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Abstract: Background: Quantification of the association between the maternal smoking during pregnancy and recur-
rent wheezing in infancy is still conflicting. Thus, we performed a comprehensive meta-analysis to test the hypothesis 
that maternal smoking during pregnancy may increase the risk of recurrent wheezing in infancy. Methods: Pertinent 
studies were identified by a search in PubMed and Web of Knowledge up to October 2014. Random-effect model 
(REM) or fixed effects model (FEM) was used to combine study-specific results. Publication bias was estimated using 
Egger’s regression asymmetry test. Results: Seven articles (3 cohort study and 4 cross-sectional studies) involving 
8579 recurrent wheezing infant cases about maternal smoking during pregnancy and recurrent wheezing risk were 
used in this meta-analysis. The combined relative risks (RRs) of recurrent wheezing infants associated with mater-
nal smoking during pregnancy was 1.491 (95% CIs = 1.329-1.672) overall. Significant associations were found both 
in Europe [RRs = 1.471, 95% CIs = 1.287-1.681] and other populations [RRs = 1.720, 95% CIs = 1.119-2.644] and 
cross-sectional studies [RRs = 1.474, 95% CIs = 1.306-1.663]. No publication bias was found. Conclusions: Our 
analysis indicated that maternal smoking during pregnancy could increase the risk of recurrent wheezing in infancy. 
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Introduction

Recurrent wheezing is common in young chil-
dren, with a cumulative prevalence of up to 
40% in the first 6 years of life [1]. It is an impor-
tant cause of diminished health-related quality 
of life in infancy [2]. Many children are exposed 
to tobacco smoking, both before and after they 
are born. Maternal smoking during pregnancy 
is believed to affect the utero-placental flow, 
leading to an impaired foetal nutrition and con-
sequent intrauterine growth retardation [3]. 
The foetus of smoking women is exposed from 
the time of conception to the same levels of 
nicotine as active smokers [4]. Smoking during 
pregnancy affects foetal lung development, 
reflected in spirometric flow in the neonate, 
especially when there is a family history of asth-
ma and hypertension during pregnancy [5] and 
causes abnormal airway function [6, 7]. Up to 
date, a number of epidemiologic studies have 
been published to explore the relationship 
between maternal smoking during pregnancy 

and risk of recurrent wheezing in infancy. 
However, the results are not consistent. Thus, 
to better characterize this issue, we conducted 
a comprehensive meta-analysis to evaluate the 
evidence from observational studies on mater-
nal smoking during pregnancy with the risk of 
recurrent wheezing in infancy by summarizing it 
quantitatively with a meta-analysis approach.

Methods

Search strategy

A comprehensive search was conducted for 
available articles published in English using the 
databases of PubMed and Web of Knowledge 
up to October 2014 and by hand-searching the 
reference lists of the computer retrieved arti-
cles. The following search terms were used: 
‘recurrent wheezing’ AND ‘risk factor’ AND 
‘smoking’ AND ‘pregnancy’. Two investigators 
searched articles and reviewed of all retrieved 
studies independently. Disgreements between 
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infancy or providing us suffi-
cient information to calculate 
them. Accordingly, the follow-
ing exclusion criteria were 
also used: (1) reviews and (2) 
repeated or overlapped pub- 
lications.

Data extraction

Two researchers indepen-
dently extracted the following 
information: name of the first 
author, publication year, study 
design, ethnicity, the number 
of cases and controls or par-
ticipants, sources of controls, 
the methods used for collec-
tion of data on exposure, 
exposure classification, con-
founders adjusted for and the 
RRs estimates with corre-
sponding 95% CIs for the 
highest versus lowest level. 
From each study, we extract-
ed the risk estimates adjust-
ed for the greatest number  
of potential confounders. If 
there was disagreement be- 
tween the two investigators 
about eligibility of the data, it 
was resolved by consensus 
with a third reviewer.

Statistical analysis

The pooled measure was cal-
culated as the inverse vari-
ance-weighted mean of the 

natural logarithm of multivariate adjusted RRs 
with 95% CIs for the highest vs. lowest levels to 
assess the association of recurrent wheezing in 
infancy risk. The Q test and I2 of Higgins and 
Thompson [8] were used to assess heterogene-
ity among included studies. I2 describes the 
proportion of total variation attributable to 
between-study heterogeneity as opposed to 
random error or chance, and I2 values of 0, 25, 
50 and 75% represent no, low, moderate and 
high heterogeneity, respectively [9]. The 
DerSimonian and Laird random effects model 
(REM) was selected as the pooling method if 
substantial heterogeneity was present (I2 > 
50%) [9]; otherwise, the fixed effects model 

Figure 1. The detailed steps of our literature search.

the two investigators were resolved by consen-
sus with a third reviewer.

