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ABSTRACT
Objective  Early life bronchiolitis has been hypothesised 
to be associated with the subsequent risk of persistent 
wheezing or asthma. However, the link remains 
controversial. The objective of our study was to evaluate 
the association between bronchiolitis before 2 years of age 
and the late-onset wheezing/asthma.
Design  Systematic review and meta-analysis.
Methods  PubMed, Embase and Web of Science databases 
were systematically searched for studies published 
between 1955 and January 2020. Meanwhile, we also 
checked through the reference lists of relevant articles to 
see whether these references included reports of other 
studies that might be eligible for the review. Cohort and 
case–control studies assessing the association between 
early-life bronchiolitis and late-onset wheezing/asthma 
were included in this meta-analysis. Data were extracted 
by two independent reviewers. Results were pooled using 
a random-effects model or fixed-effects model according 
to the heterogeneity among studies.
Results  32 original articles with 292 844 participants, 
which met the criteria, were included in this meta-analysis. 
Bronchiolitis before 2 years of age was associated with 
an increased risk of subsequent wheezing/asthma 
(relative risk=2.46, 95% CI 2.14 to 2.82, p<0.001). After 
categorising studies into different groups based on age 
at the end of follow-up, geographical region and study 
quality, the association still remained significant.
Conclusions  The meta-analysis indicates an association 
between bronchiolitis before 2 years of age and the 
wheezing/asthma in later life. Well-designed and highly 
standardised prospective studies that better address bias 
due to potential confounding factors are needed to validate 
the risk identified in our meta-analysis.
PROSPERO registration number
CRD42018089453.

INTRODUCTION
Asthma is one of the most common chronic, 
noncommunicable respiratory diseases and 
its prevalence has increased in the world, 
leading to high-cost emergency care and 
hospitalisations,1 with a substantial negative 
impact on quality of life among children and 
adults.2 The aetiology of asthma is complex, 
involving the interactions of multiple envi-
ronmental and genetic stimuli.3 There have 

been many meta-analyses trying to identify 
risk factors for asthma. Exposure to smoke,4 
male gender, atopic dermatitis, family history 
of asthma, history of wheezing and serum 
IgE level ≥60 kU/L or having specific IgE are 
found to be positively associated with devel-
oping asthma.5 Breastfeeding6 and exposure 
to cats and dogs7 seem to play protective roles 
in the development of asthma. However, the 
associations between high adherence of the 
Mediterranean diet during pregnancy and 
childhood8 and swing attendance during 
childhood9 with asthma are still unclear.

Bronchiolitis is a lower respiratory tract 
infection in children younger than 2 years 
old characterised by respiratory distress, 
wheezing and crackles.10 It is primarily caused 
by viral infections, particularly respiratory 
syncytial virus (RSV), which is responsible 
for 70% of episodes of bronchiolitis.11 Other 
viruses, such as rhinovirus, human metapneu-
movirus, influenza A and B viruses, parainflu-
enza virus, adenovirus, papillomavirus and 
bocavirus, have also been implicated.12 Bron-
chiolitis is a major public health problem 
worldwide, the prevalence of bronchiolitis is 
20%–30% in the first year and 10%–20% in 
the second year of life.13 It is also the leading 
cause of hospitalisation in infants and young 
children. Approximately, 1%–3% of infants 

Strengths and limitations of this study

►► This meta-analysis aimed to examine whether early 
bronchiolitis increased the risk of childhood wheez-
ing/asthma is of great significance.

►► All the studies included had moderate to high quali-
ties according to the Newcastle-Ottawa Scale.

►► There was substantial heterogeneity in the pooled 
data even after subgroup analyses.

►► Only published studies with sufficient data were in-
cluded, so the possibility of publication bias cannot 
be completely ruled out.
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need hospitalisation for bronchiolitis—most commonly 
those aged <6 months.14

Although numerous clinical studies have been 
conducted since the 1950s to investigate the relation-
ship between bronchiolitis and subsequent persistent 
wheezing or asthma, the link remains controversial.15–18

The demonstration of a relation between bronchiol-
itis and the subsequent wheezing/asthma, and a better 
understanding of the association may be important for 
the prevention and treatment of asthma. A previous 
meta-analysis has shown an association between infant 
RSV hospitalisation and asthma/wheezing sequelae,19 
but it did not consider other viruses causing bronchiolitis. 
Therefore, we have conducted a systematic review and 
meta-analysis of the existing available evidence.

