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Effects of parental smoking and 
indoor tobacco smoke exposure on 
respiratory outcomes in children
Yang Zhuge1, Hua Qian  1*, Xiaohong Zheng1, Chen Huang2, Yinping Zhang3, Baizhan Li4, 
Zhuohui Zhao5, Qihong Deng  6, Xu Yang  7, Yuexia Sun8, Xin Zhang9 & Jan Sundell3

The extensive literature has reported adverse effects on environmental tobacco smoke (ETS) on 
children’s health. We aim to analyze associations of ETS with dry night cough, croup, pneumonia, and 
frequent common cold and to disentangle the effects of prenatal, infancy and childhood exposure 
by multilevel logistic regression. A cross-sectional study was conducted among 41,176 children aged 
3–8 years in 8 major cities of China during 2010–2011, and obtained demographic information, smoke 
exposure information, and respiratory outcomes. Parents’ smoking habit and indoor tobacco smoke 
odor were considered as two indicators of ETS. The prevalences of respiratory outcomes were 6.0% 
for croup, 9.5% for frequency common cold, 17.1% for dry night cough and 32.3% for pneumonia 
respectively in the study. The associations between respiratory outcomes and parental smoking 
were not obvious, while indoor tobacco smoke odor was clearly and strongly associated with most 
respiratory outcomes, with adjusted odds ratios ranging from 1.06 to 1.95. Both infancy and childhood 
exposure to tobacco smoke odor were independent risk factors, but infancy exposure had a higher risk. 
The results explore that ETS increased the risk of respiratory outcomes in children, highlighting the 
need for raising awareness about the detrimental effects of tobacco smoke exposure.

Conclusive evidence demonstrates the detrimental effects of environmental tobacco smoke (ETS) on respira-
tory symptoms, including increasing the incidence of asthma1–3, wheeze3,4, rhinitis5, lower and upper respiratory 
infections6–8 in children. ETS consists of more than 4000 components, of which more than 40 are carcinogens9. 
WHO (World Health Organization) has estimated that about half of the world’s children, ~700 million have been 
exposed to tobacco smoke, mainly in their homes10. Children are more vulnerable to ambient air pollutants than 
adults as their immune systems have not been well developed11. Respiratory tract infections (RTI) are the pre-
dominant causes of mortality and morbidity among children12. RTIs are traditionally divided into upper respira-
tory tract infections (such as common cold) and lower respiratory tract infections (such as pneumonia). Although 
abundant studies support causal associations between tobacco smoke exposure and respiratory outcomes among 
children6,13–15, associations are inconclusive, perhaps because of differences in the extent of tobacco smoke expo-
sure, questionnaires, populations and sample size across studies.

Several studies focused on the independent effect of prenatal, postnatal and childhood exposure to tobacco 
smoke on children’s respiratory outcomes1,16–18, yielding inconsistent findings. A study in six cities of metropol-
itan France of 9000 children aged 9–11 years old found there were no associations between parental smoking 
and atopy, rhinitis, eczema19. A study based on the first 22,390 children born between 2000 and 2004 in the 
Norwegian Mother and Child Cohort found postnatal paternal smoking was also associated with these outcomes, 
independently of maternal smoking in pregnancy20. It was difficult to distinguish the effects of prenatal exposure 
with those of postnatal exposure on children. Smoking during pregnancy is likely to post an additional risk 
besides postnatal exposure to ETS16. Maternal smoking has greater detrimental effects than paternal smoking 
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on the respiratory health of children and maternal smoking during pregnancy has been associated with adverse 
respiratory outcomes in children21.

Although some international studies have provided some important data on the relationship between smoke 
exposure and children’s respiratory health, children’s health problems in China have not drawn sufficient attention 
and the health impact of tobacco smoke exposure has not been well studied. A large cross-sectional survey of 8 
major cities of mainland China has been conducted among 41,176 children. Demographic data, smoke exposure 
information and respiratory outcomes of children were collected via questionnaires. The main aim of the present 
study is to assess children’s exposure to tobacco smoke in utero, in the first year of life and childhood as risk fac-
tors for respiratory outcomes (including pneumonia, common cold, croup, and dry night cough). Our hypothesis 
is that earlier exposure to tobacco smoke exerts greater effects and that tobacco smoke exposure in any individual 
period is an independent risk factor for investigated respiratory outcomes.

