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A B S T R A C T

Objectives: Allergic rhinitis (AR), a common chronic inflammatory disease in the upper airways. The prevalence
of AR in children seems to be increasing recently, and the most significant causes of the increase are thought to
be changes in environmental factors, especially air pollution. However, we could not find any meta-analysis on
the risk of air pollution exposure on the prevalence of AR in childhood. The aim of this research was to carry out
a meta-analysis on the results of recent studies (21 s t century) to present valid information about exposure to air
pollution and risk of prevalence of childhood AR.
Methods: PubMed, Science, Google Scholar, Elsevier and MDPI web database were searched up to January 1,
2000 to February 28, 2018. Including of air pollution and AR in childhood related to the observation of lit-
erature. Meta-analysis, study quality assessment, heterogeneity analysis and publication bias test were using
Stata-MP 14.1 and Review Manager version 5.3 software.
Results: 13 studies will be included in the meta-analysis (8 cross-sectional studies, 5 cohort studies). Exposure to
NO2 (OREurope= 1.031, 95%CI [1.002,1.060], P= 0.033; ORAsia= 1.236, 95%CI [1.099,1.390], P= 0.000;
ORoverall = 1.138, 95%CI [1.052,1.231], P=0.001); Exposure to SO2 (OREurope= 1.148, 95%CI [1.030,1.279],
P=0.012; ORAsia= 1.044, 95%CI [0.954,1.142], P= 0.352; ORoverall = 1.085, 95%CI [1.013,1.163],
P=0.020); Exposure to PM10 (OREurope= 1.190, 95%CI [1.092,1.297], P=0.000; ORAsia= 1.075, 95%CI
[0.995,1.161], P= 0.066; ORoverall = 1.125, 95%CI [1.062,1.191], P= 0.000); Exposure to PM2.5

(OREurope= 1.195, 95%CI [1.050,1.360], P= 0.007; ORAsia= 1.163, 95%CI [1.074,1.260], P= 0.000;
ORoverall = 1.172, 95%CI [1.095,1.254], P= 0.000).
Conclusions: Exposed to air pollution probable is a risk of prevalence of childhood AR. And the prevalence of AR
will be increase when exposed to NO2, SO2, PM10 and PM2.5, but maybe the relationship between SO2/PM10 and
prevalence of AR are not closely in Asia.

1. Introduction

Allergic rhinitis (AR), a common chronic inflammatory disease in
the upper airways, affects about 30–40% of the population worldwide.
Also, AR is a common problem for children, which develops based on
disruptions in the immune system. The probability of human gene
mutation has not changed significantly, but reports that over the past
few decades indicated that the prevalence of AR in children seems to be
increasing [1–4]. The most significant causes of the increase are
thought to be changes in environmental factors, such as air pollution,
socioeconomic status, cultural difference, lifestyle changes or exposure
to new allergens [5,6]. Among them, air pollution is regarded as the
most important one. The existing evidences provides considerable
support for the existing literature, if childhood exposure to airborne

pollutants is a considerable predictor of respiratory morbidity in
childhood, early [7].

Air pollution, it is a major and rising danger in an environment
associated with persistent increases in medical expense and morbidity.
Air pollution refers to ozone (O3), nitrogen dioxide (NO2), sulfur di-
oxide (SO2) and particulate matter (PM), and so on [8]. Their harmful
effects on respiratory system have acquired much awareness. It has
been reported that exposure to outdoor air pollutants such as NO2, SO2,
O3 and PM have adverse effects on immune competent cells and airway
responsiveness [9], and there are also different air pollutants in dif-
ferent regions. Recent reports have demonstrated an association be-
tween high levels of bad air quality and an increased risk of allergic
sensitization and prevalence of airway inflammatory diseases, such as
COPD, bronchitis, asthma and AR.
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As we all know, AR has a significant impact on the quality of life of
patients by causing uncomfortable symptoms such as nasal congestion,
nasal pruritus, sneezing, rhinorrhea and nasal obstruction.
Furthermore, AR is a risk factor for asthma, allergic conjunctivitis,
rhinosinusitis, nasal polyposis, and secretory otitis media, resulting in
important medical and social problems, especially in childhood. Thus,
in this study, we focused on the associations between air pollution and
children's AR. The aim of this research was to carry out a meta-analysis
on the results of all conducted studies to present valid information
about the correlations between the concentration of airborne pollutants
and the prevalence of AR in childhood. Then, we aimed to assess the
impact of specific pollutants exposure on the risk of AR in children.