METHODS
This study was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines. The protocol was registered in PROSPERO.

Search strategy
We systematically searched the PubMed, Embase and 
Web of Science to identify available English language arti-
cles published between 1955 and January 2020. Using the 
following search terms: (infant OR child OR children) 
AND bronchiolitis AND (wheezing OR asthma). The 
research strategy for each database was established with 
the help of a research librarian (see online supplemental 
table S1). Meanwhile, we also checked through the refer-
ence lists of relevant articles to see if these references 
included reports of other studies that might be eligible 
for the review.

Inclusion and exclusion criteria
Articles were selected for inclusion only if they meet all 
the following criteria: (1) cohort study or case–control 
study type, (2) the diagnosis of bronchiolitis was made by 
a physician and the maximum age when diagnosed was 
≤2 years, (3) outcome of interest was wheezing/asthma 
(diagnosed by a physician or reported by the parents 
or retrieved from medical insurance databases), (4) 
measures of association (OR, HR or relative risk (RR)) 
and their 95% CI or data allowing for computation of 
summary measures are provided. Results at multiple 
follow-up times from a same study will be correlated, 
which will result in SEs (corresponding 95% CIs) that do 
not reflect the true variability. Therefore, if a study had 
several periods of follow-up, we used the values from the 
longest follow-up. Studies were excluded if they did not 
meet these inclusion criteria. Unpublished or grey liter-
ature data (eg, in terms of conference abstracts, disser-
tations or editorials) were not considered. The selection 
of the studies was by two reviewers independently and 
discussion was needed to resolve the discrepancies, if 
needed, by adjudication from a third reviewer.

Data extraction and quality assessment
Data were extracted by two independent reviewers and, in 
the case of discrepancies, the final decision was made by a 
third investigator. From each eligible article, we recorded: 
first author, publication year, original country where the 
study was conducted, study type, number of participants, 
age when diagnosed of bronchiolitis, bronchiolitis infec-
tion virus, outcome, age at the end of follow-up and the 
effect estimate (95% CI). We selected the outcome based 
on the following criteria if a study reported several poten-
tial outcomes of interest (eg, asthma, wheezing and recur-
rent wheezing): (1) diagnosis by a physician was selected 
over parental assessment, (2) current respiratory status 
or respiratory status in the past 12 months was selected 
over cumulative outcome, (3) asthma was selected over 
wheezing.20 The quality of each study was independently 
assessed by two reviewers according to the Newcastle-
Ottawa Scale (NOS).21 A study awarded a score of 0–3, 
4–6 or 7–9 was considered as a low, moderate or high-
quality study, respectively. If there are discrepancies, they 
will be resolved by consensus and discussion.

Statistical methods
We extracted the association (OR or RR or HR) and 
their 95% CI or derived by using data from the orig-
inal studies (unadjusted RR=P1/P0, P1 indicates the 
incidence of the outcome of interest in the exposed 
group and P0 in the nonexposed group).22 It is not 
recommended to combine HRs with RRs and ORs in 
a meta-analysis, as HRs represent instantaneous risk 
over the study time period, whereas RRs and ORs esti-
mate risk/odds at a fixed time point.23 The ORs were 
transformed into RRs using the formula RR=OR/((1-
P0) (P0 ×OR)).22 HRs and RRs (or RRs derived from 
ORs) should be presented in separate meta-analyses. 
Additionally, the transformation from ORs to RRs has 
some limitations and may underestimate the variance 
of the RRs derived from the ORs.24 25 Therefore, we 
conducted a sensitivity analysis that excluded the 
studies where outcome was transformed. We also 
compared the results applying the Miettinen test-
based approach for calculating the variance of the 
natural logarithm of the RR (lnRR; variance lnRR=-
variance lnOR×(lnRR/lnOR)).26