Methods
Study design and population. This research is a part of the Children, China, Homes, Health (CCHH) pro-
ject, a national study of childhood respiratory outcomes and home environments22,23. The study was conducted 
in more than 200 kindergartens in 8 metropolitan cities of China (Beijing, Taiyuan, Urumqi, Wuhan, Changsha, 
Shanghai, Nanjing, and Chongqing) respectively from January 2010 to December 2012. The study population 
consisted of pre-school children aged 1–8 years. Questionnaires were randomly distributed to children in >200 
kindergartens and were filled out by the children’s parents or other guardians and then returned to teachers of 
kindergartens. Meanwhile, children’s parents or other guardians were informed that questionnaire data would be 
used for scientific research and consent had been obtained from them. The sample size of each city is shown in 
Fig. 1. Questionnaires were distributed in kindergartens, filled out by children’s parents or other guardians and 
returned to teachers of kindergartens within one week.

Health outcomes and exposure assessment. Responses to the questionnaires yielded demographic 
information, health outcomes, environmental exposure, and living habits. The health questions were adopted 
from the ISAAC (International Study of Asthma and Allergies in Childhood) studies24. Questions on environ-
mental factors and lifestyles were similar to those in studies from Sweden25, Bulgaria26, but were modified to char-
acterize Chinese building characteristics. We analyzed the health outcomes in Table 1, the incidences represented 
the proportion of children who had ever had the disease or the symptom. We investigated parental smoking and 
tobacco odor in the residence (judged by respondents) using the questions in Table 2.

Statistical analysis. Multilevel regression was used to assess associations between respiratory outcomes 
and smoke exposure, and associations were adjusted for children’s demographic data and environmental risk 
factors. Two levels were used (city and child). Demographic data contain age, sex, breastfeeding duration, birth 
weight, and family allergic history. Environmental factors include the region of the current residence, building 
type, dwelling areas, home dampness exposure, cooking fuel type, redecoration or new furniture, cockroaches 
noted and living habits (cleaning child’s bedroom and putting bedding to the sunshine). The percentage of croup 
and frequent common cold were rare (<15%) which needs a multilevel Poisson regression model. The percentage 

Figure 1. Map of sample sizes in eight Chinese cities.
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of pneumonia and dry night cough were rare (>15%) which needs a multilevel logistic regression model. Odds 
ratios (ORs) were calculated with a 95% confidence interval. We accepted significance for P-values less than 0.05. 
SPSS11.0 and STATA 15.1 was used to perform statistical analyses.

Ethics statement. The project was approved by the ethical committee of the School of Public Health, Fudan 
University in Shanghai, China (International Registered Number: IRB00002408&FW A00002399). All experi-
ments were performed in accordance with relevant guidelines and regulations. Informed consent was obtained 
from the legal guardians of children.

Results
A total of 44,859 completed questionnaires were received. After the exclusion of 2989 questionnaires for missing 
sex and age data, 41,176 valid questionnaires were received. The study was restricted to 3–8 years old children 
because infancy and childhood exposure was difficult to distinguish for 1–2 years children and their sample sizes 
were relatively small.

Table 3 presents demographic data, frequency of respiratory outcomes and exposure to tobacco smoke. The 
mean age of the investigated children is 4.65 years. Boys accounted for 51.9% and girls for 48.1%. Among res-
piratory outcomes, pneumonia was reported most frequently, with a 32.3% lifetime-ever incidence in the inves-
tigated children. Croup was reported least frequently with a lifetime-ever incidence of 6.0%. The incidence of 
common cold more than 6 times in recent 12 months was reported by 9.5%, while 17.1% reported having had 
dry night cough for more than two weeks and 14.3% of children had at least one respiratory symptom. About 
45% of parents were smokers, but smoking mothers accounted for less than 1.0%. Of investigated children, 42.9% 
were exposed to parental smoking during pregnancy, 45.4% during the first year of life and 45.4% were currently 
exposed. Indoor tobacco odor was reported by 20.9% during the first year of life, and 29.2% currently.

