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ABSTRACT  

 

Objectives: This study provides SHS exposure data in-utero and after birth when children were at 18 

months, 36 months, and 66 months old, and it identifies risk factors for the early childhood SHS among 

18-month-old infants living in smoker and non-smoker households.  

 

Study design: The data come from the Taiwan Birth Cohort Study (TBCS), a longitudinal survey of a 

birth cohort born in 2005. This study used the survey wave when children were 18 months old (N = 18,845) 

for statistical analysis of early childhood SHS exposure. Logistic regression was used to identify the risk 

factors of the SHS exposure.  

 

Results: Approximately 62% of the 18-month-old infants lived in a household with at least one smoker, 

with the father being the smoker in 84% of those households. Among these infants living in a smoker 

household, 70% were exposed to SHS and 36% were exposed to heavy SHS in utero, and the prevalence 

was approximately 66% and 17% after birth for SHS and heavy SHS, respectively. The number and the 

existence of smokers in the household, parents’ smoking status, father's educational attainment, and being 

a first born baby are strong predictors of early childhood heavy SHS exposure.  

 

Conclusions: Encouraging families to have a smoke-free home environment, empowering women to 

ensure their perspectives and rights are embedded into tobacco control efforts, and educating families 

about the health risks from childhood SHS exposure, especially among people living in households with 

smokers, will protect nonsmoking adults and children from SHS exposure. 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

• A unique dataset, which randomly selected newborns from all live births in 2005, tracks SHS 

exposure in utero and when the children were 18 months, 36 months, and 66 months old. 

• Sample size is large, over 19,000 children for all waves.  

• The response rate is high (>92%) for all waves.  

• Parents or primary caregivers may underreport infant’s SHS due to lack of awareness or social 

desirability bias.  
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INTRODUCTION  

Secondhand smoke (SHS) puts nonsmoking adults and children at higher risk of premature death, 

illness, and other adverse effects. The health risk from SHS is especially substantial among children given 

that their lungs are still developing. Newborns exposed to SHS, either in utero or after birth, have higher 

risk of premature birth, low birth weight, and sudden infant death syndrome, and children exposed to SHS 

have higher risk of acute respiratory illness, middle ear infections, bronchi, reduced lung function, and 

asthma development.[1-3] 

The home is a major setting for SHS exposure. Children, particularly children of preschool ages, are 

most likely to be exposed to SHS at home given that very young children spend most of their time in the 

home and smoking restrictions in the home are usually rare.[4] The existence of smoking household 

members serves as a strong predictor for SHS exposure among children.[5,6] Findings from the global 

Youth Tobacco Survey conducted by the World Health Organization (WHO) indicated that approximately 

44% of youths worldwide are exposed to SHS at home, 47% of whom have at least 1 parent who 

smokes.[7] 

This study uses birth cohort data, a longitudinal survey of a birth cohort born in 2005 and provides the 

prevalence of SHS exposure in-utero and after birth for infants and young children at 18 months, 36 months, 

and 66 months old. In addition, this study investigates the profile differences between the 18-month-old 

infants who were exposed to heavy SHS and those who were not, and it identifies risk factors of heavy SHS 

exposure for those infants living in smoker versus non-smoker households, aiming to explore potential 

socio-demographic disparities associated with the early childhood SHS exposure.  

METHODS 
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Data  

Data come from the Taiwan Birth Cohort Study (TBCS), a longitudinal survey of a birth cohort born in 

2005 in Taiwan. In the baseline year of 2005, TBCS used a two-stage stratified random sampling design 

and drew the study sample from the population-based birth database (National Birth Report Database) with 

an 11.7% sampling rate, resulting in a nationally representative cohort of 24,200 newborn individuals born 

in 2005. Among those eligible newborns, 21,248 infants completed a baseline survey at 6 months of age 

with a response rate of 87.8%. These infants were subsequently recruited as cohort members. Three waves 

of follow-up surveys were conducted when the infants and young children were at 18 months, 36 months, 

and 66 months of age, with response rates of 94.9%, 93.7%, and 92.8%, respectively.  

The surveys were conducted via face-to-face interviews with either the mother or a primary caregiver 

providing the information. According to the 18-month survey, 98% of the respondents are mothers, 1.23% 

are primary caregivers, and 0.76% are both mothers and primary caregivers. Among the primary caregivers, 

the majority of them (90%) are fathers or grandparents. The surveys were reviewed and approved by the 

Directorate-General of Budget, Accounting, and Statistics, Executive Yuan, Republic of China. This study 

was reviewed by the Institutional Review Board at National Taiwan University Hospital.  

This study uses 4 waves of the TBCS, when the infants and young children were 6 months, 18 months, 

36 months, and 66 months old, to provide a time trend of SHS exposure across 4 time periods (in utero, 18 

months, 36 months, and 66 months).  

The 6 month wave provided retrospective information regarding the women's SHS exposure during 

their pregnancy. The 18-, 36-, and 66-month waves provided information regarding the young children’s 

SHS exposure. However, the 6-month wave did not provide information on the children's SHS exposure. 
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The sample sizes are 21,248, 20,172, 19,910, and 19,721 for the 6-month, 18-month, 36-month, and 

66-month waves, respectively. To provide the prevalence of SHS exposure in-utero and after birth, this 

study includes the respondents who consistently answered 6-month, 18-month, 36-month, and 66-month 

survey waves, and that leads in the sample size equaling 18,845.   

Among those respondents who answered all the survey waves, this study uses the 18-month wave, the 

first wave of the TBCS including children’s SHS information conducted between 2006 and 2007 for 

statistical analysis of early childhood SHS exposure.  

The in-utero SHS is coded as "1" if the mother answered "1-2 days per week", "3-5 days per week", or 

"almost every day" to the question “During your pregnancy, did anyone smoke anywhere in front of you?” 

and "0" if the mother answered "never". The in-utero heavy SHS is coded as “1” if the mother answered 

either “almost every day” or “3-5 days per week” to that question and “0” if the mother answered “1-2 

days per week”, “less than 1 day per week”, or “never”.   

The childhood SHS is coded as "1" if the mother or primary care giver answered "occasionally", 

"often", or "every day" to the question “How often is your baby exposed to secondhand smoke?” and "0" if 

the mother answered "never". The heavy childhood SHS is coded as “1” either “every day” or “often” to 

that question and “0” either “never” or "occasionally".   

Parent’s smoking status was “1” if one answered “yes” to the question “did you smoke during the past 

month?”, and “0” otherwise. If a smoker smoked over 20 cigarettes a day, she or he was defined as a heavy 

smoker, otherwise not a heavy smoker. The respondents were asked “has the baby ever been diagnosed 

with asthma by a doctor?”, and which was used to describe children’s health condition related to SHS 
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exposure. Smoker household was coded 1 if any parent or other household members smoked and 0 if none 

of them smoked.  

In the statistical analysis, all variables, including characteristics of the parents, children, and household, 

were measured when the child was 18 months except for the parents’ age at birth of child (answered at 6 

months) and asthma in the child (measured at 36 months). 

Statistical methods  

Descriptive Analysis  

The sample was classified into two groups: young children living in a smoker household and those 

living in a non-smoker household. The crude proportion of the in-utero and heavy childhood SHS exposure 

at 18 months, 36 months, and 66 months old was provided for all children, those in smoker and nonsmoker 

households alike.   

Summary statistics for outcome (heavy early childhood SHS exposure) and covariates (parents' 

characteristics, child's characteristics, and household characteristics) are provided for the 18-month infants 

in both smoker and nonsmoker households.  

Univariate associations of each covariate with heavy and non-heavy early childhood SHS exposure 

were tested with Chi-square tests for categorical variables and ANOVA for continuous variables.  

Statistical Analysis  

This study used logistic regression to estimate the odds of heavy early childhood SHS exposure for two 

groups (infants living in a smoker household and infants living in a nonsmoker household), separately. 

This approach identifies the risk factors associated with heavy early childhood SHS exposure, and it 
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captures potential differences in the associations between heavy early childhood SHS exposure and 

covariates among infants living in smoker and nonsmoker households.  

All statistical analyses were conducted by SAS version 9.3.   
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RESULTS  

Trends of childhood SHS exposure  

In general, the proportion of young children who were exposed to heavy SHS was 26.1% in utero, and 

it declined significantly after birth to 11.6%, 12.1%, and 9.5% when the children were 18 months, 36 

months, and 66 months old, respectively (Figure 1).   

When the sample was divided into those who live in smoker versus nonsmoker households, the trend 

presents similar patterns between the two subsamples (the heavy SHS prevalence declined significantly 

after birth). The percentage of young children exposed to heavy SHS is consistently high for those living in 

smoker households.  