2. Methods

Two researchers performed a systematic search independently to
find the studies on AR and air pollution in childhood. Several web
databases including PubMed, Science, Google Scholar, Elsevier and
MDPI were searched for relevant articles, and searched up to January 1,
2000 to February 28, 2018.

Relevant studies were identified using four sets of keyword combi-
nations.

1. ‘Children/Kids/childhood’ and ‘air pollution/air pollutants’ and
‘allergic rhinitis/respiratory allergic diseases’;

2. ‘Children/Kids/childhood’ and ‘air quality’ and ‘allergic rhinitis/
respiratory allergic diseases’;

3. ‘Children/Kids/childhood’ and ‘environment’ and ‘allergic rhinitis/
respiratory allergic diseases’;

4. ‘Children/Kids/childhood’ and ‘nitrogen dioxide (NO2)/sulfur di-
oxide (SO2)/particulate matter (PM)’ and ‘allergic rhinitis/re-
spiratory allergic diseases’.

We limited the language to English when searched. And we sear-
ched manually the reference lists of all included studies.

The inclusion criteria of meta-analysis included three points. The
first, only observational studies including cross-sectional, cohort and
case-control studies that have examined the association between air
pollution exposure in childhood (age:0–18) and AR reported, which all
can offer data to calculate the adjusted odds ratio (including gender,
age, family history of asthma and allergic diseases, etc.) of AR with
corresponding 95% confidence intervals (CI) for exposure to air pollu-
tants (NO2/SO2/PM10/PM2.5).

The second explicitly specified the term ‘AR’ as an outcome for in-
vestigation.

The third all documents contain data on air pollutants, including
nitrogen dioxide (NO2), sulfur dioxide (SO2), Particulate
Matter< 10 μm in diameter (PM10) and Particulate Matter
diameter< 2.5 μm (PM2.5) in their respective regions and the interna-
tional evaluation standard for AR.

The exclusion criteria excluded adulthood AR and reviews, com-
ments, incomplete information, governmental reports, letters, experi-
mental studies or abstract.

Two authors independently extracted the parameters of the study
design from each article, the age of the participants, and calculated the
adjusted effect size and the corresponding 95% CI of the corrected odds
ratio of the children after exposure to air pollutants (NO2, SO2, PM2.5,
PM10). If necessary, resolve differences by discussing, examining, and
negotiating with a third author.

Heterogeneity between study results was assessed using the Cochran
Q statistic test and sensitivity analysis. I2 statistic to determine the
percentage of variability due to heterogeneity in the use. Study results
were considered consistent when there was less than 50% variation due
to heterogeneity, using fixed effects models, on the contrary, using
random effects models (I2> 50%). Using random-effect meta-regres-
sion to study significant heterogeneity to determine which study-level

factors explained heterogeneity [10]. Sensitivity analysis was used to
evaluate the stability of the included literature and subgroup analysis
by region. And subgroup analysis by region. All analyses were per-
formed using the software Stata-MP 14.1(Stata Corporation, College
Station, TX) and Review Manager version 5.3.

According to population scale research design, air pollution ex-
posure measurement, contact time measurement method, doctor diag-
nosis, methodological quality of assessment study, international clas-
sification of diseases and questionnaire of ISAAC, confounding controls
utilized, and statistical methods used. The quality of the study was
evaluated using the Combie [11] for cross-sectional studies and the
Newcastle Ottawa Scale (NOS) [12] for cohort studies. The total 7.0
points, 6.0–7.0 points evaluated level A, 4.0–5.5 points evaluated level
B, less than 4.0 point was level C when using the Combie. And in cohort
studies, full score was 9 points, 5–9 points can be assessed high level by
NOS.

3. Results

Following the development of our search strategy, Totally, 547 re-
levant articles were resulted from primary research in web databases
including PubMed, Science, Google Scholar, Elsevier and MDPI. After
deleting duplicate articles and reviews, 389 relatively articles were
obtained. Then, 344 articles were excluded due to irrelevance to study
the subject after evaluation of titles and abstracts, so 45 articles in-
cluded in the study for reviewing full-text. Next, 32 articles were ex-
cluded after reviewing full-texts due to incomplete information and
low-quality studies. Thus, 13 studies that met inclusive criteria were
included in the meta-analysis (Fig. 1).

