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Exposure to tobacco smoke and 
childhood rhinitis: a population-
based study
Tsung-Chieh Yao1,2,3, Su-Wei Chang4, Wei-Chiao Chang5, Ming-Han Tsai3,6, Sui-Ling Liao3,6, 
Man-Chin Hua3,6, Shen-Hao Lai3,7, Kuo-Wei Yeh1,3, Yu-Lun Tseng1,3, Wan-Chen Lin1,3, 
Hui-Ju Tsai8,9,10 & Jing-Long Huang1,3

Exposure to tobacco smoke has been associated with harmful effects on child health. The association 
between tobacco smoke exposure and childhood rhinitis has not been established in developed or 
developing countries. We investigated the association between serum cotinine levels and rhinitis in a 
population sample of 1,315 Asian children. Serum cotinine levels were positively associated with rhinitis 
ever (adjusted odds ratio [AOR] = 2.95; 95% confidence interval [CI]: 1.15–7.60) and current rhinitis 
(AOR = 2.71; 95% CI: 1.07–6.89), while the association for physician-diagnosed rhinitis approaching 
borderline significance (AOR = 2.26; 95% CI: 0.88–5.83). Stratified analyses demonstrated significant 
association of serum cotinine levels with current rhinitis among children without allergic sensitization 
(AOR = 6.76; 95% CI: 1.21–37.74), but not among those with allergic sensitization. Serum cotinine 
levels were positively associated with rhinitis ever (AOR = 3.34; 95% CI: 1.05–10.61) and current rhinitis 
(AOR = 4.23; 95% CI: 1.28–13.97) among adolescents but not in children aged less than 10 years. This 
population-based study demonstrates supportive evidence for positive association of tobacco smoke 
exposure with rhinitis, while the effect is mainly confined to non-allergic rhinitis and more pronounced 
in adolescents than in young children, highlighting the need for raising public health awareness about 
the detrimental effects of tobacco smoke exposure on children’s respiratory health.

Allergic diseases commonly develop during childhood as a result of interaction between genetic and environmen-
tal factors1. For several decades, there has been a remarkable increase in prevalence of childhood allergic diseases 
such as asthma, allergic rhinitis, and atopic dermatitis (eczema), which has reached epidemic numbers in several 
countries including Taiwan2–4. Specifically, the prevalence of allergic rhinoconjunctivitis in 6–7-year-old children 
in Taiwan is among the highest around the world3, attracting substantial research and public attention. Changes 
in lifestyle are thought to be at least partly responsible for the allergy epidemics extending beyond the past few 
decades2.

Tobacco use is one of the leading modifiable risk factors for non-communicable diseases5. Smoking population 
has been estimated around 1.3 billion worldwide6. It is estimated that approximately one billion people may die 
due to tobacco-related causes during the twenty-first century6. Exposure to environmental tobacco smoke is one 
of the most common preventable health hazards for children7, whose respiratory and immune systems are still 
growing and defense mechanisms are relatively vulnerable. Using data collected from 192 countries, Oberg et al.  
report that approximately 40% of children, 33% of men, and 35% of women worldwide are regularly exposed to 
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indoor passive smoke8. Our recent work estimates that 52.5% of children are exposed to household passive smoke 
in Taiwan, a country in East Asia9. Previous studies assessing the association between tobacco smoke exposure 
and allergic diseases in children have shown inconclusive results10,11, which may be explained in part by differ-
ences in extent of tobacco smoke exposure, populations, methods, and sample size across studies. Most studies 
investigating the effects of tobacco smoke exposure on allergic diseases in children have frequently relied on 
subjective questionnaires, without objective measurement to characterize the extent of tobacco smoke exposure 
and allergic sensitization. In addition, while the majority of previous studies have been conducted in western 
countries, little is known about the health impact of tobacco smoke exposure on Asian children.

The present study aimed to assess the relationship of tobacco smoke exposure (measured objectively by serum 
cotinine levels) with rhinitis in children and adolescents in a well-characterized population-based Asian cohort, 
the Prediction of Allergies in Taiwanese CHildren (PATCH) study.

Results
Subject characteristics. A total of 1,315 children were included in this study. The mean age was 10.3 years 
(standard deviation [SD]: 2.7) and 49.0% of participants were male. Table 1 presents the demographic and clinical 
characteristics among the study participants, with 43.7%, 40.8%, and 37.6% of the children having rhinitis ever, 
current rhinitis, and physician-diagnosed rhinitis, respectively. The mean level of serum cotinine in 1,315 partici-
pants was 1.51 ng/mL (SD: 2.99). When stratifying by gender, the mean and corresponding SD of serum cotinine 
levels were 1.56 (SD: 3.87) ng/ml for boys; and 1.47 (SD: 1.77) ng/ml for girls (P =  0.37). The prevalence of rhinitis 
ever, current rhinitis, and physician-diagnosed rhinitis was 52.3%, 47.3%, and 45.7% for boys; and 35.4%, 34.5%, 
and 29.8% for girls (all Ps <  0.001). In terms of questionnaire response, approximately half of the study partic-
ipants (54.1%) were currently exposed to passive smoke according to parental questionnaire responses. Serum 
cotinine levels were significantly higher in subjects with passive smoke exposure than in those without passive 
smoke exposure (the mean and corresponding SD for subjects with passive smoke exposure: 1.56 ±  2.39 ng/mL; 
the mean and corresponding SD for subjects without passive smoke exposure: 1.30 ±  0.31 ng/mL; P =  0.01). Of 
note, 0.7% (9/1,315) of study participants were active smokers based on children’s self-report.