 [INSERT FIGURE 1] 

Baseline summary statistics  

Among the 18-month infants, 61.8% lived in a smoker household and 37.8% lived in a nonsmoker 

household. The average age was 36.5 years for fathers and 29.9 years for mothers. Educational attainment 

was higher for parents living in nonsmoker households than for those living in smoker households. 

Approximately half of the infants (47%) had the father as the only smoker in the household, 0.5% had the 

mother as the only smoker, 4.9% had both parents as smokers, and 46.5% had neither parent as a smoker. 

Similarly, among infants living in smoker households, 76% had the father as the only smoker, 7.9% had 

the mother as the only smoker, and 14% had other family member as the only smoker. On average, 

smoking fathers smoked approximately 15 cigarettes per day, and smoking mothers smoked approximately 

9 cigarettes per day (Table 1). 

[INSERT TABLE 1] 
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Among those infants, 52% were boys and 50% were first born children. On average, 55.2% of the 

infants were exposed to SHS, with 66% exposed to SHS in a smoker household and 37.7% exposed to SHS 

in a non-smoker household. A total of 11.6% of the infants were exposed to heavy SHS, with 17.3% 

exposed to heavy SHS from living in a smoker household and 2.3% exposed from living in a nonsmoker 

household. Among the infants, 3.1% were diagnosed with asthma. On average, family income for infants 

living in nonsmoker households (<30000: 6.3%, 30,000-100,000: 74.6%, >100,000: 18.9) was higher than 

that for smoker households (<30,000:14.6%, 30,000-100,000:77.2%, >100,000: 7.7%). The average 

number of smokers living in a smoker household with infants was 1.4.  

Bivariate analysis  

Results from bivariate analyses (Table 2) indicate that heavy SHS was significantly associated with 

parental characteristics such as the parents’ age, education level, employment status, smoking status, and 

smoking intensity (all p < 0.01). Heavy SHS was significantly associated with the infant’s birth order 

(p<0.01).  

[INSERT TABLE 2] 

Household characteristics such as family income, smoking status, and number of smokers in the 

household were found to be significantly associated with heavy SHS exposure (all p<0.01).   

Multivariate analysis  

The results from multivariate logistic regression (Table 3) indicate that among all of the 18-month 

infants, the presence of a smoker in the household increased the likelihood for them to be exposed to heavy 

SHS (OR 3.48, 95% CI 2.89 to 4.20). The more smokers present in the household, the more likely they are 

to be exposed to heavy SHS (OR 1.47, 95% CI 1.40 to 1.55). The older the mother is, the less likely child 
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is to be exposed to heavy SHS (age 30-34, OR 0.83, 95% CI 0.70 to 0.97; age >=35, OR 0.75, 95% CI 0.61 

to 0.91). The higher the father and mother's educational status is, the less likely the child is to be exposed 

to heavy SHS (father education: senior high, OR 0.75, 95% CI 0.66 to 0.85; junior college, OR 0.56 95% 

CI 0.47 to 0.67; college and above, OR 0.37, 95% CI 0.29 to 0.47; mother education: senior high, OR 0.80, 

95% CI 0.70 to 0.92; junior college, OR 0.70, 95% CI 0.58 to 0.83). Being a first born child is associated 

with decreased likelihood of heavy SHS exposure (OR 0.74, 95% CI 0.67 to 0.82).  

[INSERT TABLE 3] 

After dividing the infants into those living in smoker versus nonsmoker households, parental 

characteristics such as age of mother (age 30-34, OR 0.83, 95% CI 0.70 to 0.99; age >=35, OR 0.74, 95% 

CI 0.60 to 0.91) and education of father (senior high, OR 0.74, 95% CI 0.65 to 0.84; junior college, OR 

0.55, 95% CI 0.46 to 0.66; college and above, OR 0.32, 95% CI 0.25 to 0.43) and mother (senior high, OR 

0.80, 95% CI 0.70 to 0.92; junior college, OR 0.64, 95% CI 0.53 to 0.77) are significantly associated with 

the heavy early childhood SHS exposure for those living in smoker households but not among those living 

in nonsmoker households. Among infants living in a smoker household, the subgroup of infants having 

both smoker parents have significant higher likelihood to be exposed to heavy SHS compared to their 

counterparts (OR 1.62, 95% CI 1.30 to 2.00). The mother's employment status was found to be 

significantly associated with increased SHS exposure for infants in a smoker household (OR 1.18, 95% CI 

1.06 to 1.32) but decreased SHS exposure for infants in nonsmoker households (OR 0.46, 95% CI 0.31 to 

0.68). Being a first born child was found to be associated with decreased likelihood of SHS exposure for 

infants living in either a nonsmoker (OR 0.62, 95% CI 0.44 to 0.87) or smoker household (OR 0.75, 

95%CI 0.67 to 0.83). 
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DISCUSSION  

To our knowledge, this is the first study using a birth cohort data and investigating SHS exposure in 

utero and among young children at different ages under 5 years old. This study uses a unique dataset, the 

Taiwan Birth Cohort Survey (TBCS) data, which randomly selected newborns from among all live births 

in 2005, and tracks SHS exposure in utero and when the children were 18 months, 36 months, and 66 

months old.  

Our results indicate that among the 18-month-old infants, 61.8% of them lived in a household with at 

least one smoker, with the father being the smoker in 84% of those households. Among these infants living 

in a smoker household, 70.4% were exposed to SHS and 36.2% were exposed to heavy SHS in utero, and 

the prevalence was approximately 66% and 17% after birth for SHS and heavy SHS, respectively. The 

number of smokers in the household, the existence of smokers in the household, the father's educational 

attainment, parents both smokers, and being a first born baby are strong predictors of a child's heavy SHS 

exposure.  

These results confirm previous studies in East Asia indicating that most childhood SHS may come from 

the father and other household members, whereas 76% of infants living in a smoker household have father 

being the only smoker, and 14% have other family member and 0.7% have mother being the only smoker 

[5,8] These results indicate the urgent need to keep homes smoke-free to protect children from SHS 

exposure. Indeed, banning smoking in the home is found to be associated with a significant reduction in 

urinary cotinine to creatinine ratio in infants.[9-12] However, smoking restrictions in homes are not 

mandated by legal regulations, and the voluntary restriction of smoking is usually rare. Efforts are needed to 
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encourage Taiwanese families to adopt their own policy of restricting smoking in the home setting.  

Taiwan is similar to many other Asian countries in that the familial values are deeply influenced by 

Confucianism, with an expectation of respecting the elderly and males to maintain the patriarchal family. 

This philosophy of Confucianism and patriarchy embedded in Chinese familial values may cause married 

women and children to be hesitant to change the smoking behavior of their male household members or to 

ask male smokers to smoke outside of the home.[13,14] Therefore, in addition to encouraging families to 

have a smoke-free home environment, there is a crucial need to empower women to ensure that their 

perspectives and rights are embedded in tobacco control efforts to protect not only themselves but also their 

children from SHS exposure.  

Previous studies have indicated that smoke-free legislation in public places can spill over to the home 

setting through creating a norm of not smoking around nonsmokers.[15-18] Indeed, a few studies found that 

the comprehensive smoke-free laws enacted in 2009 in Taiwan reduced adult nonsmokers' SHS exposure in 

the home and even increased smoking cessation.[19,20] The enforcement of smoke-free environments in 

many public places may further reduce women and children's SHS exposure at home.  

The results indicated that several factors are significantly associated with heavy early childhood SHS 

exposure, which allows the specific groups to be targeted by interventions to be identified, for example 

households with smokers, households with more than one smoker, both parents smoke, parents with lower 

educational attainment, mothers of younger age, and non-first-born children. More educational 

interventions and resources need to be aimed at these target groups to reduce early childhood SHS 

exposure from their household smokers through education about the health risks from SHS exposure.  
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A potential limitation this study has is that parents or primary caregivers may underreport infant’s SHS 

due to lack of awareness or social desirability bias. Nevertheless, in our sample, 55.2% of primary 

caregivers indicated that their children were exposed to SHS, and this prevalence is higher than previously 

found in Taiwan.[21,22] Another concern regarding systematic bias in childhood SHS exposure may arise 

if underreporting occurs in a certain demographic or socioeconomic subgroup and not others. However, a 

study using multiple SHS exposure measures, both self-reporting and serum cotinine level, indicated that 

exposure patterns by demographic characteristics were similar among those two measures.[23] 

CONCLUSIONS  

This study investigated the early childhood SHS exposure among 18-month-old infants, a subgroup of 

young children spending most of their time at home and most likely to be exposed to household SHS 

through their household members. The results indicate that most early childhood SHS comes from the father 

and other household members, whereas the smoking rate for women in this study setting is very low. 