These studies were published from January 1, 2000 to February 28,
2018. Eight of the included articles had been carried out as cross-sec-
tional surveys and five of them had been carried out as cohort studies,
including 123266 A R children contributed to the meta-analysis. Of
these studies, 12 analyzed the correlations between NO2; 9 articles re-
lated to SO2; 11 studies related to PM10 concentrations and AR risk, and
4 reported the correlation between PM2.5 concentration and AR risk.

The basic information of 13 included studies is summarized in
Table 1.

Verification of heterogeneity analysis mainly through sensitivity
analysis and the Cochran Q statistic test. For sensitivity analysis, the
results were overall more stable in our analyses.

12 studies [13–23,25] (totally, 92607 children with AR) about air
pollutants and AR were selected in this research. Because of the het-
erogeneity PEurope= 0.73, I2= 0%; PAsia = 0.054, I2= 49.5%;
Poverall = 0.001, I2= 66.6%, so we used the random effect method to
evaluate. Our results showed statistical correlations between the con-
centration of NO2 and the prevalence of childhood AR
(OREurope= 1.031, 95%CI [1.002,1.060], P=0.033; ORAsia = 1.236,
95%CI [1.099,1.390], P=0.000; ORoverall = 1.138, 95%CI
[1.052,1.231], P=0.001). The results demonstrated that air pollutant–
NO2 might significantly increase the risk of AR in childhood (Fig. 2).

Nine studies [13,15–17,19–23] (totally, 46392 children with AR)
about SO2 and AR were selected in this research. Based on the results of
fixed effect method (PEurope= 0.817, I2= 0%; PAsia= 0.611, I2= 0%;
Poverall = 0.613, I2= 0%), statistical correlations between the con-
centration of SO2 and the prevalence of childhood AR were not been
found (OREurope= 1.148, 95%CI [1.030,1.279], P=0.012;
ORAsia = 1.044, 95%CI [0.954,1.142], P=0.352; ORoverall = 1.085,
95%CI [1.013,1.163], P=0.020). There is no correlation between SO2

and AR in Asia, but overall analysis of SO2 has a risk for AR in child-
hood (Fig. 3).

Associations between PM10 and AR were reported in eleven studies
[13,15–23,25] (totally, 87169 children with AR). Because of low het-
erogeneity (PEurope= 0.623, I2= 0%; PAsia= 0.693, I2= 0%;
Poverall = 0.568, I2= 0%), fixed effect method was used. Our results
showed that there was an obvious association between exposure to
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PM10 and AR children incidence (OREurope= 1.190, 95%CI
[1.092,1.297], P=0.000; ORAsia = 1.075, 95%CI [0.995,1.161],
P=0.066; ORoverall = 1.125, 95%CI [1.062,1.191], P= 0.000). There
is no correlation between PM10 and AR in Asia, but overall analysis of
PM10 has a risk for AR in childhood (Fig. 4).

4 studies [14,18,23,24] (totally, 39753 children with AR) about
PM2.5 and AR were selected in this research. Because of heterogeneity
(PEurope= 0.175, I2= 45.6%; PAsia= 0.163, I2= 48.6%;
Poverall = 0.272, I2= 23.1%), fixed effect method was used. Our results
showed that the prevalence of AR in childhood statistically associated
with exposure to PM2.5(OREurope= 1.195, 95%CI [1.050,1.360],
P=0.007; ORAsia = 1.163, 95%CI [1.074,1.260], P=0.000;
ORoverall = 1.172, 95%CI [1.095,1.254], P=0.000). These demon-
strated that there was a significant association between exposure to
PM2.5 for AR in childhood (Fig. 5).

4. Discussion

AR is caused by inappropriate immunological response to airborne
antigens. This meta-analysis presented a comprehensive report that is

the first quantitative summary of the prevalence of AR in childhood and
air pollution. Our results showed a major correlation between the
concentrations of main pollutants and the prevalence of AR in children.
These results demonstrated that in childhood, exposure to NO2, SO2,
PM10 and PM2.5 significantly all increased the risk of suffering from AR.
NO2, SO2, PM10 and PM2.5 presented risk factors for AR in childhood.
However, these is no associations were not found in SO2 and PM10 in
Asia region.

