full- text articles 
were carried out independently by two reviewers (ZZ 
and YL). Disagreements between reviewers were resolved 
by consensus or referred to a third reviewer (JG) for 
resolution.

Data extraction
Two independent reviewers (ZZ and YL) extracted data 
from each eligible study by using a predesigned extraction 
form. Discrepancies were resolved by consensus or by 
involvement of a third author (JG). Items of characteris-
tics of included studies were described in online supple-
ment 1. We contacted the corresponding authors for 
outcomes data if required.

Risk of bias in individual studies
Two independent reviewers (ZZ and YL) evaluated risk 
of bias according to version 5.1.0 of Cochrane Hand-
book for Systematic Review of Interventions. An agree-
ment was reached by discussion or by consultation with 
a third review author (JG). The domains of evaluation 
for all the outcomes were selection bias, performance 
bias, detection bias, attrition bias, reporting bias and 
other bias. Each potential source of bias was consid-
ered as either ‘high risk’, ‘low risk’ or ‘unclear risk’.

Statistical analysis
The weighted mean difference /standardised mean 
difference (SMD) and 95% CIs were calculated for 
continuous outcomes. The relative risk with 95% CIs 
was calculated for dichotomous outcomes. Predefined 
subgroup analysis was undertaken in accordance with 
patients aged 18 years and older or patients younger 
than 18 years, the percentage of subjects with symp-
tomatic GERD≥95%, treatment duration (≤12 weeks 
vs >12 weeks) and types of PPIs (omeprazole, panto-
prazole, lansoprazole, esomeprazole). Given the 

https://dx.doi.org/10.1136/bmjopen-2020-043860
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anticipated variability among patient characteristic 
and study design, a random effects model with 95% 
CIs was used in the forest plots (RevMan V.5.3). Statis-
tical heterogeneity was quantified using I2 statistic, 
with I2 cut- off value of 25%, 50% and 75% to quan-
tify low, moderate and high thresholds, respectively. 
We adopted cumulative meta- analysis in all the data 
and conducted sensitivity analysis and Egger’s test to 
identify data stability and publication bias, respectively 
(StataSE V.12.0). TSA (V.0.9.5.10 Beta) was performed 
in mPEF and ePEF to quantify meta- analysis moni-
toring boundaries and RIS using parameters of mean 
difference of mPEF=20 L/min, estimate variance from 
the meta- analysis of PEF data, α at 0.05, power of 80%, 
and I2 value of 0%.

Patient and public involvement
There was no patient or public involvement in this study.

RESULTS
Study selection and characteristics
The search strategy yielded 2005 abstracts, of which 49 
abstracts were retrieved and under full- articles assessment 
for eligible articles. All studies conducted lasted for more 
than 4 weeks. Of these trials, 14 RCTs were included, 6 
of which were cross- over studies,10–12 14 15 20 and 8 were of 
a parallel design.13 16–19 21–23 The flow diagram for study 
inclusion is described in figure 1. Table 1 and online 
supplemental table 1 summarise the characteristics of 
the included studies (2182 participants) and the char-
acteristics of the subjects, respectively. Of the 14 eligible 
trials, 12 included subjects aged ≥18 years, while only 2 
aimed at patients aged <18 years (ranged from 6 to 17 
years old).17 23 Mild to severe asthmatics were included. 
The severity of GERD was reported inconsistently among 
the trials. Symptoms of heartburn, regurgitation and 
dysphagia were the common presentations of GERD 
reported in most studies. The percentage of the subjects 

Figure 1 Flow diagram of identification of eligible studies for inclusion.

https://dx.doi.org/10.1136/bmjopen-2020-043860
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with symptomatic GERD was greater than 95% in eight 
studies, of which six studies reported 100%.10 11 14 17 20 22

Risk of bias within studies
Each study was assessed in accordance with the Cochrane 
risk of bias tool (figure 2).28 Double- blinding method 
was adopted in all studies except one trial which used a 

single- blinding fashion.20 Three trials were supported by 
pharmaceutical companies.16 18 22

Outcomes
Fourteen included studies investigated PPIs therapy on 
patients with asthma and GERD (2182 patients). Asthma 
outcomes were reported inconsistently among studies, 
leading to limitation of meta- analysis (table 2). All studies 
reported one or more outcomes of lung function.