Encouraging families to maintain a smoke-free home environment, empowering women to ensure their 

perspectives and rights are embedded into tobacco control efforts, and educating families about the health 

risks from childhood SHS exposure, especially among children living in households with smokers, will 

protect nonsmoking women and their children from SHS exposure.  
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Figure 1. Prevalence of early childhood SHS exposure in-utero and afterbith in smoker and non-smoker 

households. The proportion of young children who were exposed to heavy SHS declined significantly after 

birth. The percentage of children exposed to heavy SHS is consistently higher for those living in smoker 

households than for those living in nonsmoker households. 
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Table 1 Baseline summary descriptive data (measured when the children were 18 months old), % and 

mean±SD 

Variables 
Number of 

Observations 
All 

households 
Nonsmoker 
households 

Smoker 
households 

Total 18845     N=18845 n=7130 n=11651 
Parent's characteristics         
Father’s age (years)   36.5±13.8 35.7±9.1 36.9±15.6 

    <25 475  2.5 0.7 3.6 
    25-29 3440  18.3 12.0 22.1 
    30-34 6592  35.0 38.3 33.1 
    >=35 8338  44.2 49.0 41.2 
Mother’s age (years)   29.9±4.8 31.4±4.3 28.9±4.9 

    <25 2707  14.4 5.7 19.6 
    25-29 6117  32.4 25.9 36.5 
    30-34 6760  35.9 45.4 30.1 
    >=35 3261  17.3 23.0 13.8 
Father’s education level        

    Junior high or below 2500  13.3 5.7 17.8 
    Senior high 7454  39.6 24.9 48.6 
    Junior college 4134  21.9 25.1 20.0 
    College and above 4623  24.5 44.0 12.7 
    Missing 134  0.7 0.3 0.8 
Mother’s education level         

    Junior high or below 2637  14.0 7.3 18.1 
    Senior high 7526  39.9 27.0 47.8 
    Junior college 4797  25.5 30.1 22.6 
    College and above 3852  20.4 35.5 11.3 
    Missing 33  0.2 0.1 0.2 
Parents’ employment status         
  Father employed 18053  95.8 97.7 95.1 
    Missing 182  1.0 0.1 0.6 
  Mother employed 11475  60.9 65.9 57.8 
    Missing 108  0.6 0.1 0.5 
Parents’ smoking status         
  Only father smokes 8854  47.0 0.0 76.0 
  Only mother smokes 87  0.4 0.0 0.7 
  Both parents smoke 923  4.9 0.0 7.9 
  None of them smoke 8760  46.5 100.0 14.0 

Missing 221  1.2 0.0 1.4 
Parents’ smoking intensity 

(smokers) 
        

  Father’s cigarettes per day  9782  15.2±9.5 - 15.2±9.4 
  Mother’s cigarettes per day  1052  9.3±6.8 - 9.3±6.8 

Children's characteristics         
Child being a boy 9912  52.6 52.8 52.5 
First-born child       

Yes 9468  50.2 50.2 50.2 
No 9367  49.7 49.8 49.7 
Missing 10  0.1 0.0 0.1 

Children’s SHS exposure         
General SHS exposure      

    Never  8441  44.8 62.3 34.0 
    Ever  10401  55.2 37.7 66.0 

Missing 3  0.0 0.0 0.0 
SHS intensity       
  Non-heavy SHS exposure 16659  88.4 97.7 82.7 
  Heavy SHS exposure 2183  11.6 2.3 17.3 
  Missing 3  0.0 0.0 0.0 

Child ever diagnosed with asthma 586  3.1 3.2 3.0 
Household characteristics         
Family income         

<30,000 2195  11.6 6.3 14.6 
30,000-100,000 14332  76.1 74.6 77.2 
>100,000 2249  11.9 18.9 7.7 
Missing 69  0.4 0.2 0.4 

Number of smokers in the family 18821  0.9±1.0 0.0±0.0 1.4±0.9 
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Table 2 Early childhood SHS exposure by household, parental, and children’s characteristics (%)  

Characteristics Total (n) Non-heavy SHS Heavy SHS p-value 
Total 18845 88.4 11.6   
Parent's characteristics         
Father’s age       <.0001 

    <25 475 78.5 21.5   
    25-29 3440 85.4 14.6   
    30-34 6592 89.6 10.4   
    >=35 8338 89.2 10.8   
Mother’s age       <.0001 

    <25 2707 80.2 19.8   
    25-29 6117 86.3 13.7   
    30-34 6760 91.6 8.3   
    >=35 3261 92.4 7.6   
Father’s education level       <.0001 

    Junior high or below 2500 77.4 22.6   
    Senior high 7454 85.0 15.0   
    Junior college 4134 92.1 7.9   
    College and above 4623 96.7 3.3   
Mother’s education level      <.0001 

    Junior high or below 2637 78.7 21.2   
    Senior high 7526 85.6 14.4   
    Junior college 4797 92.2 7.8   
    College and above 3852 95.8 4.2   
Parents’ employment status        
  Father employed 18053 88.7 11.3 <.0001 
  Father not employed  610 82.5 17.5   
  Mother employed 11475 90.1 9.9 <.0001 
  Mother not employed  7262 85.9 14.1   
Parents’ smoking status      <.0001 
  Only father smokes 8854 83.6 16.4   
  Only mother smokes 87 86.2 13.8   
  Both parents smoke 923 69.1 30.9   
  None of them smoke 8760 95.5 4.5   
Heavy smoker         
  Father 4506 74.4 25.6 <.0001 
  Mother 162 49.4 50.6 <.0001 

Children's characteristics        
Gender        

Boy 9912 88.1 11.9 0.189 
Girl 8932 88.7 11.3   

Birth order        
First-born child  9468 89.7 10.3 <.0001 
Non-first-born child 9365 87.1 12.9   

Child ever diagnosed with asthma        
Yes 586 86.5 13.5 0.145 
No 18256 88.5 11.5   

Household characteristics        
Family income      <.0001 

<30,000 2195 81.1 18.9   
30,000-100,000 14332 88.6 11.4   
>100,000 2249 94.8 5.2   

Any smoker present in the 
household 

     
<.0001 

No 7130 97.7 2.3   
Yes 11651 82.7 17.3   

Number of smokers in the family      <.0001 
0 7790 95.9 4.1   
1 7309 88.4 11.6   
2 2513 76.7 23.3   
>=3 1209 64.4 35.6   
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Table 3 Odds of heavy SHS exposure for children in all, smoker, and non-smoker households  

  All households Smoker households Non-smoker households 

Characteristics    

Total    

Parent's characteristics    

Father’s age (Ref: <25)    

    25-29 0.82 (0.63-1.08) 0.81 (0.62-1.06) 1.54 (0.19-12.46) 

    30-34 0.86 (0.66-1.13) 0.85 (0.65-1.12) 1.46 (0.18-11.89) 

    >=35 0.87 (0.66-1.14) 0.88 (0.67-1.16) 1.24 (0.15-10.16) 

Mother’s age (Ref: <25)    

    25-29 0.96 (0.84-1.11) 0.98 (0.85-1.13) 0.99 (0.46-2.14) 

    30-34 0.84 (0.71-0.99)* 0.84 (0.71-1.00)* 0.93 (0.41-2.08) 

    >=35 0.75 (0.61-0.91)** 0.74 (0.60-0.92)** 0.97 (0.40-2.32) 

Father’s education level  

  (Ref: <=Junior high) 
   

    Senior high 0.77 (0.67-0.87)*** 0.75 (0.66-0.85)*** 2.04 (0.84-4.89) 

    Junior college 0.58 (0.48-0.69)*** 0.56 (0.47-0.68)*** 1.35 (0.54-3.42) 

    College and above 0.37 (0.29-0.47)*** 0.33 (0.25-0.43)*** 1.09 (0.42-2.86) 

Mother’s education level  

  (Ref: <=Junior high) 
   

    Senior high 0.80 (0.70-0.92)*** 0.80 (0.69-0.92)** 1.02 (0.48-2.14) 

    Junior college 0.72 (0.58-0.83)*** 0.67 (0.55-0.81)*** 1.40 (0.64-3.06) 

    College and above 0.80 (0.60-0.98) 0.84 (0.65-1.10) 0.83 (0.35-1.98) 

Parents’ employment status    

  Father employed (Ref: yes) 1.00 (0.78-1.30) 0.99 (0.76-1.29) 1.21 (0.42-3.48) 