Table 4 presents the respiratory outcomes stratified by children’s demographic data and environmental expo-
sures. Generally, incidences were greater in younger children, boys, children with low birth weight, children 
whose breastfeeding duration was less than 6 months, and children with a family history of atopy. Most of the 
differences were statistically significant. Environmental factors were also associated with elevated incidences. 
Specifically, home dampness exposure, solid or natural gas cooking fuel, residence redecoration or new furniture 
were associated with increased incidences of respiratory outcomes. More, several living habits like cockroaches 
or rats noted and burning mosquito coils also resulted in higher incidences but putting bedding to the sunshine 
frequently and the cleaning child’s bedroom daily were inverse.

Table 5 compares the effects of maternal smoking and father smoking. The maternal smoking rate in China 
is much lower than the paternal smoking rate. The associations between maternal smoking and investigated out-
comes were weak. While father smoking was stronger associated with most respiratory health outcomes, except 
for the frequent common cold. Mother and father both smoked also had week effects on outcomes.

Table 6 presents crude odds ratios for respiratory health outcomes as associated with ETS. Parental smoking 
(mother or paternal smoking) was associated with investigated respiratory outcomes significantly, except for 
the frequent common cold. Moreover, the ORs for the associations were similar among pregnancy, infancy and 

Symptoms Questions

Dry night cough
In the last 12 months, has your child had a dry 
cough at night for more than two weeks, apart 
from a cough associated with a cold or chest 
infection? Yes/no.

Croup Has your child had croup (breathing difficulties 
with dry cough)? Yes/no.

Pneumonia Has your child been diagnosed with pneumonia 
by a doctor? Yes/no.

Frequency 
common cold

In the past 12 months, how many times has your 
child had a cold? <6 times/≥6 times

Table 1. Description and questions related to investigated respiratory outcomes.

When Category Questions

In utero (during 
pregnancy) Parental smoking Did the child’s parents smoke during the pregnancy? 

(both/mother/father/neither)

The first year 
(during infancy)

Parental smoking Did the child’s parents smoke when the child was born? 
(both/mother/father/neither)

Tobacco odor Did you notice tobacco odor in your home when the 
child was born? (yes, frequently/sometimes/never)

Current (during 
childhood)

Parental smoking Do the child’s parents smoke now? (both/mother/
father/neither)

Tobacco odor Do you notice tobacco odor in your home in recent 3 
months? (yes, frequently/sometimes/never)

Table 2. Definitions and questions related to tobacco smoke exposure.
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childhood exposure. Indoor tobacco smoke odor was also associated with investigated respiratory outcomes sig-
nificantly, except for dry night cough during childhood.

Table 7 presents the adjusted odds ratios for respiratory health outcomes as associated with ETS. After adjust-
ment, most associations between parental smoking and outcomes were insignificant, while most associations 
between tobacco odor and outcomes remained robust. Frequently perceived tobacco odor had the greatest AOR 
value than any of the less frequent for all outcomes, both during infancy or childhood. Higher AOR values were 
observed for croup and dry night cough than pneumonia or a frequent common cold. Dry night cough was the 
outcome most strongly associated with indoor tobacco odor, with the highest AOR 1.95 for frequent exposure 
during infancy.