Association between tobacco smoke exposure and childhood rhinitis. The associations between 
tobacco smoke exposure and childhood rhinitis are illustrated in Fig. 1. After adjusting for confounders, sig-
nificant positive associations were found between serum cotinine levels and rhinitis ever (adjusted odds ratio 

Characteristic All (N = 1,315)

Age, years (mean ±  SD) 10.3 ±  2.7

Gender, n (male/female) (%) 645/670 (49.0)

Anthropometric measurement

 Height, cm (mean ±  SD) 138.9 ±  14.8

 Weight, kg (mean ±  SD) 37.2 ±  13.4

 Body mass index, kg/m2 (mean ±  SD) 18.7 ±  3.6

Household passive smoking, n (yes/no) (%) 692/586 (54.1)

Serum cotinine level, ng/ml (mean ±  SD) 1.51 ±  2.99

Rhinitis ever, n (yes/no) (%) 571/735 (43.7)

Current rhinitis, n (yes/no) (%) 528/767 (40.8)

Physician-diagnosed rhinitis, n (yes/no) (%) 484/803 (37.6)

Allergic sensitization, n (yes/no) (%) 749/562 (57.1)

Table 1.  Demographic and clinical characteristics of the 1,315 study participants.

Figure 1. Plot of adjusted odds ratios with 95% CI (dot with bars) illustrating the association of serum cotinine 
levels (a) and parent-reported household passive smoke exposure (b) with rhinitis ever, current rhinitis, and 
physician-diagnosed rhinitis. AOR, adjusted odds ratio; CI, confidence interval.
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[AOR] =  2.95; 95% confidence interval [CI]: 1.15–7.60; P =  0.03) and current rhinitis (AOR =  2.71; 95% CI: 
1.07–6.89; P =  0.04), while the association for physician-diagnosed rhinitis approaching borderline statistical sig-
nificance (AOR =  2.26; 95% CI: 0.88–5.83; P =  0.09) (Fig. 1a). In contrast, we observed no significant association 
of exposure to household passive smoke which was determined from parental reports with rhinitis ever, current 
rhinitis, or physician-diagnosed rhinitis after adjusting for confounders (Fig. 1b).

We further performed interaction and stratified analyses using allergic sensitization, age, or gender, indi-
vidually, to address whether these factors modified the association between serum cotinine levels and rhinitis. 
We found a borderline significant negative interaction between serum cotinine levels and allergic sensitization 
on current rhinitis (Pcotinine-allergic sensitization =  0.07). No significant interactions between serum cotinine levels and 
allergic sensitization were found on rhinitis ever and physician-diagnosed rhinitis, respectively. Similarly, we 
also found a borderline significant positive interaction between serum cotinine levels and age on current rhini-
tis (Pcotinine-age =  0.07), but not rhinitis ever or physician-diagnosed rhinitis. We found no statistically significant 
interaction between serum cotinine levels and gender on rhinitis ever, current rhinitis, or physician-diagnosed 
rhinitis. In addition, we categorized serum cotinine levels in tertiles and repeated analyses (Supplemental Table 1). 
Similar to the results presented in Fig. 1, significant association between current rhinitis and serum cotinine lev-
els was found when treating serum cotinine levels in tertiles (AOR =  0.99; 95% CI: 0.75–1.31; P =  0.96 in the 2nd 
tertile; AOR =  1.33; 95% CI: 1.01–1.77; P =  0.04 in the 3rd tertile). Likewise, borderline significant association 
between physician-diagnosed rhinitis and serum cotinine levels was also found (AOR =  1.14; 95% CI: 0.86–1.52; 
P =  0.37 in the 2nd tertile; AOR =  1.32; 95% CI: 0.99–1.76; P =  0.06 in the 3rd tertile).

Stratified analysis by allergic sensitization. We further stratified the analyses by allergic sensitization 
status (Table 2). Significant positive association of serum cotinine levels with increased risk of current rhinitis 
was observed among children without allergic sensitization (AOR =  6.76; 95% CI: 1.21–37.74; P =  0.03), but not 
among those with allergic sensitization (AOR =  1.18; 95% CI: 0.40–3.48; P =  0.76; Table 2). In addition, the results 
in Table 2 showed a borderline significant association for rhinitis ever among children without allergic sensitiza-
tion (AOR =  4.64; 95% CI: 0.86–24.32; P =  0.07), but not in their counterpart (AOR =  1.53; 95% CI: 0.50–4.70; 
P =  0.45). We also categorized serum cotinine levels in tertiles and repeated analyses accordingly. The results are 
comparable to those treating cotinine as a continuous variable.