The statistical analysis was done with Stata V.12.0 
(Stata Corp, College Station, Texas, USA). We used 
the ‘metan’ command in Stata to pool the lnRR/
lnHR. Forest plots were used to visually assess the indi-
vidual and pooled estimates with the corresponding 
95% CIs. In meta-analysis, the usual way of assessing 
whether a set of single studies is homogeneous is by 
means of the Q statistics. However, the Q statistic only 
informs meta-analysis about the presence versus the 
absence of heterogeneity, but does not report on the 
extent of such heterogeneity. Moreover, it has poor 
power to detect true heterogeneity among studies 
when the meta-analysis includes a small number of 
studies. I2 index is proposed to quantify the degree 
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of heterogeneity and considered as a complement to 
the Q statistic, although it has the same problems of 
power with a small number of studies.27 Therefore, we 
used the Q statistics (significance level of p<0.10) and 
I2 statistics (>50% was usually judged to significant 
inconsistency) to comprehensively evaluate between-
study heterogeneity.28 A fixed-effects model was used 
when heterogeneity between studies was not signifi-
cant, while a random-effects model was adopted. Anal-
yses were stratified by age at the end of follow-up (<10 
years and ≥10 years), geographical region (Europe, 
North America, South America and Asia) and study 
quality (NOS score 4–6, moderate quality and NOS 
score 7–9, high quality). We chose 10 years old as 
the cut-off in the age stratification analysis for the 
following reasons: Sears et al29 and McGeachie et al30 
indicate that children presenting with abnormal lung 
function after the age of 10 years have lower lung 
function in adulthood; Sousa et al31 show that onset 
of fixed airflow obstruction (FAO) starts at 10 years of 
age. After 10 years of age, the FEV1/FVC ratio is lower 
in the FAO group than in the non-FAO group. Poten-
tial publication bias was assessed by using funnel plot 

and Begg’s and Egger’s tests, and p<0.05 was consid-
ered significant.32 33

Patient and public involvement
Patients and the public were not involved in this review.

RESULTS
Study characteristics
A total of 6614 citations were identified: 1592 from 
PubMed, 2397 from Embase and 2625 from Web of 
Science. Of these, 1727 were excluded for duplicates 
and 4607 were excluded after the first screening based 
on abstracts or titles, leaving 280 articles for full-text 
review. The study by Lin H-W and Lin S-C 34 has shown 
that the acute bronchiolitis in young children younger 
than 2 years old is correlated with the later develop-
ment of asthma. It was the only study reporting results 
as HRs after full-text review. However, one study should 
not result in any model tests of significance and allow 
us to perform a separate meta-analysis. So, we did 
not include it in the pooled analyses and excluded it. 
Two articles were published by the same author in the 

Figure 1  The flow diagram of identifying relevant studies.
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same year and reported the results of a same cohort 
study,35 36 but with different objectives. We avoided 
duplicate inclusion of data by selecting only the more 
complete article.35 Additionally, four articles reported 
the results of a same longitudinal cohort study (Sigurs 
et al37–40) with different lengths of follow-up period, 
we only included the one with longest follow-up 
according to the inclusion criteria. Finally, 32 articles 
(33 studies, one article included two independent 
cohort studies)41 were eligible and included in our 
meta-analysis15–18 34 35 37 41–66 (figure  1). Among these 
studies, two were case–control studies,43 58 31 were 
cohort studies.15–18 34 35 37 41 42 44–57 59–66 The main char-
acteristics of the included studies are summarised in 
table 1.

Quality assessment
All included studies were assessed by NOS and their 
score ranged from 5 to 8, suggesting that the meth-
odological quality was acceptable. The details of 
NOS assessment for each enrolled study are shown in 
online supplemental table S2 and S3.

Quantitative synthesis
Significant heterogeneity among studies was present 
(I2=78.1%, p<0.001), and thus a random-effects model 
was performed overall analysis. The combined results 
demonstrated that bronchiolitis before 2 years of age 
was associated with increased risk of wheezing/asthma 
(RR=2.46, 95% CI 2.14 to 2.82, p<0.001; figure  2). 
We further evaluate whether the association between 
bronchiolitis and development of wheezing/asthma 
would change with age. Significant heterogeneity was 
identified (<10 years, I2=82.5%, p<0.001; ≥10 years, 
I2=49.8%, p=0.043), and thus a random-effects model 
was used. The association still remained significant 
in <10 years (RR=2.40, 95% CI 2.04 to 2.82, p<0.001) 
and ≥10 years (RR=2.54, 95% CI 1.84 to 3.50, p<0.001, 
figure  3). When stratified analysis was conducted by 
geographical region, the association still remained 
significant in Europe (RR=2.78, 95% CI 2.04 to 3.79, 
p<0.001), North America (RR=2.02, 95% CI 1.89 to 
2.16, p<0.001), South America (RR=3.85, 95% CI 1.02 
to 14.52, p<0.05) and Asia (RR=2.31, 95% CI 1.63 to 

Figure 2  Forest plot of the overall association between bronchiolitis before 2 years of age and the subsequent development of 
wheezing/asthma.

https://dx.doi.org/10.1136/bmjopen-2020-043956
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3.28, p<0.001; figure 4). In subgroup analysis by study 
quality, the significant association was identified in 
both moderate quality (RR=3.16, 95% CI 2.12 to 4.70, 
p<0.001) and high quality (RR=2.15, 95% CI 1.88 to 
2.46, p<0.001) (figure 5).