Perceived indoor tobacco odor had a greater association than parental smoking with respiratory diseases. We 
treated indoor tobacco odor (frequently or sometimes) as an indicator of ETS exposure for children, and then we 
assessed the independent effects of infancy and childhood exposure on respiratory outcomes (Fig. 2). Children 
exposed to indoor tobacco odor either during infancy or childhood had increased risk of respiratory outcomes, 
with infancy exposure resulting in higher relative risks. For pneumonia, exposure during infancy only (AOR 
1.23 95% CI 1.03–1.47) had the highest AOR. For croup, exposure during both infancy and childhood (AOR 
1.51 95% CI 1.27–1.79) had the highest AOR. For the common cold, exposure during infancy only (AOR 1.21 
95% CI 0.92–1.59) had the highest AOR. For dry night cough, exposure during infancy only (AOR 1.34 95% CI 
1.08–1.66) and joint exposure had similar AOR (AOR 1.35 95% CI 1.20–1.50).

Discussion
Previous studies found clear and significant relationships between parental smoking and respiratory out-
comes27–29. Different from those studies, parental smoking may not accurately indicate children’s ETS exposure 
in this study. There may be several reasons for this. Most of the investigated families only had one child because 
of China’s one-child policy, enabling the child to be cherished and well cared for by family members. Moreover, 
the adverse effects of passive smoking have been well acknowledged among parents in China. Therefore, those 
parents who smoke may avoid smoking in the presence of children. This is supported by the weak relationship 
between parental smoking and tobacco smoke odor (correlation coefficient: current 0.369; during pregnancy 
0.291). Among residences without current smoking parents, 18.5% had tobacco odor (2.1% frequently and 16.4% 
sometimes). Among families with smoking parents, 46.0% never perceived smoke in the house, 43.0% perceived 
smoke sometimes and only 11.0% perceived smoke frequently. The perceived indoor smoke odor could be a more 
direct indicator of ETS exposure than parental smoking in our study.

Croup is a common cause of upper airway obstruction in infants and young children, which affects more boys 
than girls30,31. Few studies focused on croup and its related risk factors but it is a common cause of upper airway 
obstruction in infants and young children, which is typically caused by parainfluenza, influenza or other viruses32. 
A study in Finland found that smoking by both parents was associated with a decreased occurrence of both croup 
and recurrent croup33.

Cough is a very common symptom of respiratory tract infections such as the common cold, acute bronchitis, 
pneumonia, pertussis, or tuberculosis34. Nocturnal dry cough, however, is highly indicative of asthma35 and can 
be induced mechanically or chemically by endogenous or exogenous agents, such as particulate matter (PM2.5) 
and nitrogen dioxide (NO2)36. Our previous study in Nanjing provided the associations between dry cough 
and sensation of stuffy odor, unpleasant odor, pungent odor, moldy odor, humid air, and dry air (P < 0.05)37. 
Environmental tobacco smoke exposure has been reported to be associated with cough38, but some studies found 
no relation between dry night cough and smoke exposure39,40. However, a pooled analysis of 53 879 children 
from 12 cross-sectional studies found strong evidence linking nocturnal cough to smoking during pregnancy, 
smoking during the first two years and parental current smoking1. A study in Manchester reported a statistically 
significant increase in the risk of night cough for children who lived with smokers in a household (aOR 1.45 95% 
CI 1.20–1.75)41.

Category Sample size n %

Age Mean 4.65 ± 1.12

Sex Male 21375 (51.9%) Female 19801 
(48.1%)

Disease

Dry night cough 6991 17.1

Croup 2436 6.0

Pneumonia 13300 32.3

Frequent common 
cold 3726 9.5

Number of diseases

  0 20246 52.7

  1 12658 33.0

  2 4294 11.2

  3 1049 2.7

  4 142 0.4

Table 3. Demographic data, frequency of respiratory outcomes and exposure to tobacco smoke.

https://doi.org/10.1038/s41598-020-60700-4


5Scientific RepoRtS |         (2020) 10:4311  | https://doi.org/10.1038/s41598-020-60700-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

Categories
No. of 
subjects

Dry night 
cough (%)

Croup 
(%) Pneumonia (%)

Frequent 
common cold 
(%)