Stratified analysis by age. We then performed stratified analyses to evaluate whether the detrimental 
effects of tobacco smoke exposure on rhinitis could be modified by age (Table 3). The results of age-stratified 
analyses indicated that serum cotinine levels were positively and significantly associated with increased risk of 
rhinitis ever (AOR =  3.34; 95% CI: 1.05–10.61; P =  0.04) and current rhinitis (AOR =  4.23; 95% CI: 1.28–13.97; 
P =  0.02), respectively, among teenagers aged equal to or more than 10 years, but no association was found in 
young children aged less than 10 years (Table 3). When active smokers were excluded in analyses, the associa-
tion of serum cotinine levels with rhinitis ever (AOR =  5.01; 95% CI: 1.02–25.08; P =  0.05) and current rhinitis 
(AOR =  7.39; 95% CI: 1.46–37.41; P =  0.02) remained statistically significant among teenagers aged equal to or 
more than 10 years. Likewise, when classifying serum cotinine levels in tertiles and repeating analyses, the results 
are comparable to those treating cotinine as a continuous variable.

Discussion
In this population-based sample of Asian children aged 5 to 18 years, the results suggested that exposure to 
tobacco smoke was significantly associated with rhinitis, particularly non-allergic rhinitis. Thus, the findings from 
this study provide epidemiological evidence that tobacco smoke exposure poses detrimental effects on respiratory 
health of Asian children in a population setting. More importantly, this study adds new evidence that the adverse 
effect of tobacco smoke exposure is mainly confined to non-allergic rhinitis and more pronounced in teenagers. 
This is one of the largest studies to date to assess the relationship of tobacco smoke exposure, as measured objec-
tively by serum cotinine levels, with rhinitis in a community-based population of 1,315 children.

A global epidemiological study3 reveals that Taiwan has the highest prevalence of allergic rhinoconjunctivitis 
among children aged 6–7 years worldwide and the prevalence has markedly increased by 166% during a 7-year 
period. It has therefore drawn growing public attention to the need for effective strategies to reduce the healthcare 

No. (%) Crude OR (95% CI) P Adjusted OR (95% CI)† P†

Children without allergic sensitization (N =  562)

 Rhinitis ever 143 (25.6) 4.19 (0.85–20.55) 0.08 4.64 (0.86–24.32) 0.07

 Current rhinitis 122 (22.0) 6.23 (1.17–33.20) 0.03 6.76 (1.21–37.74) 0.03

 Physician-diagnosed rhinitis 126 (22.8) 1.69 (0.34–8.37) 0.52 1.63 (0.31–8.61) 0.56

Children with allergic sensitization (N =  749)

 Rhinitis ever 426 (57.3) 1.20 (0.42–3.42) 0.73 1.53 (0.50–4.70) 0.45

 Current rhinitis 403 (54.7) 1.01 (0.36–2.84) 0.99 1.18 (0.40–3.48) 0.76

 Physician-diagnosed rhinitis 356 (48.8) 1.59 (0.50–5.03) 0.43 1.81 (0.55–6.00) 0.33

Table 2.  Association of serum cotinine levels with rhinitis in 1,315 study participants, stratified by allergic 
sensitization*. OR, odds ratio; CI, confidence interval.*Serum cotinine levels were log10-transformed and 
treated as a continuous variable. P-values less than 0.05 are in bold. Four subjects had missing data on allergic 
sensitization. †Adjusted covariates included age, gender, and body mass index.
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burden of childhood allergies in this country. A recent study conducted by our group12 has demonstrated a 
dose-response relationship between tobacco smoke exposure and immunoglobulin E (IgE) sensitization to par-
ticular allergens including cockroaches, grass pollens, and certain foods among children in a general population. 
To date, a few studies have addressed the effects of tobacco smoke exposure on allergic rhinitis in children, though 
results have been inconsistent13–20. The reasons for this inconsistency may be partly explained by differences in 
extent of tobacco smoke exposure, populations, methods, and sample size. A majority of previous studies assessed 
exposure to tobacco smoke using questionnaires rather than using an objective assessment of cotinine levels. In 
a systematic review of 40 studies investigating the role of secondhand smoke in allergic rhinitis20, tobacco smoke 
exposure was evaluated using a cotinine/creatinine ratio in only 1 study21, whereas all other studies used a ques-
tionnaire to evaluate tobacco smoke exposure. Montano-Velazquez et al. found that tobacco smoke exposure was 
related to increased nasal resistance among adolescents with allergic rhinitis in Mexico21. In the current study, 
tobacco smoke exposure, as measured objectively by serum cotinine levels, was significantly related to rhinitis 
among school children in the community, which may have important public health implications. Both clinical 
and policy efforts to eliminate exposure to tobacco smoke might illuminate the potential to effectively and sub-
stantially decrease the health and economic burden of rhinitis in children.