Sensitivity and publication bias analysis
The sensitivity analysis that excluded all studies for 
which the transformation of ORs to RRs was used, 
which showed a similar result with a pooled RR of 2.07 
(95% CI 1.74 to 2.45, p<0.001). We used the funnel 
plot to assess the publication bias, and the result 
showed there was no obvious asymmetry (figure  6). 
Furthermore, Begg’s and Egger’s test showed there 
was no significant publication bias (p>0.05).

DISCUSSION
Principal findings
This meta-analysis on 33 studies provided considerable 
evidence indicating the positive association between 
early-life bronchiolitis and the subsequent develop-
ment of wheezing/asthma. Regnier and Huels19 have 

indicated that the association between RSV hospital-
isation in infants and asthma/wheezing decreases 
with age at the end of follow-up. To assess whether 
this association between bronchiolitis and later onset 
of wheezing/asthma would also change with age, we 
conducted subgroup analysis based on age at the end 
of follow-up, and the association still remained signif-
icant in both <10 years old and ≥10 years old. The 
reason for this difference may be due to the multiple 
viral respiratory pathogens involved in the enrolled 
studies.

Mechanisms of bronchiolitis on wheezing/asthma
Bronchiolitis is the most common acute lower respi-
ratory tract infection in infants and the primary 
cause of hospitalisation in this age group. Recently, 
a growing number of studies have been conducted to 
explore the association between bronchiolitis and the 
development of subsequent wheezing and asthma. 
However, the results are inconclusive.15–18 There-
fore, it is crucial to include all eligible studies and 
to assess the overall association. In this meta-analysis, 

Figure 3  Forest plot of the association between bronchiolitis before 2 years of age and the subsequent development of 
wheezing/asthma, stratified by age at the end of follow-up.
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the combined results demonstrated the association 
between early bronchiolitis and the development of 
wheezing/asthma. In the first year of life, both the 
respiratory tract and the immune system mature 
rapidly, and it seems that postnatal development 
is affected by viral infection. A variety of potential 
biological mechanisms might underlie the associ-
ation of bronchiolitis with wheezing/asthma. (1) 
Induction of inflammation typical of allergic asthma 
by T lymphocyte differentiation into Th267, (2) acti-
vation of Th17 cells and induction of IL-17 produc-
tion. Activated Th17 cells regulate the production 
of other proinflammatory cytokines (IL-6, tumor 
necrosis factor (TNF)-α, metalloproteinases etc), 
which may play important roles in the pathogenesis 
of asthma,68 (3) upregulation of IL-4 and downreg-
ulation of interferon (IFN)-γ levels,69 (4) induction 
of bronchial hyperactivity by inflammatory cells and 
sensory C-fibre neuropeptide,70 (5) imbalance of 
respiratory microbial communities.71

Implications for practice
Effective strategies against bronchiolitis could reduce 
the consequences of immune response to pathogens, 
thus reducing the risk of asthma. Unfortunately, 
despite the large public health burden, no effective 
treatment shortening the course or hastening the reso-
lution of symptoms are available, other than supportive 
care in young children with bronchiolitis.72–74 It is 
mainly because of the wide variety of viruses involved 
in causing bronchiolitis and poor cross-protection 
between prior heterologous infections. RSV is consid-
ered as the main cause of bronchiolitis. There have 
been some studies exploring the effect of RSV preven-
tion on respiratory morbidity. Scheltema et al75 
indicate that RSV prevention in preterm infants is 
associated with a decrease in parent-reported wheeze 
at 6 years of age. Similar results have been reported by 
Mochizuki et al76 and Prais et al.77 However, the study 
conducted by Scheltema et al shows no effect of RSV 
prevention on current physician-diagnosed asthma at 

Figure 4  Forest plot of the association between bronchiolitis before 2 years of age and the subsequent development of 
wheezing/asthma, stratified by geographical region.
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age of 6 years. A randomised controlled trial in term 
native American infants using motavizumab for RSV 
prophylaxis also indicates no effect of RSV prevention 
on medically attended wheeze up to age of 3 years.78 
Two possible explanations exist for the differences 
between parent-reported and physician-diagnosed 
asthma. First, information bias might have occurred. 
Second, asthma symptoms might have not been severe 
enough to warrant a doctor’s visit. In further studies, 
we should consider combining subjective outcomes 
(such as physician-confirmed asthma symptoms and 
patient-reported outcomes) with objective lung func-
tion measurements to minimise bias or exploring the 
effect of prevention of other important pathogens of 
bronchiolitis on asthma.