Demographic data

Age

  3 years 6911 19.9 5.0 30.5 12.1

  4 years 13523 18.3 6.2 33.3 11.0

  5 years 11723 16.3 6.5 33.5 8.5

  6 years 6273 14.4 5.9 33.5 6.7

  7 years 1612 14.4 6.4 26.4 5.9

  8 years 1134 12.9 5.8 20.9 4.9

Sex

  Male 21375 17.0 7.0 33.8 9.7

  Female 19801 17.2 5.0 30.7 9.2

Breastfeeding duration

  >6 months 20939 15.7 5.5 29.6 9.3

 ≤6 months 19349 18.8 6.6 35.3 9.7

Family allergic history

  Yes 7960 26.1 11.3 42.2 13.3

  No 30420 15.1 4.8 30.4 8.7

Birthweight

  <2500 g 1054 17.2 7.8 38.4 10.8

  ≥2500 g 39083 17.1 6.0 32.2 9.4

Environmental factors

Region of the current residence

  Urban 30400 17.4 6.1 33.6 9.1

  Suburban/rural 9828 16.3 5.8 29.1 10.6

Home dampness exposure

  Yes 12725 18.8 7.0 34.6 10.0

  No 9992 12.5 4.4 29.7 7.5

Cooking fuel type

  Solid fuel/natural gas 28712 17.8 6.2 33.3 9.3

  Electricity 10058 15.9 6.0 29.4 9.9

Redecoration or new furniture

  Yes 24754 18.8 6.5 33.7 10.0

  No 8949 15.1 5.7 31.9 9.2

Cockroaches noted

  Yes 20722 18.5 7.1 33.4 10.3

  No 14919 15.1 5.1 31.8 8.2

Cleaning child’s bedroom daily

  Yes 21990 16.2 5.7 31.6 8.6

  No 18091 18.1 6.5 33.6 10.3

Putting bedding to the sunshine frequently

  Yes 25654 16.7 5.7 31.1 8.4

  No 14806 17.9 6.6 34.5 11.0

Smoke exposure

Parental smoking during pregnancy

  Yes 16436 17.9 6.6 33.5 9.8

  No 22267 17.5 5.8 31.7 9.6

Parental smoking during infancy

  Yes 17807 17.5 6.5 33.3 9.6

  No 21477 17.5 5.8 31.7 9.6

Parental smoking during childhood

  Yes 18873 17.1 6.4 33.1 9.6

  No 22357 17.2 5.7 31.7 9.2

Tobacco odor indoors during infancy

  Frequently 1260 27.4 11.3 39.4 13.8

  Sometimes 7327 19.3 7.6 33.8 10.5

Continued
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The common cold is reported as one of the most common infectious diseases in young children and the 
frequency of colds declines with advancing age42. The common cold is the most frequently infected disease and 
children usually got common cold for 6–12 times annually43. The relationship between the common cold and 
smoke exposure was not well studied. It is reported that indoor dampness and keeping cats or dogs as pets but not 
smoke exposure, can be risk factors for common cold44.

Pneumonia is a lower respiratory infection caused primarily by bacteria or viruses and was the leading infec-
tious cause of mortality in children under 5 years old in 2015 worldwide45. Exposure to parental smoking is one 
identified pneumonia-related residential risk factor46 and several studies have reported environmental tobacco 
smoke to be a risk for pneumonia in children47–50. A study in China reported household exposure to cigarette 
smoke to be a risk factor for pneumonia in children51.

We were able to separately assess the effects of infancy and childhood exposure on children’s respiratory 
health and found that both were independent risk factors. Infancy-only exposure seemed to have a stronger effect 

Categories
No. of 
subjects

Dry night 
cough (%)

Croup 
(%) Pneumonia (%)

Frequent 
common cold 
(%)

  Never 25287 15.6 5.5 32.2 8.7

Tobacco odor indoors during childhood

  Frequently 2154 24.1 9.3 37.9 13.1

  Sometimes 9871 18.9 7.0 33.3 9.9

  Never 22028 15.2 5.4 32.1 8.6

Table 4. Respiratory outcomes stratified by demographic data and environmental exposures. Sample sizes are 
not 41,176 due to missing data.