Air pollution refers to nitrogen dioxide (NO2), sulfur dioxide (SO2),
particulate matter (PM)and ozone (O3) and so on. Their harmful effects
on respiratory system have acquired much awareness. Recent studies
have demonstrated an association between high levels of air quality and
an increased risk of allergic diseases. (Air Pollution and Allergic
Disease) Exposure to environmental pollutants especially in the air, has
in fact been identified as a major cause of many common diseases and
allergies. Joanna et al. reported that outdoor air contaminants were
major environmental factors responsible for adverse respiratory health
effects in children [26]. Epidemiological investigation provided evi-
dence that exposure to outdoor air pollutants such as NO2, SO2, PM and
O3 have adverse effects on immune cells and airway

Fig. 1. Flowchart for identification of studies selected.
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hyperresponsiveness [27]. Mostly consistent with these research, our
meta-analysis showed meaningful correlations between the concentra-
tions of NO2, SO2, PM10 and PM2.5 and the prevalence of AR in child-
hood, but maybe SO2 and PM10 are less impact on AR in Asia.

To explore the impact of NO2 on children with AR, our meta-ana-
lysis included 12 related studies and the results indicated that NO2 was
a risk factor for AR in childhood. Recently, Kuo-Ying Wang et al. [28]
also reported that NO and NO2 were two main air pollutants that were

Fig. 2. Forest plot of the risk of NO2 with AR on children.

Fig. 3. Forest plot of the risk of SO2 with AR on children.
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positively associated with respiratory diseases; Young outpatients (age
0–15 years) were most sensitive to changes air pollution and meteor-
ology factors, followed by the eldest (age≥66 years) and age 16–65
years of outpatients. Furthermore, Katrin et al. [29] found that low
ozone concentrations and NO2 caused the inflammation of the human
nasal mucosa in vitro. Initiation factors such as atopy or pre-existing

inflammation did increase the sensitivity to O3 and NO2.
However, the association between SO2 and children with AR is

controversial. On the one hand, our analysis demonstrated that there
were no statistical correlations between the concentration of SO2 and
the prevalence of childhood AR in Asia. An expected cohort study [30]
evaluated the relationship between individual-based exposure to traffic-

Fig. 4. Forest plot of the risk of PM10 with AR on children.

Fig. 5. Forest plot of the risk of PM2.5 with AR on children.
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related air pollution (TRAP) and allergic diseases outcomes during the
first 6 years of life, and they also found no association between SO2

exposure and allergic sensitization. Meanwhile et al. [31] found the
relationship between TRAP and AR in middle-school students in
Taiwan, China, and found significant associations for TRAP (e.g. CO,
NOx and O3) in both sexes but none for SO2. On the other hand, some
new literature have found that SO2 concentrations were closely asso-
ciated with the prevalence of AR. We think these differences may
mostly ascribe to disparity in region, race, ethnicity, and so on, for
example, China's major air pollutants have been transformed from SO2

to PM, which required more research to illustrate.
Experimental exposure of PM leads to oxidative stress, airway hy-

perresponsiveness, and airway remodeling, either alone or in combi-
nation with allergic sensitization [32]. Children are more affected than
adults, and boys more affected than girls [33]. Our meta-analysis de-
monstrated that PM10 and PM2.5 were risk factors for AR. PM can act as
allergen carriers, aggravating allergic reactions, and smaller particles
can enter the respiratory tract, breaking the mucosa [34]. However, it
should be noted that in addition to the size of PM, the chemical com-
positions are very significant for understanding the health effects of PM.
And Individuals also have different susceptibility to air pollutants,
which requires us to further explore.

5. Conclusion

All in all, our meta-analysis demonstrates an association between
exposure to air pollution and the risk of AR in childhood. The air pol-
lution exposure is a risk factor for AR among children, and the pre-
valence of AR will be increase when exposed to NO2, SO2, PM10 and
PM2.5, but maybe the relationship between SO2/PM10 and prevalence of
AR are not closely in Asia. The findings highlight the need for more
comprehensive atmospheric control policies by government depart-
ments to protect sensitive kids and the importance of continuously
modifying existing regulations considering recent discoveries. So, it is
of great significance to continue to explore the correlation between air
pollution and AR for improving the prevention and treatment of it.

Declarations

Ethics approval and consent to participate (not applicable)

The authors declare no financial or other conflicts of interest re-
garding the content of this article.

Consent for publication

Not applicable.

Availability of data and material

We guarantee that all data are true and reliable, all from our re-
search group.

A total of 13 articles were included in the full text for meta-analysis,
and we manually searched from the web database including PubMed,
Science, Google Scholar, Elsevier and MDPI. By reading the full text, we
can find OR related to air pollution from the results (original, table or
figure).