  Mother employed (Ref: yes) 1.10 (0.99-1.21) 1.18 (1.06-1.32)** 0.46 (0.31-0.68)*** 

Parents’ smoking status  

(Ref: None of them smoke) 
   

    Only father smoke  0.87 (0.74-1.01)  

    Only mother smoke  0.63 (0.32-1.22)  

    Both parents smoke  1.62 (1.30-2.00)***  

Children's characteristics    

Child being a boy (Ref: Girl) 1.07 (0.96-1.17) 1.06 (0.96-1.18) 1.04 (0.76-1.43) 

First-born child (Ref: no) 0.73 (0.67-0.82)*** 0.74 (0.67-0.83)*** 0.62 (0.44-0.87)** 

Child ever diagnosed with asthma  

(Ref: no) 
1.20 (0.94-1.60) 1.20 (0.91-1.59) 1.22 (0.53-2.81) 

Household characteristics    

Family income (Ref: <30,000)    

30,000-100,000 0.96 (0.85-1.14) 0.98 (0.84-1.13) 0.88 (0.43-1.82) 

>100,000 0.88 (0.71-1.17) 0.88 (0.67-1.16) 0.77 (0.32-1.82) 

Any smoker present in the household  

(Ref: no) 
3.78 (2.89-4.20)***   

Number of smokers in the family 1.45 (1.40-1.55)*** 1.45 (1.38-1.53)***  

*p<0.05; **p<0.01;***p<0.001 
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Figure 1. Prevalence of early childhood SHS exposure in-utero and afterbith in smoker and non-smoker 
households. The proportion of young children who were exposed to heavy SHS declined significantly after 
birth. The percentage of children exposed to heavy SHS is consistently higher for those living in smoker 

households than for those living in nonsmoker households.  
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Reported 

on page # 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

2 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

4 

Objectives 3 State specific objectives, including any prespecified hypotheses 4 

Methods  

Study design 4 Present key elements of study design early in the paper 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

5-6 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and methods 

of case ascertainment and control selection. Give the rationale for the choice of 

cases and controls 

Cross-sectional study—Give the eligibility criteria, and the sources and 

methods of selection of participants 

5-6 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed 

Case-control study—For matched studies, give matching criteria and the 

number of controls per case 

6 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

6-7 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

6-7 

Bias 9 Describe any efforts to address potential sources of bias NA 

Study size 10 Explain how the study size was arrived at 6 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

6-7 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

7 

(b) Describe any methods used to examine subgroups and interactions 7 

(c) Explain how missing data were addressed 18 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls 

was addressed 

Cross-sectional study—If applicable, describe analytical methods taking 

account of sampling strategy 

5 

(e) Describe any sensitivity analyses NA 

Continued on next page

Page 24 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-014016 on 3 July 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

 2

 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in 

the study, completing follow-up, and analysed 

8 

(b) Give reasons for non-participation at each stage NA 

(c) Consider use of a flow diagram NA 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

18-19 

(b) Indicate number of participants with missing data for each variable of 

interest 

18-19 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) NA 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over 

time 

NA 

Case-control study—Report numbers in each exposure category, or summary 

measures of exposure 

8-9 

Cross-sectional study—Report numbers of outcome events or summary 

measures 

NA 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 

estimates and their precision (eg, 95% confidence interval). Make clear which 

confounders were adjusted for and why they were included 

10 

(b) Report category boundaries when continuous variables were categorized 6 

(c) If relevant, consider translating estimates of relative risk into absolute risk 

for a meaningful time period 

NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

NA 

Discussion  

Key results 18 Summarise key results with reference to study objectives 11 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias 

or imprecision. Discuss both direction and magnitude of any potential bias 

12-13 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

11-12 

Generalisability 21 Discuss the generalisability (external validity) of the study results 5 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is based 

1 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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ABSTRACT  

 

Objectives: This study provides SHS exposure data in-utero and after birth when children were at 18 

months, 36 months, and 66 months old, and it identifies risk factors for the early childhood SHS among 

18-month-old infants living in smoker and non-smoker households.  

 

Study design: The data come from the Taiwan Birth Cohort Study (TBCS), a longitudinal survey of a 

birth cohort born in 2005. This study used the survey wave when children were 18 months old (N = 18,845) 

for statistical analysis of early childhood SHS exposure. Logistic regression was used to identify the risk 

factors of the SHS exposure.  

 

Results: Approximately 62% of the 18-month-old infants lived in a household with at least one smoker, 

with the father being the smoker in 84% of those households. Among these infants living in a smoker 

household, 70% were exposed to SHS and 36% were exposed to heavy SHS in utero, and the prevalence 

was approximately 66% and 17% after birth for SHS and heavy SHS, respectively. The number and the 

existence of smokers in the household, parents’ smoking status, father's educational attainment, and being 

a first born baby are strong predictors of early childhood heavy SHS exposure.  

 

Conclusions: Encouraging families to have a smoke-free home environment, empowering women to 

ensure their perspectives and rights are embedded into tobacco control efforts, and educating families 

about the health risks from childhood SHS exposure, especially among people living in households with 

smokers, will protect nonsmoking adults and children from SHS exposure. 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

• A unique dataset, which randomly selected newborns from all live births in 2005, tracks SHS 

exposure in utero and when the children were 18 months, 36 months, and 66 months old. 

• Sample size is large, over 19,000 children for all waves.  

• The response rate is high (>92%) for all waves.  

• Parents or primary caregivers may underreport infant’s SHS due to lack of awareness or social 

desirability bias.  
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INTRODUCTION  

Secondhand smoke (SHS) puts nonsmoking adults and children at higher risk of premature death, 

illness, and other adverse effects. The health risk from SHS is especially substantial among children given 

that their lungs are still developing. Newborns exposed to SHS, either in utero or after birth, have higher 

risk of premature birth, low birth weight, and sudden infant death syndrome, and children exposed to SHS 

have higher risk of acute respiratory illness, middle ear infections, bronchi, reduced lung function, and 

asthma development.[1-3] 

Globally it is estimated that over 40% of men smoke tobacco, whereas only approximately 10% of 

women smoke, and this gender discrepancy in tobacco smoking exists especially in middle and lower 

income countries.[4] Although worldwide smoking prevalence is low among women, women and children 

comprise the major population exposed to SHS with a global profile such that 35% of nonsmoking women 

and 40% of children were exposed to SHS in 2004.[5] 

The home is a major setting for SHS exposure. Children, particularly children of preschool ages, are 

most likely to be exposed to SHS at home given that very young children spend most of their time in the 

home and smoking restrictions in the home are usually rare.[6] The existence of smoking household 

members serves as a strong predictor for SHS exposure among children.[7,8] Findings from the global 

Youth Tobacco Survey conducted by the World Health Organization (WHO) indicated that approximately 

44% of youths worldwide are exposed to SHS at home, 47% of whom have at least 1 parent who 

smokes.[9] 

Taiwan is similar to other developing countries in that men are the main subgroup of smokers, whereas 

the smoking rate for women is very low (40.0% for men, 4.8% for women in 2005, decreasing to 33.5% for 

men and 4.4% for women in 2011).[10] The prevalence of SHS exposure among nonsmoking women and 

children is substantial given the high male smoking rate and the limited of restrictions of smoking in homes 

Page 4 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-014016 on 3 July 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

5 

 

and some public places; consequently, the risk of adverse health associated with SHS for women and 

children who live with smokers is particularly high.[11-14] Previous studies using cross-sectional survey 

data in Taiwan indicated that over 60% of smoking parents with school-aged children smoke in the presence 

of their children,[12] and approximately 45% of junior and senior high school students have been exposed to 

SHS at home.[10] 

However, few studies have investigated SHS exposure among children under 5 years old, the subgroup 

with developing lung systems that are most susceptible to SHS who spend most of their time at home and 

who are more likely to be exposed to SHS through their smoking household members than are older 

children.  

This study uses birth cohort data, a longitudinal survey of a birth cohort born in 2005 and provides the 

prevalence of SHS exposure in-utero and after birth for infants and young children at 18 months, 36 months, 

and 66 months old. This study identifies risk factors of heavy SHS exposure among18-month infants, aiming 

to explore potential socio-demographic disparities associated with the early childhood SHS exposure.  