Limitations
There are some limitations to note. (1) The chil-
dren with wheezing in the early stage of life may not 
necessarily develop into asthma, and some children 
with early-onset asthma will get better with time. 

Figure 5  Forest plot of the association between bronchiolitis before 2 years of age and the subsequent development of 
wheezing/asthma, stratified by study quality.

Figure 6  Funnel plot of publication bias for the association 
between bronchiolitis before 2 years of age and the 
subsequent development of wheezing/asthma. The horizontal 
axis represents lnRR and the vertical axis means the 
SE of lnRR. Vertical line and sloping lines in funnel plot 
represent summary RR and expected 95% CI for a given SE, 
respectively. RR, relative risk.
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Therefore, the early prevalence estimates may not 
accurately reflect the true prevalence of childhood 
asthma among children with bronchiolitis in infancy. 
(2) Although some of the studies included in this 
meta-analysis were adjusted for potential confounding 
factors, there was still residual confounding affecting 
the risk estimates in each study and thus pooled esti-
mates in the meta-analysis. Such as tobacco smoke 
exposure79 and genetic determinants,80 which have 
been defined as risk factors for both bronchiolitis 
and the development of asthma. (3) We used NOS to 
assess the quality of the enrolled studies. However, it 
may be controversial because its total scores involve 
the internal weight of component items. Regardless 
of whether or not the estimated effect varies with the 
quality score, investigators can skip the quality score 
analysis and go directly to the quality component anal-
ysis to find out which components are responsible for 
the variation or avoid the risk of misleading conclu-
sions. Therefore, some researchers consider that the 
quality score analysis may be redundant.81 Moreover, 
since our meta-analysis included both cohort and 
case–control studies, there is heterogeneity by study 
design. Therefore, while NOS evaluation within a 
group with the same study design would be mean-
ingful, subgroup analysis only with the NOS while 
ignoring differences in study design may compro-
mise the results. (5) Some data are not presented in 
the articles and cannot obtained from the original 
researchers, so we can only use the formula to derive 
the uncorrected data, which may lead to the devia-
tion of the results. (6) The diagnosis of wheezing/
asthma was not always made by a physician, which 
might lead to bias; even if the diagnosis was provided 
by a physician, it was not sure whether the physician 
was blind to the presence or absence of bronchiol-
itis before 2 years of age. There is the possibility of 
reverse causality, including the possibility that there 
may be misdiagnosis of bronchiolitis that was actu-
ally asthma, and equally possible that later asthma is 
also misdiagnosed. (7) The study by Lin H-W and Lin 
S-C34 has also shown that infants with bronchiolitis are 
at increased risk for developing asthma. Excluding 
this study for statistical reason would not change the 
overall conclusions but would change the pooled risk 
estimates. (8) Heterogeneity and possible publica-
tion bias should be considered. There was substantial 
heterogeneity in the pooled data even after subgroup 
analyses. The considerable amount of heterogeneity 
may be due to differences in study designs, charac-
teristics of subjects, viral respiratory pathogens, effect 
estimates reported, confounders and adjustment for 
confounders. As we also included retrospective case–
control studies, therefore, heterogeneity may also 
originate from reporting and recall biases. We just 
included published studies with sufficient data, so the 
publication bias might not be completely avoided, 

even though no statistically significant publication 
bias was identified.

CONCLUSIONS
In summary, this meta-analysis indicates that bron-
chiolitis before 2 years of age may be associated 
with subsequent development of wheezing/asthma. 
Assuming the association is causal, early life preven-
tion or treatment of bronchiolitis would be medically 
important and might play a vital role to decrease 
the burden of asthma. In view of these limitations, 
more large-scale prospective studies that fully address 
potential confounding factors are required to validate 
the risk identified in the current meta-analysis.
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