Our findings are in line with previous studies. For example, in a study population of U.S. children and ado-
lescents, Shargorodsky et al. indicated that tobacco smoke exposure was associated with increased prevalence 
of rhinitis symptoms in childhood13. In a study in Finland, parental smoking was associated with symptoms of 
perennial rhinitis in children14. Similarly, Zuraimi et al. found a relationship between home exposure to tobacco 
smoke and increased risks of current symptoms of rhinitis among preschool children in Singapore15. However, 
other studies have failed to find a link between tobacco smoke exposure and rhinitis in children16–19.

Of note, our results demonstrate that the association of tobacco smoke exposure with elevated risk of rhinitis 
is confined mainly to subjects without allergic sensitization. Some might hypothesize that allergic sensitization 
may act as a confounder rather than an effect modifier because parents of atopic children might smoke less. 
However, the fact that the prevalence of household passive smoke exposure and serum cotinine levels were both 
not significantly different between children with and without allergic sensitization suggests that confounding 
alone is unlikely to explain the observed association. Similar findings have been previously reported in Caucasian 
adults in which the association between active smoking and rhinitis was stronger in individuals without allergic 
sensitization22,23. A few plausible hypotheses can be raised. It is likely that tobacco smoke exposure may act as 
a pathogenic factor initiating the occurrence of rhinitis or exaggerating the symptoms of existing rhinitis. In 
contrast, tobacco smoke exposure could act as a modifying factor influencing the persistence of rhinitis. The 
current study, together with our previous work12 showing the relationship between tobacco smoke exposure 
and IgE sensitization clearly indicates that the harmful effect of tobacco smoke on rhinitis may be mediated 
through mechanisms other than IgE-mediated sensitization. The mechanisms behind the link between tobacco 
smoke exposure and non-allergic rhinitis are not yet well understood, but several mechanisms likely involved 
are described as follows. First, previous studies have documented the adverse effect of tobacco smoke exposure 
on nasal physiology and function by impairing mucociliary clearance24, reducing nasal volume25, and increasing 
nasal airway resistance26. Second, neurogenic inflammation resulting from tobacco smoke exposure may serve 
as a pathway distinct from antigen-driven, immune-mediated inflammation to produce vasodilatation, edema 
and infiltration of leukocytes27. Third, there is evidence demonstrating that tobacco smoke exposure can influ-
ence immune system signaling involving Toll-like receptors and the complement system which could favor the 
development of T helper 2 diseases11,28,29. Fourth, it remains possible that various genetic backgrounds, different 
environmental components and their interactions may have certain impact on the observed harmful effect of 
tobacco smoke exposure on rhinitis in the present study. Further investigation on this aspect would be merited.

Interestingly, the observed results from the current study are evident that adolescence, a life period character-
ized by various developmental changes, is a period of heightened vulnerability to the harmful effects of tobacco 
smoke exposure on nasal health. Previous studies reported that average age for children entering puberty was 
approximately 10 years30,31. Therefore, we have classified children aged over and under 10 years in this study. 
Although the underlying mechanisms remain unclear, this phenomenon could be linked to puberty-related 
factors such as hormones, or perhaps other environmental factors and their gene-environment interactions32. 

No. (%) Crude OR (95% CI) P Adjusted OR (95% CI)† P†

Children aged ≥ 10 years (N =  682)

 Rhinitis ever 297 (44.0) 3.37 (1.09–10.42) 0.04 3.34 (1.05–10.61) 0.04

 Current rhinitis 278 (41.4) 4.25 (1.31–13.77) 0.02 4.23 (1.28–13.97) 0.02

 Physician-diagnosed rhinitis 245 (36.7) 2.74 (0.90–8.36) 0.08 2.62 (0.83–8.22) 0.10

Children aged < 10 years (N =  633)

 Rhinitis ever 274 (43.4) 1.25 (0.23–6.80) 0.79 2.35 (0.41–13.36) 0.33

 Current rhinitis 250 (40.1) 0.55 (0.09–3.41) 0.53 0.88 (0.14–5.59) 0.89

 Physician-diagnosed rhinitis 239 (38.6) 0.97 (0.16–5.88) 0.97 1.74 (0.27–11.07) 0.56

Table 3.  Association of serum cotinine levels with rhinitis in 1,315 study participants, stratified by 
age*. OR, odds ratio; CI, confidence interval.*Serum cotinine levels were log10-transformed and treated as a 
continuous variable. P-values less than 0.05 are in bold. †Adjusted covariates include gender and body mass 
index.
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Nevertheless, further longitudinal studies are needed to examine whether adolescence may influence the rela-
tionship between tobacco smoke exposure and respiratory diseases in a more harmful way than their early life.