METHODS 

Data  

Data come from the Taiwan Birth Cohort Study (TBCS), a longitudinal survey of a birth cohort born in 

2005 in Taiwan. TBCS used a two-stage stratified random sampling design and drew the study sample 

from the population-based birth database (National Birth Report Database) with an 11.7% sampling rate, 

resulting in a nationally representative cohort of 24,200 newborn individuals born in 2005. Among those 

eligible newborns, 21,248 infants completed a baseline survey at 6 months of age with a response rate of 

87.8%. These infants were subsequently recruited as cohort members. Three waves of follow-up surveys 
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were conducted when the infants and young children were at 18 months, 36 months, and 66 months of age, 

with response rates of 94.9%, 93.7%, and 92.8%, respectively.  

The surveys were conducted via face-to-face interviews with either the mother or a primary caregiver 

providing the information. According to the 18-month survey, 98% of the respondents are mothers, 1.23% 

are primary caregivers, and 0.76% are both mothers and primary caregivers. Among the primary caregivers, 

the majority of them (90%) are fathers or grandparents. The surveys were reviewed and approved by the 

Directorate-General of Budget, Accounting, and Statistics, Executive Yuan, Republic of China. This study 

was approved by the Institutional Review Board at National Taiwan University Hospital.  

This study uses 4 waves of the TBCS, when the infants and young children were 6 months, 18 months, 

36 months, and 66 months old, to provide a time trend of SHS exposure across 4 time periods (in utero, 18 

months, 36 months, and 66 months). 

The 6 month wave provided retrospective information regarding women's SHS exposure during their 

pregnancy. The 18-, 36-, and 66-month waves provided information regarding young children’s current 

SHS exposure. However, the 6-month wave did not provide information on children's current SHS 

exposure. The sample sizes are 21,248, 20,172, 19,910, and 19,721 for the 6-month, 18-month, 36-month, 

and 66-month waves, respectively.  

This study restricts the study sample to the respondents who consistently answered 6-month, 18-month, 

36-month, and 66-month survey waves, and that leads in the sample size equaling 18,845. Furthermore, 

this study uses the 18-month wave, the first wave of the TBCS, including children’s current SHS 

information conducted between 2006 and 2007 for bivariate and multivariate analyses of early childhood 

SHS exposure.  
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The in-utero SHS is retrospectively reported in the 6 month wave and coded as "1" if the mother 

answered "1-2 days per week", "3-5 days per week", or "almost every day" to the question “During your 

pregnancy, did anyone smoke anywhere in front of you?” and "0" if the mother answered "never". The 

in-utero heavy SHS is coded as “1” if the mother answered either “almost every day” or “3-5 days per 

week” to that question and “0” if the mother answered “1-2 days per week”, “less than 1 day per week”, or 

“never”. The childhood SHS is measured separately in the 18-, 36-, and 66- month waves and coded as "1" 

if the mother or primary care giver answered "occasionally", "often", or "every day" to the question “How 

often is your baby exposed to secondhand smoke?” and "0" if the mother answered "never". The heavy 

childhood SHS is coded as “1” either “every day” or “often” to that question and “0” either “never” or 

"occasionally".   

Parent’s smoking status was “1” if one answered “yes” to the question “did you smoke during the past 

month?”, and “0” otherwise. If a smoker smoked over 20 cigarettes a day, she or he was defined as a heavy 

smoker, otherwise not a heavy smoker. The respondents were asked “has the baby ever been diagnosed 

with asthma by a doctor?”, and which was used to describe children’s health condition related to SHS 

exposure. Smoker household was coded 1 if any parent or other household members smoked and 0 if none 

of them smoked.  

All control variables of the statistical analysis, including characteristics of the parents, children, and 

household, were measured when the child was 18 months except for the parents’ age at birth of child 

(answered at 6 months) and asthma in the child (measured at 36 months). 

Statistical methods  

Descriptive Analysis  
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The sample was classified into two groups: young children living in a smoker household and those 

living in a non-smoker household. The crude proportion of the in-utero and heavy childhood SHS exposure 

at 18 months, 36 months, and 66 months old was provided for all children, those in smoker and nonsmoker 

households alike.   

Summary statistics for outcome (heavy early childhood SHS exposure) and covariates (parents' 

characteristics, child's characteristics, and household characteristics) are provided for the 18-month infants 

in both smoker and nonsmoker households.  

Bivariate associations of each covariate with heavy and non-heavy early childhood SHS exposure were 

tested with Chi-square tests for categorical variables and ANOVA for continuous variables.  

Statistical Analysis  

This study used logistic regression to estimate the odds of heavy early childhood SHS exposure for two 

groups (infants living in a smoker household and infants living in a nonsmoker household), separately. 

This approach identifies the risk factors associated with heavy early childhood SHS exposure, and it 

captures potential differences in the associations between heavy early childhood SHS exposure and 

covariates among infants living in smoker and nonsmoker households.  

All statistical analyses were conducted by SAS version 9.3.   
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RESULTS  

Trends of childhood SHS exposure  

In general, the proportion of young children who were exposed to heavy SHS was 26.1% in utero, and 

it declined significantly after birth to 11.6%, 12.1%, and 9.5% when the children were 18 months, 36 

months, and 66 months old, respectively (Figure 1).   

When the sample was divided into those who live in smoker versus nonsmoker households, the trend 

presents similar patterns between the two subsamples (the heavy SHS prevalence declined significantly 

after birth). The percentage of young children exposed to heavy SHS is consistently high for those living in 

smoker households.  

 [INSERT FIGURE 1] 

Baseline summary statistics  

Among the18-month infants, 61.8% lived in a smoker household and 37.8% lived in a nonsmoker 

household. The average age was 36.5 years for fathers and 29.9 years for mothers. Educational attainment 

was higher for parents living in nonsmoker households than for those living in smoker households. 

Approximately half of the infants (47%) had the father as the only smoker in the household, 0.5% had the 

mother as the only smoker, 4.9% had both parents as smokers, and 46.5% had neither parent as a smoker. 

Similarly, among infants living in smoker households, 76% had the father as the only smoker, 7.9% had 

the mother as the only smoker, and 14% had other family member as the only smoker. On average, 

smoking fathers smoked approximately 15 cigarettes per day, and smoking mothers smoked approximately 

9 cigarettes per day (Table 1). 

[INSERT TABLE 1] 
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Among the 18- month infants, 52% were boys and 50% were first born children. On average, 55.2% of 

the 18-month infants were exposed to SHS, with 66% exposed to SHS in a smoker household and 37.7% 

exposed to SHS in a non-smoker household. A total of 11.6% of the infants were exposed to heavy SHS, 

with 17.3% exposed to heavy SHS from living in a smoker household and 2.3% exposed from living in a 

nonsmoker household. Among the 18- month infants, 3.1% were diagnosed with asthma. On average, 

family income for infants living in nonsmoker households (<30000: 6.3%, 30,000-100,000: 74.6%, 

>100,000: 18.9) was higher than that for smoker households (<30,000:14.6%, 30,000-100,000:77.2%, 

>100,000: 7.7%). The average number of smokers living in a smoker household with infants was 1.4.  

Bivariate analysis  

Results from bivariate analyses (Table 2) indicate that presence of heavy SHS is significantly 

associated with parents’ younger age, lower education level, not employed, currently smoking, and higher 

smoking intensity (all p < 0.01). Heavy SHS was significantly higher among non-first-born children than 

first born children (p<0.01).  

[INSERT TABLE 2] 

Household characteristics such as family income, smoking status, and number of smokers in the 

household were found to be significantly associated with heavy SHS exposure (all p<0.01).   

Multivariate analysis  

The results from multivariate logistic regression (Table 3) indicate that among all of the 18-month 

infants, the presence of a smoker in the household increased the likelihood for them to be exposed to heavy 

SHS. The more smokers present in the household, the more likely they are to be exposed to heavy SHS. 

The older the mother is, the less likely child is to be exposed to heavy SHS. The higher the father and 
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mother's educational status is, the less likely the child is to be exposed to heavy SHS. Being a first born 

child is associated with decreased likelihood of heavy SHS exposure.  

[INSERT TABLE 3] 

After dividing the infants into those living in smoker versus nonsmoker households, parental 

characteristics such as age of mother and education of father and mother are significantly associated with 

the heavy early childhood SHS exposure for those living in smoker households but not among those living 

in nonsmoker households. Among infants living in a smoker household, the subgroup of infants having 

both smoker parents have significant higher likelihood to be exposed to heavy SHS compared to their 

counterparts. The mother's employment status was found to be significantly associated with increased SHS 

exposure for infants in a smoker household but decreased SHS exposure for infants in nonsmoker 

households. Being a first born child was found to be associated with decreased likelihood of SHS exposure 

for infants living in either a nonsmoker or smoker household. 