Inclusion criteria

All relevant studies reporting the association of 
maternal smoking during pregnancy and recur-
rent wheezing in infancy were considered for 
inclusion. The inclusion criteria were as follows: 
(1) use a case-control, cross-sectional studies 
or cohort design; (2) the exposure of interest 
was maternal smoking during pregnancy; (3) 
the outcome of interest was recurrent wheez-
ing in infancy; (4) report associations in the 
form of relative risks (RRs) with the 95% confi-
dence intervals (CIs) for recurrent wheezing in 
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Table 1. Characteristics of studies on maternal smoking during pregnancy and recurrent wheezing risk

First author, year Country Study design Cases
RRs (95% CIs) for 

highest versus 
lowest category

Adjustment or matched for

Visser et al. 2010 Netherlands Cohort 149 0.86 (0.47-1.61) Adjusted odds ratios compare those in the wheeze ever, recurrent wheeze, or severe wheeze group to 
children not having any wheezing.

Lannero et al. 2006 Sweden Cohort 321 2.2 (1.3-3.6) Adjusted for heredity, defined as asthma and/or allergic rhino-conjunctivitis diagnosed by a doctor and in 
combination with reported allergy to furred pets and/or pollen in one or both parents (reported asthma 
medication was required for asthma diagnosis), maternal age and length of exclusive breast feeding.

Chong Neto et al. 2009 Brazil Cross-sectional 679 1.86 (1.28-2.70) Na.

Garcia-Marcos et al. 2010 Europe Cross-sectional 6369 1.48 (1.28-1.72) Adjusted for Male Gender, Asthma, Rhinitis, Infant eczema, Breast feeding, Mould stains, Pets at home.

Pellegrini-Belinchon et al. 2011 Spain Cross-sectional 443 1.31 (0.78-2.20) Na.

Bessa et al. 2013 Brazil Cross-sectional 89 1.31 (0.95-1.69) Adjusted for demographic, socioeconomic, family, and clinical characteristics.

Sahiner et al. 2013 Turkey Cohort 529 4.35 (1.29-14.63) Adjusted for Gender, Asthma predictive index, Pet exposure at home during the first 3 years, Hospitalization 
during the first 3 years.

Abbreviations: Na: not available.



Maternal smoking and recurrent wheezing in infancy

6758	 Int J Clin Exp Med 2015;8(5):6755-6761

(FEM) was adapted. Publication bias was esti-
mated using Egger’s regression asymmetry 
test [10]. A study of influence analysis [11] was 
conducted to describe how robust the pooled 
estimator is to removal of individual studies. An 
individual study is suspected of excessive influ-
ence, if the point estimate of its omitted analy-
sis lies outside the 95% CIs of the combined 
analysis. All analyses were conducted using 
STATA software, version 10.0 (StataCorp LP, 
College Station, Texas). Two-tailed P ≤ 0.05 was 
accepted as statistically significant.

Results

Search results and study characteristics

The search strategy identified 78 articles from 
Pubmed and 132 from the Web of Knowledge; 
22 articles were reviewed in full after reviewing 
the title/abstract. By studying reference lists, 
we identified 1 additional article. Sixteen of 
these 23 articles were subsequently excluded 
from the meta-analysis for various reasons. In 
total, 7 articles [12-18] (3 cohort study and 4 
cross-sectional studies) involving 8579 recur-
rent wheezing infants cases about maternal 
smoking during pregnancy and recurrent 
wheezing in infancy risk were used in this meta-
analysis. The detailed steps of our literature 
search are shown in Figure 1. The characteris-

1.329-1.672] with moderate heterogeneity (I2 = 
44.0%, Pheterogeneity = 0.098) (Figure 2). 

Subgroup analysis

For the subgroup analyses by study design, the 
association was significant in the cross-sec-
tional studies [RRs = 1.474, 95% CIs = 1.306-
1.663], but not in the cohort studies for the 
maternal smoking during pregnancy and recur-
rent wheezing in infancy risk. In subgroup anal-
yses of geographic locations, when we restrict-
ed the analysis to Europe and Others, signifi-
cant association was found both in Europe 
[RRs = 1.471, 95% CIs = 1.287-1.681] and 
Others [RRs = 1.720, 95% CIs = 1.119-2.644]. 
The main results are summarized in Table 2.

Influence analysis and publication bias

Influence analysis showed that no individual 
study had excessive influence on the associa-
tion of maternal smoking during pregnancy and 
recurrent wheezing in infancy (Figure 3). Egger’s 
test showed no evidence of significant publica-
tion bias between maternal smoking during 
pregnancy and recurrent wheezing in infancy (P 
= 0.592).

Discussion

Finding from this meta-analysis suggested that 
maternal smoking during pregnancy could 

Figure 2. The forest plot between maternal smoking during pregnancy and 
recurrent wheezing in infancy risk. White diamond denotes the pooled RRs. 
Black squares indicate the RRs in each study, with square sizes inversely 
proportional to the standard error of the RRs. Horizontal lines represent 95% 
CIs. 

tics of these studies are pre-
sented in Table 1.