Primary outcome
Morning PEF
Only one of the studies with data available found a signif-
icant improvement on mPEF.19 Eight studies containing 
nine groups were included in meta- analysis (1886 
subjects). Among the nine groups, eight showed improve-
ment in asthma symptoms,10 12 13 16 18–20 22 but only one 
group did not cross the neutral (zero) line.19 The overall 
analysis found no statistically significant benefit on mPEF 
with PPIs treatment (8.68 L/min, 95% CI −2.02 to 19.37, 
p=0.11). Heterogeneity was absent (I2=0%; p=0.73) 
(figure 3A). TSA showed a heterogeneity adjusted 
RIS of 1240 patients without the cumulative Z curve 
crossing boundaries for benefit or harm (TSA adjusted 
95% CI −1.03, 22.25), suggesting that PPIs may not show 
benefit on mPEF of the patients with asthma and GERD 
(figure 4A). No publication bias reported in mPEF, and 
the sensitivity analysis confirmed the robustness of these 
findings (online supplemental figure 1).

A subgroup was performed according to the percentage 
of subjects with symptomatic GERD≥95% (1253 partici-
pants). Of eight eligible studies, five reported available 
data for meta- analysis.10 12 16 20 22 No statistically significant 
effect was found for mPEF in this subgroup (7.07 L/min, 
95% CI −6.56 to 20.69, p=0.31) (figure 3B). TSA showed 
that only 1158 (79%) of the heterogeneity adjusted RIS 
of 1470 patients were calculated. However, the cumulative 
Z curve crossed the boundaries for futility (TSA adjusted 
95% CI −5.94 to 25.58) (figure 4B).

Next, we conducted subgroups analysis based on dura-
tion of PPIs treatment (duration ≤12 weeks with a popu-
lation of 164 vs >12 weeks with 1722 participants). No 
statistically significant benefit was demonstrated in both 
subgroups (duration ≤12 weeks: 23.06 L/min, 95% CI 
−3.40 to 49.51, p=0.09, p=0.43; duration >12 weeks: 
5.87 L/min, 95% CI −5.83 to 17.56, p=0.33) (figure 3C). 
Then we conducted TSA in the subgroup with duration 
>12 weeks. TSA did not alter the efficacy on mPEF with a 
PPIs treatment duration >12 weeks (TSA adjusted 95% CI 
−4.99 to 20.50) (figure 4C).

Also, three subgroups meta- analyses based on types of 
PPIs did not show statistically significant treatment benefit 
(omeprazole: 88 subjects, 4.65 L/min, 95% CI −35.43 to 
44.72, p=0.82; lansoprazole: 251 subjects, 29.18 L/min, 
95% CI −23.21 to 81.56, p=0.27; esomeprazole: 1547 
subjects, 5.91 L/min, 95% CI −7.02 to 18.84, p=0.37) on 
mPEF (figure 3D).

Figure 2 Risk of bias summary displaying review authors’ 
judgements about each risk of bias item for each included 
study.

https://dx.doi.org/10.1136/bmjopen-2020-043860
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We carried out a cumulative meta- analysis of the effect 
of PPIs on the mPEF and its subgroups analysis based 
on the data of publication. However, the effect of PPIs 
remained unchanged (online supplemental figure 2).

Secondary outcomes
Evening PEF
Ten trials reported ePEF of the subjects with asthma 
and GERD, of which two trials demonstrated statistically 
significant improvement on ePEF.12 18 Of these 10 trials, 
6 studies provided information and were included in the 
meta- analyses (901 participants).10 12 16 18–20 Meta- analysis 
did not show statistically significant effect on ePEF 
(5.58 L/min; 95% CI −8.19 to 19.36, p=0.43) (figure 5A). 
TSA showed that the cumulative Z curve crossed bound-
aries for futility, suggesting no statistically significant 
improvement on ePEF with PPIs therapy (TSA adjusted 
95% CI −6.87 to 25.35). No publication bias reported 
in ePEF, and the sensitivity analysis showed solid results 
(online supplemental figure 3A).