DISCUSSION  

To our knowledge, this is the first study using a birth cohort data and investigating SHS exposure in 

utero and among young children at different ages under 5 years old. This study uses a unique dataset, the 

Taiwan Birth Cohort Survey (TBCS) data, which randomly selected newborns from among all live births 

in 2005, and tracks SHS exposure in utero and when the children were 18 months, 36 months, and 66 

months old.  

Our results indicate that among the 18-month-old infants, 61.8% of them lived in a household with at 

least one smoker, with the father being the smoker in 84% of those households. This result confirms 

previous studies in East Asia indicating that most childhood SHS may come from the father and other 
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household members, whereas 76% of infants living in a smoker household have father being the only 

smoker, and 14% have other family member and 0.7% have mother being the only smoker [7,15] These 

results indicate the urgent need to keep homes smoke-free to protect children from SHS exposure. Indeed, 

banning smoking in the home is found to be associated with a significant reduction in urinary cotinine to 

creatinine ratio in infants.[16-19] However, smoking restrictions in homes are not mandated by legal 

regulations, and the voluntary restriction of smoking is usually rare. Efforts are needed to encourage 

Taiwanese families to adopt their own policy of restricting smoking in the home setting.  

Taiwan is similar to many other Asian countries in that the familial values are deeply influenced by 

Confucianism, with an expectation of respecting the elderly and males to maintain the patriarchal family. 

This philosophy of Confucianism and patriarchy embedded in Chinese familial values may cause married 

women and children to be hesitant to change the smoking behavior of their male household members or to 

ask male smokers to smoke outside of the home.[20,21] Therefore, in addition to encouraging families to 

have a smoke-free home environment, there is a crucial need to empower women to ensure that their 

perspectives and rights are embedded in tobacco control efforts to protect not only themselves but also their 

children from SHS exposure.  

Previous studies have indicated that smoke-free legislation in public places can spill over to the home 

setting through creating a norm of not smoking around nonsmokers.[22-25] Indeed, a few studies found 

that the comprehensive smoke-free laws enacted in 2009 in Taiwan reduced adult nonsmokers' SHS 

exposure in the home and even increased smoking cessation.[11,14] The enforcement of smoke-free 

environments in many public places may further reduce women and children's SHS exposure at home. In 

our study, we found that the SHS exposure declined significantly from 12.1% when the children were 36 
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month olds in 2008 to 9.5% when the children were 66 month olds in 2010-2011. The decreasing patterns 

were similar when the sample was divided into those who live in smoker versus nonsmoker households. 

Part of the decrease may result from the implementation of comprehensive smoke-free laws in 2009.  

Our results indicated that the firstborn children are significantly less likely to be exposed to heavy SHS 

than later borns are. This finding confirms previous studies indicating that firstborn children tend to receive 

higher quality care in social, affectionate, and caretaking activities during early childhood than later borns 

do.[26-28] In addition, the finding of the high in-utero SHS exposure indicates a serious lack of knowledge 

on and social protection from the harms of SHS exposure during pregnancy, leading pregnant women 

continually being exposed to SHS.[29-31] 

Our results indicated that several factors are significantly associated with heavy early childhood SHS 

exposure, which allows the specific groups to be targeted by interventions to be identified, for example 

households with smokers, households with more than one smoker, both parents smoke, parents with lower 

educational attainment, mothers of younger age, and non-first-born children. More educational 

interventions and resources need to be aimed at these target groups to reduce early childhood SHS 

exposure from their household smokers through education about the health risks from SHS exposure.  

A potential limitation this study has is that parents or primary caregivers may underreport infant’s SHS 

due to lack of awareness or social desirability bias. Nevertheless, in our sample, 55.2% of primary 

caregivers indicated that their children were exposed to SHS, and this prevalence is higher than previously 

found in Taiwan.[10,13] Another concern regarding systematic bias in childhood SHS exposure may arise 

if underreporting occurs in a certain demographic or socioeconomic subgroup and not others. However, a 
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study using multiple SHS exposure measures, both self-reporting and serum cotinine level, indicated that 

exposure patterns by demographic characteristics were similar among those two measures.[32] 

CONCLUSIONS  

This study investigated the early childhood SHS exposure among 18-month-old infants, a subgroup of 

young children spending most of their time at home and most likely to be exposed to household SHS 

through their household members. The results indicate that most early childhood SHS comes from the father 

and other household members, whereas the smoking rate for women in this study setting is very low. 

Encouraging families to maintain a smoke-free home environment, empowering women to ensure their 

perspectives and rights are embedded into tobacco control efforts, and educating families about the health 

risks from childhood SHS exposure, especially among children living in households with smokers, will 

protect nonsmoking women and their children from SHS exposure.  
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Figure 1. Prevalence of early childhood SHS exposure in-utero and afterbith in smoker and non-smoker 

households. The proportion of young children who were exposed to heavy SHS declined significantly after 

birth. The percentage of children exposed to heavy SHS is consistently higher for those living in smoker 

households than for those living in nonsmoker households. 
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Table 1 Baseline summary descriptive data (measured when the children were 18 months old), N(% and mean±SD) 

Variables Number of 
Observations 

All 
households Nonsmoker households Smoker households 

Total 18845     (100.0) 7130 (100.0) 11651 (100.0) 
Parent's characteristics         
Father’s age (years) 18845  (36.5±13.8) 7130 (35.7±9.1) 11651 (36.9±15.6) 

    <25 475  (2.5) 53 (0.7) 419 (3.6) 
    25-29 3440  (18.3) 858 (12.0) 2574 (22.1) 
    30-34 6592  (35.0) 2729 (38.3) 3859 (33.1) 
    >=35 8338  (44.2) 3490 (49.0) 4799 (41.2) 
Mother’s age (years) 18845  (29.9±4.8) 7130 31.4±4.3) 11651 (28.9±4.9) 

    <25 2707  (14.4) 409 (5.7) 2283 (19.6) 
    25-29 6117  (32.4) 1848 (25.9) 4251 (36.5) 
    30-34 6760  (35.9) 3236 (45.4) 3510 (30.1) 
    >=35 3261  (17.3) 1637 (23.0) 1607 (13.8) 
Father’s education level       

    Junior high or below 2500  (13.3) 409 (5.7) 2079 (17.8) 
    Senior high 7454  (39.6) 1772 (24.9) 5664 (48.6) 
    Junior college 4134  (21.9) 1790 (25.1) 2332 (20.0) 
    College and above 4623  (24.5) 3140 (44.0) 1479 (12.7) 
    Missing 134  (0.7) 19 (0.3) 97 (0.8) 
Mother’s education level        

    Junior high or below 2637  (14.0) 521 (7.3) 2103 (18.1) 
    Senior high 7526  (39.9) 1927 (27.0)  5571 (47.8) 
    Junior college 4797  (25.5) 2147 (30.1) 2638 (22.6) 
    College and above 3852  (20.4) 2527 (35.5) 1314 (11.3) 
    Missing 33  (0.2) 8 (0.1) 25 (0.2) 
Parents’ employment status        
  Father employed 18053  (95.8) 6969 (97.7) 11075 (95.1) 
    Missing 182  (1.0) 9 (0.1) 121 (0.6) 
  Mother employed 11475  (60.9) 4698 (65.9) 6733 (57.8) 
    Missing 108  (0.6) 9 (0.1) 92 (0.5) 
Parents’ smoking status        
  Only father smokes 8854  (47.0) 0 (0.0) 8854 (76.0) 
  Only mother smokes 87  (0.4) 0 (0.0) 87 (0.7) 
  Both parents smoke 923  (4.9) 0 (0.0) 923 (7.9) 
  None of them smoke 8760  (46.5) 7130 (100.0) 1630 (14.0) 

Missing 221  (1.2) 0 (0.0) 157 (1.4) 
Parents’ smoking intensity 

(smokers) 
       

  Father’s cigarettes per day  9782  (15.2±9.5)  0 - 9782 (15.2±9.4)  
  Mother’s cigarettes per day  1052  (9.3±6.8) 0 - 1052 (9.3±6.8) 

Children's characteristics        
Child being a boy 9912  (52.6) 3765 (52.8) 6114 (52.5) 
First-born child         

Yes 9468  (50.2) 3579 (50.2) 5845 (50.2) 
No 9367  (49.7) 3551 (49.8) 5796 (49.7) 
Missing 10  (0.1) 0 (0.0) 10 (0.1) 

Children’s SHS exposure        
General SHS exposure        

    Never  8441  (44.8) 4439 (62.3) 3961 (34.0) 
    Ever  10401  (55.2) 2691 (37.7) 7690 (66.0) 