No. of 
subjects Dry night cough Croup Pneumonia

Frequent 
common cold

During pregnancy

  Neither 22267 1 1 1 1

  Mother only 148 1.22(0.82–1.84) 1.10(0.58–2.10) 0.97(0.69–1.38) 1.01(0.58–1.76)

  Father only 16230 1.06(1.00–1.12)* 1.16(1.07–1.26)* 1.08(1.03–1.12)* 1.01(0.94–1.08)

  Both 58 1.44(0.79–2.63) 1.25(0.45–3.48) 0.93(0.53–1.64) 0.44(0.14–1.42)

During infancy

  Neither 21477 1 1 1 1

  Mother only 193 1.12(0.78–1.63) 1.32(0.77–2.24) 0.86(0.63–1.17) 0.85(0.50–1.44)

  Father only 17524 1.03(0.97–1.08) 1.14(1.05–1.24)* 1.05(1.01–1.10)* 0.98(0.91–1.05)

  Both 90 1.68(1.05–2.69)* 1.67(0.80–3.46) 0.95(0.60–1.50) 0.79(0.38–1.64)

During childhood

  Neither 22357 1 1 1 1

  Mother only 288 1.39(1.05–1.84) 1.21(0.77–1.92) 0.88(0.68–1.14) 0.82(0.53–1.27)

  Father only 18340 1.02(0.96–1.07) 1.14(1.05–1.24)* 1.05(1.01–1.10)* 0.93(0.87–1.00)

  Both 245 1.25(0.92–1.71) 1.21(0.73–1.98) 0.97(0.74–1.28) 0.86(0.55–1.36)

Table 5. Crude odds ratios(95% CI) for respiratory health outcomes associated with parental smoking by using 
two-level regression model. *P-value < 0.05.

Dry night cough Croup Pneumonia
Frequent common 
cold

Parental smoking

Pregnancy exposure Yes/no 1.06(1.01–1.12)* 1.16(1.07–1.26)* 1.07(1.03–1.12)* 1.00(0.94–1.08)

During infancy Yes/no 1.03(0.97–1.09)* 1.15(1.05–1.25)* 1.05(1.01–1.10)* 0.98(0.91–1.05)

During childhood Yes/no 1.06(1.00–1.12)* 1.15(1.06–1.26)* 1.07(1.02–1.12)* 0.99(0.92–1.06)

Tobacco odor indoors

During infancy
Sometimes/never 1.24(1.15–1.33)* 1.46(1.31–1.63)* 1.13(1.07–1.20)* 1.16(1.05–1.27)*

Frequently/never 2.03(1.77–2.33)* 2.31(1.91–2.79)* 1.39(1.23–1.57)* 1.64(1.37–1.95)*

During childhood
Sometimes/never 1.22(1.15–1.31) 1.37(1.24–1.51)* 1.11(1.05–1.17)* 1.11(1.02–1.21)*

Frequently/never 1.72(1.53–1.93) 1.89(1.61–2.23)* 1.33(1.21–1.47)* 1.54(1.34–1.78)*

Table 6. Crude odds ratios(95% CI) for respiratory health outcomes associated with ETS by using two-level 
regression model. *P-value < 0.05.
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than childhood-only exposure. Most studies focused on the differential effects of prenatal and postnatal tobacco 
smoke tended to support a stronger effect of prenatal exposure on respiratory symptoms52,53. Maternal smoking 
had an insignificant effect on respiratory outcomes in this paper. Inconsistent with our findings, a great deal of 
evidence indicated that maternal smoking was strongly related to children’s health outcomes especially during 
pregnancy54–56, but most surveys were conducted in western countries. An explanation for the insignificant asso-
ciation in the present study is that the maternal smoking rate in China is much lower than the paternal smoking 
rate. WHO in 2010 estimated that about 51% of men and about 2% of women smoke in China57. Only a small por-
tion of mothers had the habit of smoking in the present study. The sample was too small to have statistical power.