Notably, we have noted the discrepancy between results obtained from cotinine measurements and those 
analyzed from parental reports of household passive smoke exposure. It is likely that household tobacco smoke 
exposure assessment based on parental reports may underestimate the true extent of exposure and therefore may 
fail to discern the detrimental effects of children’s exposure to tobacco smoke. In contrast to parental reports of 
household passive smoke exposure, cotinine measurements in body fluids is currently considered as the gold 
standard of tobacco smoke exposure assessment. From the literature, parental reports of household passive smoke 
exposure have been found to be potentially biased for some reasons, including under-reporting of household 
smoking status and underestimation of exposure outside the household33, which taken together could have 
contributed to an underestimation of the extent of passive tobacco smoke exposure and could have led to the 
observed discrepancy in this study.

The present study has several strengths. First, the study was performed in a representative cohort of children 
recruited from the general population with a large sample size, a wide age distribution, and a high participation 
rate. Second, the quantitative measurement of serum cotinine levels as an objective indicator of tobacco smoke 
exposure is another strength of the study, specifically avoiding the risk of misclassification or underestimation of 
tobacco smoke exposure. Of note, several studies including ours12,34 have documented even though cotinine can 
be served as the best available biomarker reflecting recent exposure to tobacco smoke, cotinine could only be con-
sidered as a proxy for long-term (or cumulative) tobacco smoke exposure. Third, the objective measure of aller-
gic sensitization allows for a better phenotypic characterization of rhinitis. However, some potential limitations 
should be also noted. First, it remains to be confirmed whether the results in this population of Asian children 
in Taiwan are generalizable to other ethnic populations or other geographic regions. Second, the cross-sectional 
nature of this study is a limitation which precludes our ability to make causal inferences about the observed 
associations. Further long-term cohort studies to examine longitudinal/ temporal impact of tobacco smoke expo-
sure on rhinitis in children would be merited. Third, as indicated above, tobacco smoke exposure has impact on 
Toll-like receptors and the complement system which could favor the development of T helper 2 diseases11,28,29. 
However, we did not measure expression levels of Th1 and Th2 cytokines in the present study. It will be merited 
to further investigate the relationship between serum cotinine levels and Th1 and Th2 cytokines. Fourth, we did 
not provide an optimal cut-off threshold of serum cotinine to differentiate between active and passive smokers in 
our study population. Further investigation would be needed to determine cotinine thresholds for discriminating 
active and passive adolescent smokers.

In conclusion, this population-based study demonstrates new evidence for the significant association of expo-
sure to tobacco smoke with increased risk of rhinitis in children in the general population, while the detrimental 
effect is mainly confined to non-allergic rhinitis and more pronounced in adolescents than in young children. 
Thus, the findings from this study provide supporting evidence for the adverse effects of tobacco smoke exposure 
on the respiratory health of Asian children in a population setting. General public awareness of the harmful 
effects of tobacco smoke exposure together with operational clinical and public health strategies will be of impor-
tance to effectively eliminate exposure to tobacco smoke and hopefully might contribute to decreasing the health 
and economic burden of childhood rhinitis, particularly in countries where rhinitis is epidemic and tobacco 
smoke exposure is common.

Methods
Study participants. A total of 1,315 children recruited from the PATCH study, part of a prospective pop-
ulation-based cohort study, were included in the present study. The PATCH study launched in 2007, aiming to 
investigate the epidemiology and predictive factors related to asthma and allergies in children. Detailed descrip-
tions of the study population, data collection and previous findings in publications derived from the PATCH 
study have been reported elsewhere4,9,12,35–39. The flow chart for subject recruitment is depicted in Fig. 2. Briefly, a 
school-based sample of 5,351 children initially participated in an International Study of Asthma and Allergies in 
Childhood (ISAAC) epidemiologic survey4. Among those, a random sample of 1,900 participants were selected 
and invited to participate in a thorough examination and 1,717 agreed to participate, representing a participa-
tion rate of 90.4%. Parents of all participants answered a questionnaire regarding demographic data, household 
passive smoke exposure, and general health information. We further measured serum levels of cotinine and 
allergen-specific IgE in 1,315 study children whose parents agreed to provide their child’s blood sample. No sta-
tistically significant differences between the characteristics of the study subjects and the original cohort members 
were found, indicating this sampling cohort is representative of the general population. This study was approved 
by the Institutional Review Board of Chang Gung Medical Foundation (No. 102-5592A3) and the parents of all 
participants provided written informed consents. All experiments in this study were performed in accordance 
with the relevant guidelines and regulations.

Exposure assessment. We determined serum levels of cotinine, a metabolite of nicotine, among 1,315 
study children using enzyme-linked immunosorbent assay (ELISA), according to the manufacturer’s instructions 
(Calbiotech, Spring Valley, California). Exposure to household passive smoke was also assessed based on the 
questionnaire data collected by parental reports.