Missing 3  (0.0) 0 (0.0) 0 (0.0) 
SHS intensity         
  Non-heavy SHS exposure 16659  (88.4) 6968 (97.7) 9632 (82.7) 
  Heavy SHS exposure 2183  (11.6) 162 (2.3) 2019 (17.3) 
  Missing 3  (0.0) 0 (0.0) 0 (0.0) 

Child ever diagnosed with asthma 586  (3.1) 228 (3.2) 354 (3.0) 
Household characteristics        
Family income (NTD)        

<30,000 2195  (11.6) 449 (6.3) 1705 (14.6) 
30,000-100,000 14332  (76.1) 5319 (74.6) 8996 (77.2) 
>100,000 2249  (11.9) 1348 (18.9) 900 (7.7) 
Missing 69  (0.4) 14 (0.2) 50 (0.4) 

Number of smokers in the family 18821  (0.9±1.0) 7130 (0.0±0.0) 11628 (1.4±0.9) 

*NTD, New Taiwan Dollars, 30 NTD≒1 USD; 40 NTD≒1 GBP 
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Table 2 Early childhood SHS exposure by household, parental, and children’s characteristics, N(%)  
Characteristics Total (n) Non-heavy SHS Heavy SHS p-value 
Total 18845 16659 (88.4) 2183 (11.6)   
Parent's characteristics           
Father’s age (years)         <.0001 

    <25 475 373 (78.5) 102 (21.5)   
    25-29 3440 2939 (85.4) 501 (14.6)   
    30-34 6592 5909 (89.6) 683 (10.4)   
    >=35 8338 7438 (89.2) 897 (10.8)   
Mother’s age (years)       <.0001 

    <25 2707 2171 (80.2) 535 (19.8)   
    25-29 6117 5281 (86.3) 835 (13.7)   
    30-34 6760 6195 (91.6) 564 (8.3)   
    >=35 3261 3012 (92.4) 249 (7.6)   
Father’s education level         <.0001 

    Junior high or below 2500 1934 (77.4) 564 (22.6)   
    Senior high 7454 6337 (85.0) 1117 (15.0)   
    Junior college 4134 3808 (92.1) 325 (7.9)   
    College and above 4623 4469 (96.7) 154 (3.3)   
Mother’s education level       <.0001 

    Junior high or below 2637 2076 (78.7) 559 (21.2)   
    Senior high 7526 6442 (85.6) 1083 (14.4)   
    Junior college 4797 4422 (92.2) 375 (7.8)   
    College and above 3852 3689 (95.8) 163 (4.2)   
Parents’ employment status         
  Father employed 18053 16007 (88.7) 2045 (11.3) <.0001 
  Father not employed  610 503 (82.5) 107 (17.5)   
  Mother employed 11475 10337 (90.1) 1137 (9.9) <.0001 
  Mother not employed  7262 6240 (85.9) 1022 (14.1)   
Parents’ smoking status       <.0001 
  Only father smokes 8854 7404 (83.6) 1450 (16.4)   
  Only mother smokes 87 75 (86.2) 12 (13.8)   
  Both parents smoke 923 638 (69.1) 285 (30.9)   
  None of them smoke 8760 8364 (95.5) 396 (4.5)   
Heavy smoker          
  Father 4506 3351 (74.4) 1155 (25.6) <.0001 
  Mother 162 80 (49.4) 82 (50.6) <.0001 

Children's characteristics          
Gender          

Boy 9912 8733 (88.1) 1177 (11.9) 0.189 
Girl 8932 7926 (88.7) 1006 11.3)   

Birth order         
First-born child  9468 8491 (89.7) 976 (10.3) <.0001 
Non-first-born child 9365 8158 (87.1) 1207 (12.9)   

Child ever diagnosed with asthma         
Yes 586 507 (86.5) 79 (13.5) 0.145 
No 18256 16152 (88.5) 2104 (11.5)   

Household characteristics         
Family income (NTD)       <.0001 

<30,000 2195 1781 (81.1) 414 (18.9)   
30,000-100,000 14332 12694 (88.6) 1637 (11.4)   
>100,000 2249 2132 (94.8) 117 (5.2)   

Any smoker present in the 
household 

      <.0001 

No 7130 6968 (97.7) 162 (2.3)   
Yes 11651 9632 (82.7) 2019 (17.3)   

Number of smokers in the family       <.0001 
0 7790 7472 (95.9) 316 (4.1)   
1 7309 6463 (88.4) 846 (11.6)   
2 2513 1927 (76.7) 586 (23.3)   
>=3 1209 778 (64.4) 431 (35.6)   

*NTD, New Taiwan Dollars, 30 NTD≒1 USD; 40 NTD≒1 GBP 
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Table 3 Risk factors for heavy SHS exposure for children in all, smoker, and non-smoker households  

  All households Smoker households Non-smoker households 

Characteristics    
Total    

Parent's characteristics    

Father’s age (years) (Ref: <25)    
    25-29 0.82 (0.63-1.08) 0.81 (0.62-1.06) 1.54 (0.19-12.46) 
    30-34 0.86 (0.66-1.13) 0.85 (0.65-1.12) 1.46 (0.18-11.89) 
    >=35 0.87 (0.66-1.14) 0.88 (0.67-1.16) 1.24 (0.15-10.16) 
Mother’s age (years) (Ref: <25)    

    25-29 0.96 (0.84-1.11) 0.98 (0.85-1.13) 0.99 (0.46-2.14) 
    30-34 0.84 (0.71-0.99)* 0.84 (0.71-1.00)* 0.93 (0.41-2.08) 
    >=35 0.75 (0.61-0.91)** 0.74 (0.60-0.92)** 0.97 (0.40-2.32) 
Father’s education level  

  (Ref: <=Junior high) 
   

    Senior high 0.77 (0.67-0.87)*** 0.75 (0.66-0.85)*** 2.04 (0.84-4.89) 
    Junior college 0.58 (0.48-0.69)*** 0.56 (0.47-0.68)*** 1.35 (0.54-3.42) 
    College and above 0.37 (0.29-0.47)*** 0.33 (0.25-0.43)*** 1.09 (0.42-2.86) 
Mother’s education level  

  (Ref: <=Junior high) 
   

    Senior high 0.80 (0.70-0.92)*** 0.80 (0.69-0.92)** 1.02 (0.48-2.14) 
    Junior college 0.72 (0.58-0.83)*** 0.67 (0.55-0.81)*** 1.40 (0.64-3.06) 
    College and above 0.80 (0.60-0.98) 0.84 (0.65-1.10) 0.83 (0.35-1.98) 
Parents’ employment status    
  Father employed (Ref: yes) 1.00 (0.78-1.30) 0.99 (0.76-1.29) 1.21 (0.42-3.48) 
  Mother employed (Ref: yes) 1.10 (0.99-1.21) 1.18 (1.06-1.32)** 0.46 (0.31-0.68)*** 
Parents’ smoking status  

(Ref: None of them smoke) 
   

    Only father smoke  0.87 (0.74-1.01)  
    Only mother smoke  0.63 (0.32-1.22)  
    Both parents smoke  1.62 (1.30-2.00)***  
Children's characteristics    
Child being a boy (Ref: Girl) 1.07 (0.96-1.17) 1.06 (0.96-1.18) 1.04 (0.76-1.43) 
First-born child (Ref: no) 0.73 (0.67-0.82)*** 0.74 (0.67-0.83)*** 0.62 (0.44-0.87)** 
Child ever diagnosed with asthma  

(Ref: no) 
1.20 (0.94-1.60) 1.20 (0.91-1.59) 1.22 (0.53-2.81) 

Household characteristics    
Family income (NTD) (Ref: <30,000)    

30,000-100,000 0.96 (0.85-1.14) 0.98 (0.84-1.13) 0.88 (0.43-1.82) 
>100,000 0.88 (0.71-1.17) 0.88 (0.67-1.16) 0.77 (0.32-1.82) 

Any smoker present in the household  

(Ref: no) 
3.78 (2.89-4.20)***   

Number of smokers in the family 1.45 (1.40-1.55)*** 1.45 (1.38-1.53)***  

*p<0.05; **p<0.01;***p<0.001 

NTD, New Taiwan Dollars, 30 NTD≒1 USD; 40 NTD≒1 GBP 
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Figure 1. Prevalence of early childhood SHS exposure in-utero and afterbith in smoker and non-smoker 
households. The proportion of young children who were exposed to heavy SHS declined significantly after 
birth. The percentage of children exposed to heavy SHS is consistently higher for those living in smoker 

households than for those living in nonsmoker households.  
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Reported 

on page # 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

2 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

4 

Objectives 3 State specific objectives, including any prespecified hypotheses 4 

Methods  

Study design 4 Present key elements of study design early in the paper 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

