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Table 1  ETS exposure and risk of HS

Exposure category
No. of 
studies OR 95% CI I2 (%)

Effect 
model

Household smoking 17 1.46 1.29 to 1.65 66.6 REM

Paternal smoking 9 1.45 1.27 to 1.65 1.7 FEM

Maternal smoking 9 1.87 1.56 to 2.23 0 FEM

Prenatal tobacco smoke 
exposure

6 1.95 1.63 to 2.34 49.7 FEM

ETS, environmental tobacco smoke; FEM, fixed effect model; HS, habitual snoring; REM, 
random effect model.

Figure 2  Forest plot of the ORs with corresponding 95% CIs of studies on exposure to household smoking and risk of HS in children. HS, habitual 
snoring. 

null hypothesis that the coefficient of the second spline is equal 
to 0, p value for nonlinearity was calculated.

All statistical analyses were performed using the statistical 
software package STATA V.12.0. All reported p  values were 
two-sided, with p<0.05 considered statistically significant.

Results
Study selection and study characteristics
The search strategy identified 61articles from PubMed, 74 arti-
cles from Web of Science and 68 articles from Embase. Eight 
additional articles were found in reference lists. After excluding 
duplicates and reviewing the titles and abstracts, 65 possible 
relevant articles concerning ETS exposure and HS risk were 
identified. Then, 41 articles were excluded from the meta-anal-
ysis for various reasons. The detailed reasons for the exclusion 
of the articles are presented in figure 1. As a result, 24 observa-
tional studies on 87 829 participants from 24 articles met the 
inclusion criteria and were included in the meta-analysis. The 
Newcastle-Ottawa score of quality assessment showed that the 
scores of 24 studies were equal to or more than 6, indicating that 
the methodological quality was generally good.

Among these studies, 6 studies were carried out in Asia, 13 
in Europe, 3 in Oceania, 1 in North America and 1 in South 
America. The number of study designs for cohort and cross-sec-
tional studies was 3 and 2, respectively. HS was defined as 
�V�Q�R�U�L�Q�J �•���� �Q�L�J�K�W�V�� �S�H�U�� �Z�H�H�N�� �L�Q�� �V�H�Y�H�Q�� �V�W�X�G�L�H�V���� �D�Q�G�� �F�D�V�H�V�� �L�Q�� �W�K�H��
other included studies were defined in different ways. The basic 
characteristics of the included studies for ETS exposure with risk 
of HS are shown in online supplementary table 1.11–15 27–45

Quantitative synthesis
Household smoking
All of the included studies assessed exposure to ETS using ques-
tionnaires. Sixteen cross-sectional studies11–15 27 28 31 33 35 36 38 41–44 
and one cohort study29 involving 71 212 participants evaluated 
the relationship between household smoking exposure and risk 
of HS. Among the 17 studies, 10 showed a significantly increased 
risk (p<0.05), with 6 of the remaining 7 having an OR>1. The 
pooled OR is 1.46 (95% CI, 1.29 to 1.65; table 1; figure 2).

Figure 3 showed a forest plot for the cumulative meta-analysis 
for the relationship between household smoking exposure and 
risk of HS. The results of the cumulative meta-analysis indicated 
that household smoking exposure was always associated with HS 
risk.

Paternal smoking
Seven cross-sectional studies15 30 32 34 35 39 43 and two cohort 
studies37 45 involving 18 614 participants evaluated the rela-
tionship between paternal smoking exposure and risk of HS. 
Among the nine studies, three revealed a significantly increased 
risk (p<0.05), with five of the remaining six studies having an 
OR>1. The pooled OR is 1.45 (95% CI, 1.27 to 1.65; table 1).
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Figure 3  Cumulative meta-analysis of the HS risk among children exposed to household smoking compared with non-exposed children. The black 
points indicate the pooled effect values. The horizontal lines represent 95% CIs. HS, habitual snoring. 

Maternal smoking
Seven cross-sectional studies15 30 32 34 39 43 and two cohort 
studies37 45 involving 18 604 participants evaluated the rela-
tionship between maternal smoking exposure and risk of HS. 
Among the nine studies, five revealed a significantly increased 
risk (p<0.05), with three of the remaining four studies having an 
OR>1. The pooled OR is 1.87 (95% CI, 1.56 to 2.23; table 1).

Prenatal tobacco smoke exposure
Five cross-sectional studies28 34 38 41 42 and one cohort study34 
involving 39 456 participants evaluated the relationship between 
prenatal tobacco smoke exposure and risk of HS. Among the six 
studies, three revealed a significantly increased risk (p<0.05), 
while the other studies indicated a non-significant association. 
The pooled OR is 1.95 (95% CI, 1.63 to 2.34; table 1).

Subgroup analysis
Subgroup analysis based on continent found higher pooled esti-
mates for European studies in most analyses. With regard to the 
status of adjusting for confounders, ORs were lower for adjusted 
estimates. The detailed results of subgroup analysis were shown 
in table 2.