All data generated or analyzed during this study are included in this
published article and its supplementary information files.

Competing interests

The authors Qi-Yuan Zou and Yang Shen are contributed equally
who are the first author.

The authors disclose no conflict of interest regarding this work.

Funding

This study was supported by the National Natural Science
Foundation of China (81500774).

Authors' contributions

QyZ was an independent reviewer who a major contributor in
writing the manuscript.

YS was the second reviewer who a major contributor in writing and
modified the manuscript.

XK provided a lot of help in the literature search.
SlH and HyK guided and reviewed the entire Meta-analysis.

Acknowledgements

Thanks to all authors who contributed to the air pollution and
children in the inclusion of literatures.

List of abbreviations

AR Allergic rhinitis
NO2 Nitrogen dioxide
SO2 sulfur dioxide
PM particulate matter
O3 Ozone
OR Odds Ratio
CI confidence intervals
NOS The Newcastle Ottawa Scale
TRAP Traffic-related air pollution

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.
doi.org/10.1016/j.ijporl.2018.06.039.

References

[1] D. Strachan, B. Sibbald, S. Weiland, N. Aït-Khaled, G. Anabwani, H.R. Anderson,
M.I. Asher, R. Beasley, B. Björkstén, M. Burr, T. Clayton, J. Crane, P. Ellwood,
U. Keil, C. Lai, J. Mallol, F. Martinez, E. Mitchell, S. Montefort, N. Pearce,
C. Robertson, J. Shah, A. Stewart, E. von Mutius, H. Williams, Worldwide variations
in prevalence of symptoms of allergic rhinoconjunctivitis in children: the
International Study of Asthma and Allergies in Childhood (ISAAC), Pediatr. Allergy
Immunol. 8 (1997) 161–176.

[2] N. Aït-Khaled, N. Pearce, H.R. Anderson, P. Ellwood, S. Montefort, J. ShahISAAC
Phase Three Study Group, Global map of the prevalence of symptoms of rhino-
conjunctivitis in children: the international study of asthma and allergies in child-
hood (ISAAC) phase three, Allergy 64 (2009) 123–148, http://dx.doi.org/10.1111/
j.1398-9995.2008.01884.x.

[3] D.H. Kim, Y.S. Park, H.J. Jang, J.H. Kim, D.H. Lim, Prevalence and allergen of
allergic rhinitis in Korean children, Am J Rhinol Allergy 30 (2016) e72–e78, http://
dx.doi.org/10.2500/ajra.2013.27.4317.

[4] G. Rotiroti, G.K. Scadding, Allergic rhinitis-an overview of a common disease,
Paediatr. Child Health 26 (7) (2016) 298–303 https://doi.org/10.1016/j.paed.
2016.03.006.

[5] J. Dunlop, E. Matsui, H.P. Sharma, Allergic rhinitis: environmental determinants,
Immunol. Allergy Clin. 36 (2) (2016) 367–377, http://dx.doi.org/10.1016/j.iac.
2015.12.012 Epub 2016 Mar 10.

[6] M.J. Mercer, G. Joubert, R.I. Ehrlich, H. Nelson, M.A. Poyser, A. Puterman,
E.G. Weinberg, Socioeconomic status and prevalence of allergic rhinitis and atopic
eczema symptoms in young adolescents, Pediatr. Allergy Immunol. 15 (2004)
234–241, http://dx.doi.org/10.1111/j.1399-3038.2004.00125.x.

[7] N.A. Clark, P.A. Demers, C.J. Karr, M. Koehoorn, C. Lencar, L. Tamburic, M. Brauer,
Effect of early life exposure to air pollution on development of childhood asthma,
Environ. Health Perspect. 118 (2010) 284–290, http://dx.doi.org/10.1289/ehp.
0900916.

[8] Y.H.Pui David, Sheng-Chieh Chen, Zhili Zuo, PM2.5 in China: measurements,
sources, visibility and health effects, and mitigation, Particuology 13 (2014) 1–26
https://doi.org/10.1016/j.partic.2013.11.001.

[9] R.J. Delfino, J. Chang, J. Wu, C. Ren, T. Tjoa, B. Nickerson, D. Cooper, D.L. Gillen,
Repeated hospital encounters for asthma in children and exposure to traffic-related
air pollution near the home, Ann. Allergy Asthma Immunol. 102 (2009) 138–144,
http://dx.doi.org/10.1016/S1081-1206(10)60244-X.