There are some limitations in this work. The study is done based on cross-sectional data, the findings reported 
are only correlational. Not all respiratory health symptoms were diagnosed by medical doctors but only by parents. 
Self-reported outcomes with no scope for validation by interviewers may subject to the reporting errors. Moreover, the 
smoking status of family members other than parents during pregnancy and infancy were not collected. The number 
of cigarettes smoked per day was not included in the questionnaire, the dose of smoking could be very different from 
person to person and there might have been a direct dose-response relationship between the dose of smoking and res-
piratory outcomes58. Nonetheless, the present study has several strengths. A strength of our study is the ability to adjust 
for multiple confounders in a large sample of children. The large sample size and high response rate mean that potential 
confounders, such as age, sex, and geographical background, can be properly adjusted in the model.

Conclusion
The lifetime-ever incidence rates of croup, dry night cough, frequent common cold and pneumonia among 
children aged 3–8 years old are 6.0%, 9.5%, 17.1%, and 32.3% respectively. The rate of maternal smoking in 
investigated cities was extremely small (≤1.0%) while the rate of paternal smoking was about 45%. Concerning 
perceived indoor tobacco odor, 25.3% of children were exposed during infancy (3.7% frequently and 21.6% 

Dry night cough Croup Pneumonia
Frequent common 
cold

Parental smoking

Pregnancy exposure Yes/no 1,03(0.95–1.13) 1.13(0.98–1.29) 1.04(0.97–1.11) 1.02(0.91–1.14)

During infancy Yes/no 1.00(0.92–1.10) 1.16(1.01–1.33)* 1.04(0.97–1.11) 0.97(0.87–1.08)

During childhood Yes/no 1.05(0.95–1.13) 1.19(1.04–1.36)* 1.05(0.98–1.12) 1.00(0.89–1.12)

Tobacco odor indoors

During infancy
Sometimes/never 1.22(1.10–1.36)* 1.37(1.16–1.61)* 1.11(1.01–1.21)* 1.10(0.96–1.26)

Frequently/never 1.95(1.58–2.41)* 1.89(1.38–2.57)* 1.21(1.00–1.47)* 1.54(1.17–2.02)*

During childhood
Sometimes/never 1.14(1.03–1.26)* 1.32(1.13–1.53)* 1.05(0.97–1.13) 1.06(0.94–1.21)

Frequently/never 1.56(1.31–1.85)* 1.74(1.36–2.24)* 1.15(0.99–1.33) 1.38(1.11–1.71)*

Table 7. Adjusted odds ratios(95% CI) for respiratory health outcomes associated with ETS by using two-
level regression model. *P-value < 0.05. Adjusted for age, sex, low birth weight, breastfeeding duration, family 
allergic history, region of the current residence, bought new furniture and/or redecorated the residence, 
dampness exposure, cooking fuel type, cockroaches noted, cleaning daily and putting bedding to the sunshine 
frequently.

Figure 2. Independent effects of infancy and childhood tobacco smoke exposure on respiratory outcomes 
(using indoor smoke odor as the indicator). Adjusted for age, sex, low birth weight, breastfeeding duration, 
family allergic history, region of the current residence, bought new furniture and/or redecorated the residence, 
dampness exposure, cooking fuel type, cockroaches noted, cleaning daily and putting bedding to the sunshine 
frequently.
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sometimes) and 35.3% were exposed during childhood (6.3% frequently and 29.0% sometimes). There was a 
weak relationship between parental smoking and the perception of tobacco smoke odor indoors. Compared to 
parental smoking, indoor tobacco smoke odor was more strongly associated with respiratory outcomes. Infancy 
and childhood exposure (based on indoor smoke odor) were each found to be independent risk factors for res-
piratory outcomes; infancy exposure had a stronger effect. This research strengthens the evidence that indoor 
smoke exposure is a risk factor for respiratory health among children.
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