Outcome assessment. Previous and current clinical symptoms of rhinitis and physician diagnosis of rhini-
tis were obtained using a modified ISAAC questionnaire reported by parents of the study participants4,40. Allergic 
sensitization was defined as a positive Phadiatop Infant test result (≥ 0.35 PAU/l). Phadiatop® Infant (Phadia, 
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Uppsala, Sweden) is a reliable alternative to skin prick tests for detecting allergen-specific IgE against the follow-
ing allergens: house dust mite, cat, dog, birch, timothy, ragweed, wall pellitory, egg white, cow’s milk, peanut, and 
shrimp41.

Statistical analysis. Descriptive statistics were reported either as counts and the corresponding percentages, 
or by mean and the corresponding standard deviation (SD), respectively. Kruskal-Wallis equality-of-populations 
rank test was used to test the distribution of serum cotinine levels between boys and girls. Logistic regression 
analyses were applied to determine the association between tobacco smoke exposure (either serum cotinine lev-
els or household passive smoke [yes/no]) and rhinitis, with and without adjustment of covariates such as age, 
gender, and body mass index (BMI). To evaluate potential effect modification, we performed subgroup anal-
ysis, stratified by allergic sensitization, age and gender, separately. To obtain approximate normality, we took 
log10-transformation of serum cotinine values for all analyses. A P-value less than 0.05 was declared to be statisti-
cally significant. All analyses were carried out using STATA 11.0 software (StataCorp, College Station, TX, USA).

References
1. Ober, C. & Yao, T. C. The genetics of asthma and allergic disease: a 21st century perspective. Immunol Rev 242, 10–30 (2011).
2. Platts-Mills, T. A. The allergy epidemics: 1870-2010. J Allergy Clin Immunol 136, 3–13 (2015).
3. Asher, M. I. et al. Worldwide time trends in the prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in 

childhood: ISAAC Phases One and Three repeat multicountry cross-sectional surveys. Lancet 368, 733–743 (2006).
4. Yao, T. C. et al. Associations of Age, Gender, and BMI with Prevalence of Allergic Diseases in Children: PATCH Study. J Asthma 48, 

503–510 (2011).
5. Beaglehole, R. et al. Priority actions for the non-communicable disease crisis. Lancet 377, 1438–1447 (2011).
6. Cheraghi, M. & Salvi, S. Environmental tobacco smoke (ETS) and respiratory health in children. Eur J Pediatr 168, 897–905 (2009).
7. Suzuki, M. et al. Association of environmental tobacco smoking exposure with an increased risk of hospital admissions for 

pneumonia in children under 5 years of age in Vietnam. Thorax 64, 484–489 (2009).
8. Oberg, M., Jaakkola, M. S., Woodward, A., Peruga, A. & Pruss-Ustun, A. Worldwide burden of disease from exposure to second-

hand smoke: a retrospective analysis of data from 192 countries. Lancet 377, 139–146 (2011).
9. Yao, T. C. et al. Exhaled nitric oxide discriminates children with and without allergic sensitization in a population-based study. Clin 

Exp Allergy 41, 556–564 (2011).
10. Saulyte, J., Regueira, C., Montes-Martinez, A., Khudyakov, P. & Takkouche, B. Active or passive exposure to tobacco smoking and 

allergic rhinitis, allergic dermatitis, and food allergy in adults and children: a systematic review and meta-analysis. PLoS Med 11, 
e1001611 (2014).

11. Baena-Cagnani, C. E., Gomez, R. M., Baena-Cagnani, R. & Canonica, G. W. Impact of environmental tobacco smoke and active 
tobacco smoking on the development and outcomes of asthma and rhinitis. Curr Opin Allergy Clin Immunol 9, 136–140 (2009).

12. Yao, T. C. et al. Tobacco smoke exposure and multiplexed immunoglobulin E sensitization in children: a population-based study. 
Allergy 71, 90–98 (2016).

13. Shargorodsky, J., Garcia-Esquinas, E., Navas-Acien, A. & Lin, S. Y. Allergic sensitization, rhinitis, and tobacco smoke exposure in 
U.S. children and adolescents. Int Forum Allergy Rhinol 5, 471–476 (2015).

14. Virkkula, P. et al. Parental smoking, nasal resistance and rhinitis in children. Acta Paediatr 100, 1234–1238 (2011).
15. Zuraimi, M. S., Tham, K. W., Chew, F. T., Ooi, P. L. & David, K. Home exposures to environmental tobacco smoke and allergic 

symptoms among young children in Singapore. Int Arch Allergy Immunol 146, 57–65 (2008).
16. Keil, T. et al. Maternal smoking increases risk of allergic sensitization and wheezing only in children with allergic predisposition: 

longitudinal analysis from birth to 10 years. Allergy 64, 445–451 (2009).
17. Salehi, M. et al. Parental smoking and allergic rhinitis in children. Int Forum Allergy Rhinol 4, 357–360 (2014).