Q.-Y. Zou et al. International Journal of Pediatric Otorhinolaryngology 112 (2018) 82–90

89

http://dx.doi.org/10.1016/j.ijporl.2018.06.039
http://dx.doi.org/10.1016/j.ijporl.2018.06.039
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref1
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref1
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref1
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref1
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref1
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref1
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref1
http://dx.doi.org/10.1111/j.1398-9995.2008.01884.x
http://dx.doi.org/10.1111/j.1398-9995.2008.01884.x
http://dx.doi.org/10.2500/ajra.2013.27.4317
http://dx.doi.org/10.2500/ajra.2013.27.4317
https://doi.org/10.1016/j.paed.2016.03.006
https://doi.org/10.1016/j.paed.2016.03.006
http://dx.doi.org/10.1016/j.iac.2015.12.012
http://dx.doi.org/10.1016/j.iac.2015.12.012
http://dx.doi.org/10.1111/j.1399-3038.2004.00125.x
http://dx.doi.org/10.1289/ehp.0900916
http://dx.doi.org/10.1289/ehp.0900916
https://doi.org/10.1016/j.partic.2013.11.001
http://dx.doi.org/10.1016/S1081-1206(10)60244-X


[10] J. Gasana, D. Dillikar, A. Mendy, E. Forno, E. Ramos Vieira, Motor vehicle air
pollution and asthma in children: a meta-analysis, Environ. Res. 117 (2012) 36–45,
http://dx.doi.org/10.1016/j.envres.2012.05.001.

[11] CROMBIEI, Pocket Guide to Critical Appraisal, John Wiley & Sons, London, 1996
113–113.

[12] A. Stang, Critical evaluation of the Newcastle-Ottawa scale for the assessment of the
quality of nonrandomized studies in meta-analyses, Eur. J. Epidemiol. 25 (9) (2010)
603–605, http://dx.doi.org/10.1007/s10654-010-9491-z Epub 2010 Jul 22.

[13] C. Pénard-Morand, D. Charpin, C. Raherison, C. Kopferschmitt, D. Caillaud,
F. Lavaud, I. Annesi-Maesano, Long-term exposure to background air pollution
related to respiratory and allergic health in schoolchildren, Clin. Exp. Allergy 35
(2005) 1279–1287, http://dx.doi.org/10.1111/j.1365-2222.2005.02336.x.

[14] I. Annesi-Maesano, D. Moreau, D. Caillaud, F. Lavaud, Y. Le Moullec, A. Taytard,
G. Pauli, D. Charpin, Residential proximity fine particles related to allergic sensi-
tisation and asthma in primary school children, Respir. Med. 101 (2007)
1721–1729, http://dx.doi.org/10.1016/j.rmed.2007.02.022.

[15] C. Pénard-Morand, C. Raherison, D. Charpin, C. Kopferschmitt, F. Lavaud,
D. Caillaud, I. Annesi-Maesano, Long-term exposure to close-proximity air pollution
and asthma and allergies in urban children, Eur. Respir. J. 36 (2010) 33–40, http://
dx.doi.org/10.1183/09031936.00116109.

[16] M.M. Liu, D. Wang, Y. Zhao, Y.Q. Liu, M.M. Huang, Y. Liu, J. Sun, W.H. Ren,
Y.D. Zhao, Q.C. He, G.H. Dong, Effects of outdoor and indoor air pollution on re-
spiratory health of Chinese children from 50 kindergartens, J. Epidemiol. 23 (4)
(2013) 280–287.

[17] Chan Lu, QiHong Deng, CuiYun Ou, WeiWei Liu, Jan Sundell, Effects of ambient air
pollution on allergic rhinitis among preschool children in Changsha, China, Chin.
Sci. Bull. 58 (34) (2013) 4252–4258 https://doi.org/10.1007/s11434-013-5725-2.

[18] H.E. Wood, N. Marlin, I.S. Mudway, S.A. Bremner, L. Cross, I. Dundas, A. Grieve,
J. Grigg, J.B. Jamaludin, F.J. Kelly, T. Lee, A. Sheikh, R. Walton, C.J. Griffiths,
Effects of air pollution and the introduction of the London low emission zone on the
prevalence of respiratory and allergic symptoms in schoolchildren in East London: a
sequential cross-sectional study, PLoS One 10 (8) (2015) e0109121, , http://dx.doi.
org/10.1371/journal.pone.0109121.