No statistically significant benefit was showed on ePEF 
by subgroups analyses of the studies in accordance with 
the percentage of subjects with symptomatic GERD≥95%, 
length of PPIs treatment and types of PPIs (online supple-
mental figure 3B).

Forced expiratory volume in 1 s
Three studies with a population of 640 provided infor-
mation of FEV1 % predicted,12 18 19 and only two with 

237 participants provided available data of FEV1 (L),13 16 
which were included in analyses, respectively. At the anal-
ysis of FEV1 % predicted, no therapy effect was found 
on the patients with PPIs use (−1.25%, 95% CI −4.9 to 
3.00, p=0.56) (figure 5B1). Heterogeneity was substan-
tial (I2=61%; p=0.05). The analysis of the two studies 
may not demonstrated a benefit on the FEV1 (L) in the 
patients with PPIs therapy (−0.09 L, 95% CI −0.28 to 0.10, 
p=0.36)(figure 5B2). No publication reported in FEV1 % 
predicted, the sensitivity analysis showed robust results 
(online supplemental figure 4).

Asthma symptoms score
Six studies reported information of asthma symp-
toms score and were included in meta- analysis (371 
participants).10 13 16 17 19 20 Five of six trials included the 
patients aged older than 18 years (335 participants). The 
subgroup of adults showed no statistically significant 
effect on asthma symptoms score with PPIs treatment 
(SMD −0.30, 95% CI −0.61 to 0.01, p=0.06, heterogeneity 
I2=32%, p=0.21). However, the analysis found a small 
statistically significant improvement on asthma symptoms 
score (SMD −0.26, 95% CI −0.52 to –0.01, p=0.04), when 
we pooled the studies in adults and those in children. 
Heterogeneity was low (I2=19%, p=0.29) (figure 5C). No 
publication reported in asthma symptoms score, and the 
sensitivity analysis showed that the results were robust 
(online supplemental figure 5).

Table 2 Summary of results of proton pump inhibitors treatment on asthma outcomes

Trials
mPEF, 
L/min

ePEF, 
L/min FEV1, L

FEV1 %, 
pred

Asthma 
symptom score AQLQ

Episodes of asthma 
exacerbation

Ford et al10 – – NA NA – NA NA

Meier et al11 NA NA – NA – NA NA

Teichtahl et al12 – + NA – NA NA NA

Boeree et al13 – – – NA – NA NA

Levin et al14 + – – NA NA + NA

Kiljander et al15 – – +* NA + NA NA

Littner et al16 – – – – – + +

Størdal et al17 NA NA – NA – – NA

GERD+/NOC−,
Kiljander-1 2006

– – NA – – – NA

GERD+/NOC*
Kiljander-2 2006

+ + NA – – – NA

dos Santos et al19 – – NA – – + NA

Susanto et al20 + – NA NA + NA NA

Mastronarde et al21 – NA – NA – – NA

Kiljander et al22 – – +   – + +

Holbrook et al23 NA NA – NA NA – NA

+, significant therapy effect; –, not significant therapy effect.
*Decline during omeprazole use.
AQLQ, Asthma Quality of Life Questionnaire; ePEF, evening peak expiratory flow; FEV1, forced expiratory volume in 1 s; mPEF, morning peak 
expiratory flow; NA, not available; pred, predicted.

https://dx.doi.org/10.1136/bmjopen-2020-043860
https://dx.doi.org/10.1136/bmjopen-2020-043860
https://dx.doi.org/10.1136/bmjopen-2020-043860
https://dx.doi.org/10.1136/bmjopen-2020-043860
https://dx.doi.org/10.1136/bmjopen-2020-043860
https://dx.doi.org/10.1136/bmjopen-2020-043860
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Figure 3 (A) Forest plot for morning peak expiratory flow (mPEF). (B) Forest plot for mPEF in subgroup of the percentage 
of subjects with symptomatic gastro- oesophageal reflux disease ≥95%. (C) Forest plot for mPEF in subgroups of treatment 
duration ≤12 weeks and >12 weeks. (D) Forest plot for mPEF in subgroups of different types of proton pump inhibitors. PPIs, 
proton pump inhibitors.