Dose-response analysis
For dose-response analysis, three studies including 347 HS 
cases provided the data.27 33 36 A linear relationship was found 
between household smoking exposure and the risk of HS (pnon-

linearity=0.153). Compared with non-exposed children, the ORs 
(95% CI) of HS were 1.32 (1.03 to 1.69), 1.51 (1.09 to 2.09), 
1.59 (1.17 to 2.16) and 1.76 (1.14 to 2.70) for 5, 10, 15 and 30 
cigarettes/day, separately. The dose-response analysis suggested 
that HS risk increased by 2.1% (OR=1.02, 95% CI, 1.00 to 
1.04, p=0.022) for every 1 cigarette/day increment of smoking 
by people living with children (figure 4).

Meta-regression
To explore the sources of heterogeneity, meta-regression with the 
covariates of continent, year, study design, HS definition, sample 
size and the status of adjusting for confounders were performed. 
The status of adjusting for confounders (p=0.038) was found 
to contribute to the heterogeneity in the analysis of household 
smoking exposure and risk of HS. No significant findings were 
found for other analyses.

Influence analysis and small-study effect
Influence analysis revealed that no individual study had an 
excessive influence on the above-mentioned pooled ORs. The 
funnel plot and Egger test showed no evidence of significant 
small-study effect in the analysis between HS risk and house-
hold smoking exposure (p=0.69), paternal smoking exposure 
(p=0.515), maternal smoking exposure (p=0.185) and prenatal 
tobacco smoke exposure (p=0.678).

Discussion
This meta-analysis of all available epidemiological evidence of 
the effect of ETS exposure on HS risk revealed that exposure 
to ETS, in particularly prenatal tobacco smoke exposure and 
maternal smoking, was associated with a statistically signifi-
cant increased risk of HS in children and the association was 
consistent in most subgroup analyses. Compared with paternal 
smoking, maternal smoking had stronger effects. The results of 
the cumulative meta-analysis indicated that the adverse effect of 
household smoking exposure was validated constantly with the 
increase of new studies every year. And dose-response analysis 
suggested HS risk increased by 2.1% for every 1 cigarette/day 
increment of smoking by people living with children.

Snoring is a symptom arising from interactions between 
genetic and environmental factors such as family history of 
snoring, adenotonsillar hypertrophy, allergies and overweight or 
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Table 2  Subgroup analysis: ETS exposure and risk of HS

Stratification
No. of 
studies OR 95% CI I2 (%)

Effect 
model

Household smoking

 � Continent

 � �  Europe 9 1.63 1.45 to 1.83 31.9 FEM

 � �  Asia 5 1.32 1.03 to 1.69 71.8 REM

 � �  Other continents 3 1.39 1.26 to 1.53 13.3 FEM

 � Outcome definition

 � �  ≥3 nights per week 6 1.38 1.06 to 1.80 73.2 REM

 � �  Other definitions 11 1.52 1.29 to 1.78 66.6 REM

 � Study design

 � �  Cross-sectional 16 1.43 1.26 to 1.61 65.3 REM

 � �  Cohort 1 2.25 1.44 to 3.66 – –

 � Adjustment for confounders

 � �  Yes 6 1.25 1.06 to 1.47 58.2 REM

 � �  No 11 1.52 1.40 to 1.64 46.6 FEM

Paternal smoking

 � Continent

 � �  Europe 5 1.80 1.42 to 2.27 0 FEM

 � �  Asia 2 1.33 1.12 to 1.58 0 FEM

 � �  Other continents 2 1.19 0.77 to 1.86 0 FEM

 � Outcome definition

 � �  ≥3 nights per week 2 1.62 0.61 to 4.34 73.2 REM

 � �  Other definitions 7 1.40 1.21 to 1.60 0 FEM

 � Study design

 � �  Cross-sectional 7 1.46 1.27 to 1.67 12.6 FEM

 � �  Cohort 2 1.28 0.68 to 2.43 11.0 FEM

 � Adjustment for confounders

 � �  Yes 1 1.30 0.78 to 2.16 – –

 � �  No 8 1.46 1.27 to 1.68 11.9 FEM

Maternal smoking

 � Continent

 � �  Europe 5 2.01 1.58 to 2.56 0 FEM

 � �  Asia 1 2.22 1.09 to 4.53 – –

 � �  Other continents 3 1.64 1.24 to 2.18 8 FEM

 � Outcome definition

 � �  ≥3 nights per week 2 1.66 1.03 to 2.67 20.9 FEM

 � �  Other definitions 7 1.90 1.57 to 2.31 0 FEM

 � Study design

 � �  Cross-sectional 7 1.89 1.58 to 2.27 0 FEM

 � �  Cohort 2 1.44 0.62 to 3.33 12.3 FEM

 � Adjustment for confounders

 � �  Yes 3 1.73 1.33 to 2.25 0 FEM

 � �  No 6 1.99 1.57 to 2.53 0 FEM

Prenatal tobacco smoke 
exposure

 � Continent

 � �  Europe 4 2.28 1.31 to 3.97 56.6 REM

 � �  Asia 2 1.60 1.16 to 2.21 0 FEM

 � Outcome definition

 � �  ≥3 nights per week 1 1.93 0.83 to 4.49 – –

 � �  Other definitions 5 2.05 1.39 to 3.03 59.8 REM

 � Study design

 � �  Cross-sectional 5 2.13 1.50 to 3.04 54.0 REM

Continued

Stratification
No. of 
studies OR 95% CI I2 (%)