[19] H.H. Kim, C.S. Lee, S.D. Yu, J.S. Lee, J.Y. Chang, J.M. Jeon, H.R. Son, C.J. Park,
D.C. Shin, Y.W. Lim, Near-road exposure and impact of air pollution on allergic
diseases in elementary school children: a cross-sectional study, Yonsei Med J. May
57 (3) (2016) 698–713, http://dx.doi.org/10.3349/ymj.2016.57.3.698.

[20] H.Y. Chung, C.J. Hsieh, C.C. Tseng, L.M. Yiin, Association between the first oc-
currence of allergic rhinitis in preschool children and air pollution in Taiwan, Int. J.
Environ. Res. Publ. Health 13 (2016) 268, http://dx.doi.org/10.3390/
ijerph13030268.

[21] W. Liu, C. Huang, Y. Hu, Q. Fu, Z. Zou, C. Sun, L. Shen, X. Wang, J. Cai, J. Pan,
Y. Huang, J. Chang, Y. Sun, J. Sundell, Associations of gestational and early life
exposures to ambient air pollution with childhood respiratory diseases in Shanghai,
China: a retrospective cohort study, Environ. Int. 92–93 (2016) 284–293, http://dx.
doi.org/10.1016/j.envint.2016.04.019 Epub 2016 Apr 26.

[22] Q. Deng, C. Lu, Y. Yu, J. Sundell, D. Norbäck, Early life exposure to traffic related

air pollution and allergic rhinitis in preschool children, Respir. Med. 2016 (121)
(2016) 67–73, http://dx.doi.org/10.1016/j.rmed.2016.10.016.

[23] I.J. Wang, T.H. Tung, C.S. Tang, Z.H. Zhao, Allergens, air pollutants, and childhood
allergic diseases, Int. J. Hyg Environ. Health 219 (1) (2015) 66–71 2016 https://
doi.org/10.1016/j.ijheh.2015.09.001.

[24] F. Chen, Z. Lin, R. Chen, D. Norback, C. Liu, H. Kan, Q. Deng, C. Huang, Y. Hu,
Z. Zou, W. Liu, J. Wang, C. Lu, H. Qian, X. Yang, X. Zhang, F. Qu, J. Sundell,
Y. Zhang, B. Li, Y. Sun, Z. Zhao, The effects of PM2.5 on asthmatic and allergic
diseases or symptoms in preschool children of six Chinese cities, based on China,
Children, Homes and Health (CCHH) project, Environ. Pollut. (2017) 1–9, http://
dx.doi.org/10.1016/j.envpol.2017.08.072 Epub 2017 Sep. 29.

[25] D. Norbäck, C. Lu, J. Wang, Y. Zhang, B. Li, Z. Zhao, C. Huang, X. Zhang, H. Qian,
Y. Sun, J. Sundell, Q. Deng, Asthma and rhinitis among Chinese children — indoor
and outdoor air pollution and indicators of socioeconomic status (SES), Environ.
Int. 115 (2018) 1–8, http://dx.doi.org/10.1016/j.envint.2018.02.023.

[26] J. Kasznia-Kocot, M. Kowalska, R.L. Górny, A. Niesler, A. Wypych-Ślusarska,
Environmental risk factors for respiratory symptoms and childhood asthma, Ann.
Agric. Environ. Med. 17 (2010) 221–229.

[27] Ki-Hyun Kim, Shamin Ara Jahan, Ehsanul Kabir, A review on human health per-
spective of air pollution with respect to allergies and asthma, Environ. Int. 59
(2013) 41–52, http://dx.doi.org/10.1016/j.envint.2013.05.007 Epub 2013 Jun 12.

[28] K.-Y. Wang, T.-T. Chau, An association between air pollution and daily outpatient
visits for respiratory disease in a heavy industry area, PLoS One 8 (10) (2013)
e75220, , http://dx.doi.org/10.1371/journal.pone.0075220.

[29] K. Schierhorn, M. Zhang, C. Matthias, G. Kunkel, Influence of ozone and nitrogen
dioxide on histamine and interleukin formation in a human nasal mucosa culture
system, Am. J. Respir. Cell Mol. Biol. 20 (1999) 1013–1019, http://dx.doi.org/10.
1165/ajrcmb.20.5.3268.