Figure 2. Schematic presentation of the recruitment process of the study participants. 



www.nature.com/scientificreports/

7Scientific RepoRts | 7:42836 | DOI: 10.1038/srep42836

18. Vlaski, E., Stavric, K., Seckova, L., Kimovska, M. & Isjanovska, R. Do household tobacco smoking habits influence asthma, rhinitis 
and eczema among 13–14 year-old adolescents? Allergol Immunopathol (Madr) 39, 39–44 (2011).

19. Tamay, Z. et al. Prevalence and risk factors for allergic rhinitis in primary school children. Int J Pediatr Otorhinolaryngol 71, 463–471 
(2007).

20. Hur, K., Liang, J. & Lin, S. Y. The role of secondhand smoke in allergic rhinitis: a systematic review. Int Forum Allergy Rhinol 4, 
110–116 (2014).

21. Montano-Velazquez, B. B., Navarrete, R. C., Mogica Martinez, M. D., Becerril-Angeles, M. & Jauregui-Renaud, K. Rhinomanometry 
in young patients with perennial allergic rhinitis with/without recent exposure to tobacco smoke. Clin Otolaryngol 36, 320–324 
(2011).

22. Shargorodsky, J., Garcia-Esquinas, E., Galan, I., Navas-Acien, A. & Lin, S. Y. Allergic Sensitization, Rhinitis and Tobacco Smoke 
Exposure in US Adults. PLoS One 10, e0131957 (2015).

23. Hakansson, K. et al. Nonallergic rhinitis and its association with smoking and lower airway disease: A general population study. Am 
J Rhinol Allergy 25, 25–29 (2011).

24. Tamashiro, E. et al. Cigarette smoke exposure impairs respiratory epithelial ciliogenesis. Am J Rhinol Allergy 23, 117–122 (2009).
25. Zavras, A. I., al-Bultan, T., Jackson, A. & White, G. Exposure to passive smoking and other predictors of reduced nasal volume in 

children 7 to 12 years old. The Journal of clinical pediatric dentistry 21, 295–303 (1997).
26. Willes, S. R., Fitzgerald, T. K. & Bascom, R. Nasal inhalation challenge studies with sidestream tobacco smoke. Arch Environ Health 

47, 223–230 (1992).
27. Meggs, W. J. Neurogenic inflammation and sensitivity to environmental chemicals. Environ Health Perspect 101, 234–238 (1993).
28. Prescott, S. L. Effects of early cigarette smoke exposure on early immune development and respiratory disease. Paediatr Respir Rev 

9, 3–9; quiz 10 (2008).
29. Noakes, P. S. et al. Maternal smoking is associated with impaired neonatal toll-like-receptor-mediated immune responses. Eur Respir 

J 28, 721–729 (2006).
30. Janz, K. F., Dawson, J. D. & Mahoney, L. T. Predicting heart growth during puberty: The Muscatine Study. Pediatrics 105, E63 (2000).
31. Wu, T., Mendola, P. & Buck, G. M. Ethnic differences in the presence of secondary sex characteristics and menarche among US girls: 

the Third National Health and Nutrition Examination Survey, 1988–1994. Pediatrics 110, 752–757 (2002).
32. Annesi-Maesano, I. et al. Increased prevalence of asthma and allied diseases among active adolescent tobacco smokers after 

controlling for passive smoking exposure. A cause for concern? Clin Exp Allergy 34, 1017–1023 (2004).
33. Kramer, U. et al. The effect of environmental tobacco smoke on eczema and allergic sensitization in children. Br J Dermatol 150, 

111–118 (2004).
34. Benowitz, N. L. & Jacob, P., 3rd. Trans-3′-hydroxycotinine: disposition kinetics, effects and plasma levels during cigarette smoking. 

Br J Clin Pharmacol 51, 53–59 (2001).
35. Yao, T. C. et al. Serum 25-Hydroxyvitamin D Levels in Relation to Lung Function and Exhaled Nitric Oxide in Children. J Pediatr 

165, 1098–1103 (2014).
36. Yao, T. C. et al. Suboptimal Vitamin D Status in a Population-Based Study of Asian Children: Prevalence and Relation to Allergic 

Diseases and Atopy. PLoS One 9, e99105 (2014).
37. Yao, T. C. et al. Multiplexed immunoglobulin E sensitization in relation to exhaled nitric oxide in a population sample of children. 