Effect 
model

 � �  Cohort 1 1.10 0.40 to 3.06 – –

 � Adjustment for confounders

 � �  Yes 2 1.82 1.33 to 2.51 58.2 REM

 � �  No 4 2.43 1.19 to 4.98 55.7 REM

ETS,  environmental tobacco smoke; FEM, fixed effect model; HS, habitual snoring; REM, 
random effect model.

Table 2  Continued

obese status.46 47 However, the detailed biological mechanisms 
whereby ETS leads to snoring are still unclear. One potential 
explanation for our findings is that chronic irritant exposure 
could cause upper airway inflammation.48 And it is possible that 
neurotransmitter levels involved in ventilatory control may be 
influenced by ETS exposure.49

Between-study heterogeneity is common in meta-analysis and 
it is necessary to explore the potential sources of between-study 
heterogeneity.50 In our meta-analysis, moderate heterogeneity 
was found in the analysis of household smoking exposure and 
risk of HS, and prenatal tobacco smoke exposure and risk of 
HS. To explore the potential sources of between-study hetero-
geneity, meta-regression with covariates of continent, year, study 
design, HS definition, simple size and the status of adjusting for 
confounders was carried out. Findings showed that the status 
of adjusting for confounders contributed towards the between-
study heterogeneity (p=0.038) in the analysis of household 
smoking exposure and risk of HS.

We found a strong and significant association of ETS exposure 
with HS risk in Europe in most analyses. In Europe, Asia and 
other continents, people’s ideological conceptions and lifestyles 
are different. On the one hand, people in different continents 
have various genetic factors. On the other hand, Europeans 
usually have higher body mass index than Asians and other 
continents’ people. The prevalence of childhood obesity has 
tripled in the past few decades and is considered to be one of the 
most important comorbidities associated with HS in children.51 
These may explain the different results of different continents.

This meta-analysis has several strengths. First, our study 
included a relatively large number of participants, reducing 
sampling error to a great extent and allowing a much greater 
possibility to draw reasonable conclusions. Second, the ORs 
adjusted for the most confounders in the original studies were 
extracted, which makes the results more credible. Third, dose-re-
sponse analysis was performed to better describe the association 
of household smoking exposure with risk of HS. Fourth, the 
results of the cumulative meta-analysis indicated that household 
smoking exposure was associated with the risk of HS and the 
OR tended to be stable. Fifth, we found no evidence of publi-
cation bias in this meta-analysis. In addition, we evaluated and 
compared the effect of ETS by different family members and 
prenatal smoke exposure on the risk of HS.

Nevertheless, our study also has a few limitations. First, most 
of the studies we included were cross-sectional studies, and we 
need more prospective cohort studies to confirm these results. 
Second, some studies did not adjust for confounding factors, 
and the confounders that were adjusted for in each study were 
different. Third, the HS definition was different among studies, 
which might influence the results to some extent. Fourth, it 
was difficult to disentangle the independent effects of prenatal 
tobacco smoke exposure from the time after birth as a result 
of the high concordance of smoking by the mother in the two 
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Figure 4  The dose-response analysis between household smoking exposure and the risk of HS with restricted cubic splines in a multivariate 
random-effects dose-response model. The solid line and the long dash line represent the estimated relative risks and its 95% CIs. Short dash line 
represents the linear relationship. HS, habitual snoring. 

periods. Besides, the assessment for ETS exposure was based on 
parent-completed questionnaires. An objective index is needed 
to improve the reliability of assessing ETS exposure.

Conclusion
Results from this meta-analysis indicate that exposure to ETS is 
associated with increased risk of HS and the effects are stron-
gest in children who exposed to prenatal tobacco smoke expo-
sure. This article may create a ‘teachable moment’ for parents to 
consider quitting smoking and giving our findings clinical and 
public health implications.

What is already known on this subject

►► Exposure to environmental tobacco smoke (ETS) has a 
negative impact on the health of children.

►► Many studies have been conducted to assess the association 
of ETS exposure with habitual snoring (HS) risk and the 
results remain controversial.

What this study adds

►► This is the first meta-analysis to evaluate and compare the 
effect of ETS by different family members and prenatal smoke 
exposure on the risk of HS in children.

►► This meta-analysis indicates that exposure to ETS, in 
particularly prenatal tobacco smoke exposure and maternal 
smoking, is associated with increased risk of HS. It may 
encourage parents to give up smoking.
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