[30] V. Morgenstern, A. Zutavern, J. Cyrys, I. Brockow, S. Koletzko, U. Krämer,
H. Behrendt, O. Herbarth, A. von Berg, C.P. Bauer, H.E. Wichmann, J. HeinrichGINI
Study Group; LISA Study Group, Atopic diseases, allergic sensitization, and ex-
posure to traffic-related air pollution in children, Am. J. Respir. Crit. Care Med. 177
(2008) 1331–1337, http://dx.doi.org/10.1164/rccm.200701-036OC Epub 2008
Mar 12.

[31] B.F. Hwang, J.J. Jaakkola, Y.L. Lee, Y.C. Lin, Y.L. Guo, Relation between air pol-
lution and allergic rhinitis in Taiwanese school children, Respir. Res. 7 (2006)
23–29, http://dx.doi.org/10.1186/1465-9921-7-23.

[32] L.W. Stanek, J.S. Brown, J. Stanek, J. Gift, D.L. Costa, Air pollution toxicology- a
brief review of the role of the science in shaping the current understanding of air
pollution health risks, Toxicol. Sci. 120 (suppl 1) (2011) S8–S27, http://dx.doi.org/
10.1186/1465-9921-7-23.

[33] S. Esposito, R. Tenconi, M. Lelii, V. Preti, E. Nazzari, S. Consolo, M.F. Patria,
Possible molecular mechanisms linking air pollution and asthma in children, BMC
Pulm. Med. 14 (2014) 31, http://dx.doi.org/10.1186/1471-2466-14-31.

[34] J.L. Devalia, C. Rusznak, R.J. Davies, Air pollution in the 1990s–cause of increased
respiratory disease, Respir. Med. 88 (1994) 241–244.

Q.-Y. Zou et al. International Journal of Pediatric Otorhinolaryngology 112 (2018) 82–90

90

http://dx.doi.org/10.1016/j.envres.2012.05.001
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref11
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref11
http://dx.doi.org/10.1007/s10654-010-9491-z
http://dx.doi.org/10.1111/j.1365-2222.2005.02336.x
http://dx.doi.org/10.1016/j.rmed.2007.02.022
http://dx.doi.org/10.1183/09031936.00116109
http://dx.doi.org/10.1183/09031936.00116109
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref16
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref16
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref16
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref16
https://doi.org/10.1007/s11434-013-5725-2
http://dx.doi.org/10.1371/journal.pone.0109121
http://dx.doi.org/10.1371/journal.pone.0109121
http://dx.doi.org/10.3349/ymj.2016.57.3.698
http://dx.doi.org/10.3390/ijerph13030268
http://dx.doi.org/10.3390/ijerph13030268
http://dx.doi.org/10.1016/j.envint.2016.04.019
http://dx.doi.org/10.1016/j.envint.2016.04.019
http://dx.doi.org/10.1016/j.rmed.2016.10.016
https://doi.org/10.1016/j.ijheh.2015.09.001
https://doi.org/10.1016/j.ijheh.2015.09.001
http://dx.doi.org/10.1016/j.envpol.2017.08.072
http://dx.doi.org/10.1016/j.envpol.2017.08.072
http://dx.doi.org/10.1016/j.envint.2018.02.023
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref26
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref26
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref26
http://dx.doi.org/10.1016/j.envint.2013.05.007
http://dx.doi.org/10.1371/journal.pone.0075220
http://dx.doi.org/10.1165/ajrcmb.20.5.3268
http://dx.doi.org/10.1165/ajrcmb.20.5.3268
http://dx.doi.org/10.1164/rccm.200701-036OC
http://dx.doi.org/10.1164/rccm.200701-036OC
http://dx.doi.org/10.1186/1465-9921-7-23
http://dx.doi.org/10.1186/1465-9921-7-23
http://dx.doi.org/10.1186/1465-9921-7-23
http://dx.doi.org/10.1186/1471-2466-14-31
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref34
http://refhub.elsevier.com/S0165-5876(18)30291-X/sref34

















	2018-112-82-90.pdf
	2018-112-82-90.pdf
	Exposure to air pollution and risk of prevalence of childhood allergic rhinitis: A meta-analysis
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Declarations
	Ethics approval and consent to participate (not applicable)
	Consent for publication
	Availability of data and material
	Competing interests
	Funding
	Authors' contributions

	Acknowledgements
	List of abbreviations
	Supplementary data
	References


	NO2data.pdf
	PM10data.pdf
	SO2data.pdf
	PM2.5data.pdf

	NO2.pdf
	PM10.pdf
	SO2.pdf
	PM2.5.pdf