10 Zheng Z, et al. BMJ Open 2021;11:e043860. doi:10.1136/bmjopen-2020-043860

Open access 

Asthma quality of life
Four eligible studies were included for meta- analysis (853 
subjects).16 18 19 23 The result showed no overall effect on 
the asthma quality of life (SMD 0.01, 95% CI −0.44 to 
0.47, p=0.96). Heterogeneity was substantial (I2=89%, 

p<0.00001) (figure 5D). No publication bias was reported 
in this outcome (p=0.588), but sensitivity analysis showed 
the results were unstable (online supplemental figure 6). 
Therefore, the pooled result for asthma quality of life had 
limited meaning.

Episodes of asthma exacerbation
Only two studies including 1167 patients provided infor-
mation of episodes of asthma exacerbation and showed an 
improvement in this variance.16 22 However, no effect was 
showed in meta- analysis (relative risk 0.55, 95% CI 0.21 
to 1.43, p=0.22). Heterogeneity was substantial (I2=81%, 
p<0.02) (figure 5E).

Cumulative meta- analysis was performed in all the 
data of secondary outcomes. Similarly, except a minor 
improvement on asthma symptoms score, it was likely 
that no significant effect was found on ePEF, FEV1 % 
predicted, asthma quality of life and episodes of asthma 
exacerbation with the application of PPIs (online supple-
mental figure 7).

DISCUSSION
For primary outcome mPEF, we assessed eight studies 
including nine independent comparisons (1886 partici-
pants) and found no statistically significant improvement 
with PPIs treatment in patients with asthma and GERD 
compared with placebo. Subgroups analyses according 
to duration >12 weeks and the percentage of subjects 
with symptomatic GERD≥95%, did not demonstrated 
statistically significant benefit with PPIs therapy. Also, 
no statistically significant improvement was observed on 
the secondary outcomes including ePEF, FEV1, asthma 
symptoms, quality of life and asthma exacerbation. These 
results were further confirmed by the application of TSA 
and cumulative meta- analysis.

To enlarge sample size, our analysis not only included 
trials with asthma subjects having GERD diagnosis for 
entry criterion, but also those reported GERD subjects 
in subgroups analyses.18 20 To the best of our knowledge, 
this analysis included the largest number of participants 
to date describing the effect of PPIs treatment in patients 
with asthma accompanying with GERD. The previous 
meta- analysis aiming to examine the efficacy of PPIs in 
the adult patients with asthma, reported a subgroup anal-
ysis based on GERD diagnosis for entry criterion with 
seven trials (1004 patients).27 In contrast to our study, a 
small statistically significant improvement was reported 
for mPEF in this subgroup, therefore, this analysis might 
overestimate the benefits on mPEF and exaggerate the 
effect of positive improvement, because of incomplete 
and inadequate population inclusion. However, in line 
with our results, this previous review did not show benefit 
on in patients with asthma with PPIs treatment on ePEF, 
FEV1, asthma symptoms score and asthma quality of life.

A study reported that the minimal patient perceivable 
improvement differences for PEF was 18.79 L/min.29 
The minimal difference in PEF ranging from 15 to 20 L/

Figure 4 (A) Trial sequential analysis (TSA) of morning 
peak expiratory flow (mPEF). (B) TSA of mPEF in subgroup 
of the percentage of subjects with symptomatic gastro- 
oesophageal reflux disease ≥95%. (C) TSA of mPEF in 
subgroup of treatment duration >12 weeks. PPIs, proton 
pump inhibitors; RIS, required information size.