For maternal smoking during 
pregnancy and recurrent 
wheezing in infancy risk, data 
from 7 studies including 8579 
recurrent wheezing infant 
cases were used. Significant 
association of maternal smok-
ing during pregnancy and 
recurrent wheezing in infancy 
was reported in 4 studies, 
and no significant association 
of maternal smoking during 
pregnancy and recurrent 
wheezing in infancy was 
reported in 3 studies. Pooled 
results suggested that mater-
nal smoking during pregnancy 
was significantly associated 
with the risk of recurrent 
wheezing in infancy [summary 
RRs = 1.491, 95% CIs = 
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increase the risk of recurrent wheezing in infan-
cy. We also found significant association in 
cross-sectional studies, but not in cohort 
studies.

Maternal smoking during pregnancy might be 
an important risk factor for the recurrent wheez-
ing in infancy. It is really a major problem to dif-
ferentiate the effects of prenatal and postnatal 
smoke exposure since most mothers who 
smoke during pregnancy will continue to smoke 
after labor. Other studies have also shown that 
smoke exposure prenatally and postnatal were 
found to be related to the persistence of symp-
toms [19-21]. During the intrauterine period, 
smoke exposure by maternal smoking may 
affect the development of airways, which 
results in wheezing at an early age. A study 

infancy risk. However, our study has some limi-
tations. First, as a meta-analysis of observa-
tional studies, we cannot rule out that individu-
al studies may have failed to control for poten-
tial confounders, which may introduce bias in 
an unpredictable direction. Second, the includ-
ed articles could not separate the RRs for the 
prenatal and postnatal smoke exposure. It is 
really a major problem to differentiate the 
effects of prenatal and postnatal smoke expo-
sure since most mothers who smoke during 
pregnancy will continue to smoke after labor. 
Further studies with a separate report of prena-
tal and postnatal smoke exposure are wanted 
to confirm this association between maternal 
smoking during pregnancy and the recurrent 
wheezing in infancy risk. Third, we found a sig-

Table 2. Summary risk estimates of the association between maternal smoking during pregnancy and 
recurrent wheezing in infancy risk 

Sub-groups Cases
RR (95% CI) I2

Pheterogeneity Studies
FEM REM (%)

All studies 8579 1.491 (1.329-1.672) 1.516 (1.244-1.848) 44.0 0.098 7

Study design
    Cross-sectional 7580 1.474 (1.306-1.663) 1.474 (1.306-1.663) 0.0 0.505 4
    Cohort 999 1.663 (1.145-2.416) 1.823 (0.796-4.174) 75.0 0.018 3
Geographic locations
    Europe 7282 1.471 (1.287-1.681) 1.441 (1.092-1.900) 45.6 0.138 4
    Others 1297 1.549 (1.238-1.938) 1.720 (1.119-2.644) 60.4 0.080 3

Figure 3. Analysis of influence of individual study on the pooled estimate in 
maternal smoking during pregnancy and recurrent wheezing in infancy risk. 
Open circle, the pooled RRs, given named study is omitted. Horizontal lines 
represent the 95% CIs.

found that maternal smoking 
during pregnancy was espe-
cially related to transient 
wheezing [20]. It is probable 
that smoke exposure both 
causes a chronic inflamma-
tion in the airways and trig-
gers the exacerbation of an 
ongoing inflammatory pro- 
cess. 

We reported here the first 
comprehensive meta-analy-
sis on maternal smoking dur-
ing pregnancy and the risk of 
recurrent wheezing in infancy. 
Our study included a larger 
number of cases and partici-
pants, allowing a much great-
er possibility of reaching reli-
able conclusions about the 
association between mater-
nal smoking during pregnancy 
and the recurrent wheezing in 
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nificant association between maternal smoking 
during pregnancy and the risk of recurrent 
wheezing in infancy in cross-sectional studies, 
but not in the cohort. Only 3 cohort studies with 
999 cases were included in this meta-analysis, 
probably due to the small number of cases 
included. Further studies with cohort design 
are wanted to confirm this association between 
maternal smoking during pregnancy and the 
risk of recurrent wheezing in infancy. Fourth, 
moderate between-study heterogeneity was 
found in some analysis in this meta-analysis, 
and the between-study heterogeneity was not 
successfully explained by the subgroup analy-
sis. The observed heterogeneity might arise 
from diversity in design quality, population 
stratification, characteristics of the sample, 
etc. Finally, publication bias should be con-
cerned in meta-analysis because of small num-
ber of studies included. Nevertheless, we found 
no evidence of publication bias.

In summary, our analysis indicated that mater-
nal smoking during pregnancy could increase 
the risk of recurrent wheezing in infancy.
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