Allergy 69, 678–682 (2014).
38. Tu, Y. L. et al. Total Serum IgE in a Population-Based Study of Asian Children in Taiwan: Reference Value and Significance in the 

Diagnosis of Allergy. PLoS One 8, e80996 (2013).
39. Yao, T. C. et al. Reference values of exhaled nitric oxide in healthy Asian children aged 5 to 18 years. Eur Respir J 39, 378–384 

(2012).
40. Asher, M. I. et al. International Study of Asthma and Allergies in Childhood (ISAAC): rationale and methods. Eur Respir J 8, 

483–491 (1995).
41. Ballardini, N., Nilsson, C., Nilsson, M. & Lilja, G. ImmunoCAP Phadiatop Infant–a new blood test for detecting IgE sensitisation in 

children at 2 years of age. Allergy 61, 337–343 (2006).

Acknowledgements
Members of the PATCH study group are: Jing-Long Huang (Study Coordinator), Tsung-Chieh Yao, Ming-Han 
Tsai, Sui-Ling Liao, Man-Chin Hua, Shen-Hao Lai, Kuo-Wei Yeh, and Li-Chen Chen (Principal Investigators). 
The authors thank the study participants, their parents, their teachers and the school nurses, as well as the schools 
involved, for their active participation in the study. The authors also thank the Department of Education, Keelung 
City Government, Keelung City, Taiwan for administrative support for the study; and thank Dr. Xin Liu for 
providing statistical consultation. This work was supported by the Ministry of Science and Technology of Taiwan 
(grants NSC 101-2314-B-182A-044, NSC 102-2314-B-182A-048, NSC 101-2314-B-400-009-MY2, MOST 103-
2314-B-182-030, MOST 103-2314-B-400-004-MY3, and MOST 104-2314-B-182-046-MY2) and by Chang 
Gung Memorial Hospital (grants CMRPG260291~260293, CMRPG2B0071~2B0073, CMRPG4B0031~4B0033, 
CMRPG3E1201~3E1202, CORPG3F0081, and CMRPG3F1711).

Author Contributions
T.-C.Y. conceptualized, designed, and supervised the study, raised funding for the study, performed data analysis, 
interpreted results, and drafted the manuscript. S.-W.C. provided intellectual input, assisted in data analysis and 
interpretation, and participated in drafting and critically revising the manuscript. W.-C.C., M.-H.T., S.-L.L.,  
M.-C.H., S.-H.L., K.-W.Y., Y.-L.T., and W.-C.L. contributed to participant recruitment, cohort maintenance, and 
data collection. H.-J.T. performed data analysis, assisted in data collection, interpreted the results, and drafted 
the manuscript. J.-L.H. coordinated the study, raised funding for the study and staff working on the project 
and provided thoughtful input in interpretation of the results. All authors contributed to the interpretation and 
discussion of the results, and read and approved the final manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Yao, T.-C. et al. Exposure to tobacco smoke and childhood rhinitis: a population-based 
study. Sci. Rep. 7, 42836; doi: 10.1038/srep42836 (2017).

http://www.nature.com/srep


www.nature.com/scientificreports/

8Scientific RepoRts | 7:42836 | DOI: 10.1038/srep42836

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/
 
© The Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	Exposure to tobacco smoke and childhood rhinitis: a population-based study
	Results
	Subject characteristics. 
	Association between tobacco smoke exposure and childhood rhinitis. 
	Stratified analysis by allergic sensitization. 
	Stratified analysis by age. 

	Discussion
	Methods
	Study participants. 
	Exposure assessment. 
	Outcome assessment. 
	Statistical analysis. 

	Acknowledgements
	Author Contributions
	Figure 1.  Plot of adjusted odds ratios with 95% CI (dot with bars) illustrating the association of serum cotinine levels (a) and parent-reported household passive smoke exposure (b) with rhinitis ever, current rhinitis, and physician-diagnosed rhin
	Figure 2.  Schematic presentation of the recruitment process of the study participants.
	Table 1.   Demographic and clinical characteristics of the 1,315 study participants.
	Table 2.   Association of serum cotinine levels with rhinitis in 1,315 study participants, stratified by allergic sensitization*.
	Table 3.   Association of serum cotinine levels with rhinitis in 1,315 study participants, stratified by age*.



 
    
       
          application/pdf
          
             
                Exposure to tobacco smoke and childhood rhinitis: a population-based study
            
         
          
             
                srep ,  (2017). doi:10.1038/srep42836
            
         
          
             
                Tsung-Chieh Yao
                Su-Wei Chang
                Wei-Chiao Chang
                Ming-Han Tsai
                Sui-Ling Liao
                Man-Chin Hua
                Shen-Hao Lai
                Kuo-Wei Yeh
                Yu-Lun Tseng
                Wan-Chen Lin
                Hui-Ju Tsai
                Jing-Long Huang
            
         
          doi:10.1038/srep42836
          
             
                Nature Publishing Group
            
         
          
             
                © 2017 Nature Publishing Group
            
         
      
       
          
      
       
          © 2017 The Author(s)
          10.1038/srep42836
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep42836
            
         
      
       
          
          
          
             
                doi:10.1038/srep42836
            
         
          
             
                srep ,  (2017). doi:10.1038/srep42836
            
         
          
          
      
       
       
          True
      
   