https://dx.doi.org/10.1136/bmjopen-2020-043860
https://dx.doi.org/10.1136/bmjopen-2020-043860
https://dx.doi.org/10.1136/bmjopen-2020-043860
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Figure 5 (A) Forest plot for evening peak expiratory flow. (B1) Forest plot for FEV1 % predicted. (B2) Forest plot for FEV1 (L). 
(C) Forest plot for asthma symptoms score. (D) Forest plot for asthma quality of life score. (E) Forest plot for episodes of asthma 
exacerbation. FEV1, forced expiratory volume in 1 s; PPIs, proton pump inhibitors.
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min were summarised in a review.30 Our analysis found 
that the pooled mean difference for mPEF and ePEF 
were 7.30 and 5.58 L/min, respectively, which were far 
smaller than the minimal effective line, probably showing 
a lack of evidence to believe the efficacy of PPIs. In align-
ment with our study, previous meta- analysis published by 
Cochrane Collaboration found no statistically significant 
improvement on mPEF and ePEF.25 Also, a recent large 
three- arms RCT was consistent with our study.22

Several trials have reported that PPIs played no role 
in asthma patients with asymptomatic GERD, whether in 
children or adults.21 23 Similarly, in our subgroup meta- 
analysis, no statistically significant benefit appeared for 
mPEF in asthma patients with symptomatic GERD. This 
result was in keeping with a large trial including all asthma 
participants with symptomatic GERD.22 Our subgroup 
analysis for mPEF based on duration >12 weeks was 
conducted, suggesting that no improvement appeared 
with PPIs therapy. In agreement with our result, two large 
trials did not find improvement for mPEF with PPIs treat-
ment for 24 or 26 weeks.16 22

Mechanistically, GERD may trigger asthma via directly 
damage to the respiratory tree leading to bronchocon-
striction by micro- aspiration of gastric or duodenal (or 
both) contents.31 32 Previous studies have reported that 
bile acids and pepsin were found graft failure in lung 
transplant patients, indicating that acid materials may not 
be the only one of many irritants in the aspirate during 
gastro- oesophageal reflux.33 34

PPIs treatment significantly improved asthma symp-
toms and lung function in patients with exercise- triggered 
asthma, with asthma and nocturnal respiratory symptoms, 
or taking LABAs.18 35 It appeared that benefits of PPIs 
may be restricted to patients with certain types or status 
of asthma. Further studies are warranted to examine the 
pathophysiological mechanism to determine the causality 
between asthma and GERD. Notably, if the improvement 
for asthma conditions were delayed or required more 
time to present, then the overall effect may be underes-
timated. Thus, further RCTs should be conducted with a 
treatment period for more than 6 months. Previous RCTs 
combined omeprazole and domperidone therapy in 
patients with asthma and GERD, showing that combined 
therapy improved asthma symptoms and lung function 
with treatment period of 12 or 16 weeks.36 37 Therefore, 
the efficacy of combined therapy should be further 
explored. Furthermore, we hopefully expect the effect 
of genotype- tailored PPIs in patients with asthma and 
comorbid GERD.38

There are several limitations in the present study. First, 
we could not extract the data from all the 11 eligible trials 
reporting mPEF, because of the unavailable reported 
form (mean difference only,14 medians and quartiles15) 
or unavailable data in subgroup.21 However, the overall 
sample size of these three trials was small and we do not 
think these studies would make a significant difference 
in our meta- analysis. Second, we could not perform a 
subgroup according to the severity of asthma or GERD 

as expected, because the severity reported inconsistently 
and we could not sort out the disease status of each trial. 
Third, only two RCTs in children were eligible in the 
present study, making it difficult to evaluate the effect 
for PPIs on all outcomes in children.17 23 However, both 
trials reported no improvement for PPIs in all the asthma 
outcomes, which were in line with the overall effect in 
adults in our analysis.

CONCLUSION
Compared with placebo, PPIs therapy for asthma patients 
with GERD did not show statistically significant improve-
ment in mPEF. This futility did not alter in asthma patients 
neither with symptomatic GERD nor with PPIs treatment 
for more than 12 weeks. This analysis does not support a 
recommendation for the empirical use of PPIs therapy in 
asthma patients having GERD.
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