5-6 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and methods 

of case ascertainment and control selection. Give the rationale for the choice of 

cases and controls 

Cross-sectional study—Give the eligibility criteria, and the sources and 

methods of selection of participants 

5-6 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed 

Case-control study—For matched studies, give matching criteria and the 

number of controls per case 

6 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

6-7 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

6-7 

Bias 9 Describe any efforts to address potential sources of bias NA 

Study size 10 Explain how the study size was arrived at 6 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

6-7 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

7 

(b) Describe any methods used to examine subgroups and interactions 7 

(c) Explain how missing data were addressed 18 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls 

was addressed 

Cross-sectional study—If applicable, describe analytical methods taking 

account of sampling strategy 

5 

(e) Describe any sensitivity analyses NA 
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Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in 

the study, completing follow-up, and analysed 

8 

(b) Give reasons for non-participation at each stage NA 

(c) Consider use of a flow diagram NA 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

18-19 

(b) Indicate number of participants with missing data for each variable of 

interest 

18-19 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) NA 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over 

time 

NA 

Case-control study—Report numbers in each exposure category, or summary 

measures of exposure 

8-9 

Cross-sectional study—Report numbers of outcome events or summary 

measures 

NA 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 

estimates and their precision (eg, 95% confidence interval). Make clear which 

confounders were adjusted for and why they were included 

10 

(b) Report category boundaries when continuous variables were categorized 6 

(c) If relevant, consider translating estimates of relative risk into absolute risk 

for a meaningful time period 

NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

NA 

Discussion  

Key results 18 Summarise key results with reference to study objectives 11 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias 

or imprecision. Discuss both direction and magnitude of any potential bias 

12-13 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

11-12 

Generalisability 21 Discuss the generalisability (external validity) of the study results 5 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is based 

1 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Reported 

on page # 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

1-2 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

4-5 

Objectives 3 State specific objectives, including any prespecified hypotheses 5 

Methods  

Study design 4 Present key elements of study design early in the paper 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

5-6 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and methods 

of case ascertainment and control selection. Give the rationale for the choice of 

cases and controls 

Cross-sectional study—Give the eligibility criteria, and the sources and 

methods of selection of participants 

5-6 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed 

Case-control study—For matched studies, give matching criteria and the 

number of controls per case 

6 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

6-7 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

6-7 

Bias 9 Describe any efforts to address potential sources of bias NA 

Study size 10 Explain how the study size was arrived at 6 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

6-7 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

6-7 

(b) Describe any methods used to examine subgroups and interactions 7-8 

(c) Explain how missing data were addressed 21 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls 

was addressed 

Cross-sectional study—If applicable, describe analytical methods taking 

account of sampling strategy 

5 

(e) Describe any sensitivity analyses NA 
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Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in 

the study, completing follow-up, and analysed 

9 

(b) Give reasons for non-participation at each stage NA 

(c) Consider use of a flow diagram NA 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

21-22 

(b) Indicate number of participants with missing data for each variable of 

interest 

21-22 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) NA 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over 

time 

NA 

Case-control study—Report numbers in each exposure category, or summary 

measures of exposure 

9-10 

Cross-sectional study—Report numbers of outcome events or summary 

measures 

NA 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 

estimates and their precision (eg, 95% confidence interval). Make clear which 

confounders were adjusted for and why they were included 

23 

(b) Report category boundaries when continuous variables were categorized 6-7 

(c) If relevant, consider translating estimates of relative risk into absolute risk 

for a meaningful time period 

NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

NA 

Discussion  

Key results 18 Summarise key results with reference to study objectives 11 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias 

or imprecision. Discuss both direction and magnitude of any potential bias 

13 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

11-13 

Generalisability 21 Discuss the generalisability (external validity) of the study results 5 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is based 

15 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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ABSTRACT  

 

Objectives: This study provides SHS exposure data in-utero and after birth when children were at 18 

months, 36 months, and 66 months old, and it identifies risk factors for the early childhood SHS among 

18-month-old infants living in smoker and non-smoker households.  

 

Study design: The data come from the Taiwan Birth Cohort Study (TBCS), a longitudinal survey of a 

birth cohort born in 2005. This study used the survey wave when children were 18 months old (N = 18,845) 

for statistical analysis of early childhood SHS exposure. Logistic regression was used to identify the risk 

factors of the SHS exposure.  

 

Results: Approximately 62% of the 18-month-old infants lived in a household with at least one smoker, 

with the father being the smoker in 84% of those households. Among these infants living in a smoker 

household, 70% were exposed to SHS and 36% were exposed to heavy SHS in utero, and the prevalence 

was approximately 66% and 17% after birth for SHS and heavy SHS, respectively. The number and the 

existence of smokers in the household, parents’ smoking status, father's educational attainment, and being 

a first born baby are strong predictors of early childhood heavy SHS exposure.  

 

Conclusions: Encouraging families to have a smoke-free home environment, empowering women to 

ensure their perspectives and rights are embedded into tobacco control efforts, and educating families 

about the health risks from childhood SHS exposure, especially among people living in households with 

smokers, will protect nonsmoking adults and children from SHS exposure. 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

• A unique dataset, which randomly selected newborns from all live births in 2005, tracks SHS 

exposure in utero and when the children were 18 months, 36 months, and 66 months old. 

• Sample size is large, over 19,000 children for all waves.  

• The response rate is high (>92%) for all waves.  

• Parents or primary caregivers may underreport infant’s SHS due to lack of awareness or social 

desirability bias.  
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INTRODUCTION  

Secondhand smoke (SHS) puts nonsmoking adults and children at higher risk of premature death, 

illness, and other adverse effects. The health risk from SHS is especially substantial among children given 

that their lungs are still developing. Newborns exposed to SHS, either in utero or after birth, have higher 

risk of premature birth, low birth weight, and sudden infant death syndrome, and children exposed to SHS 

have higher risk of acute respiratory illness, middle ear infections, bronchi, reduced lung function, and 

asthma development.[1-3] 

Globally it is estimated that over 40% of men smoke tobacco, whereas only approximately 10% of 

women smoke, and this gender discrepancy in tobacco smoking exists especially in middle and lower 

income countries.[4] Although worldwide smoking prevalence is low among women, women and children 

comprise the major population exposed to SHS with a global profile such that 35% of nonsmoking women 

and 40% of children were exposed to SHS in 2004.[5] 

The home is a major setting for SHS exposure. Children, particularly children of preschool ages, are 

most likely to be exposed to SHS at home given that very young children spend most of their time in the 

home and smoking restrictions in the home are usually rare.[6] The existence of smoking household 

members serves as a strong predictor for SHS exposure among children.[7,8] Findings from the global 

Youth Tobacco Survey conducted by the World Health Organization (WHO) indicated that approximately 

44% of youths worldwide are exposed to SHS at home, 47% of whom have at least 1 parent who 

smokes.[9] 

Taiwan is similar to other developing countries in that men are the main subgroup of smokers, whereas 

the smoking rate for women is very low (40.0% for men, 4.8% for women in 2005, decreasing to 33.5% for 
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men and 4.4% for women in 2011).[10] The prevalence of SHS exposure among nonsmoking women and 

children is substantial given the high male smoking rate and the limited restrictions of smoking in homes 

and some public places; consequently, the risk of adverse health associated with SHS for women and 

children who live with smokers is particularly high.[11-14] Previous studies using cross-sectional survey 

data in Taiwan indicated that over 60% of smoking parents with school-aged children smoke in the presence 

of their children,[12] and approximately 45% of junior and senior high school students have been exposed to 

SHS at home.[10] 

However, few studies have investigated SHS exposure among children under 5 years old, the subgroup 

with developing lung systems that are most susceptible to SHS. These young children spend most of their 

time at home and are more likely to be exposed to SHS through their smoking household members than are 

older children.  

This study uses birth cohort data, a longitudinal survey of a birth cohort born in 2005 and provides the 

prevalence of SHS exposure in-utero and children at 18 months, 36 months, and 66 months old. This study 

identifies risk factors of heavy SHS exposure among18-month infants, aiming to explore potential 

socio-demographic disparities associated with the early childhood SHS exposure.  

METHODS 

Data  

Data come from the Taiwan Birth Cohort Study (TBCS), a longitudinal survey of a nationally 

representative birth cohort born in 2005 in Taiwan. The TBCS used a two-stage stratified random sampling 

design and drew the study sample from the population-based birth database (National Birth Report 

Database) with an 11.7% sampling rate, resulting in a nationally representative cohort of 24,200 newborn 
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individuals born in 2005. Among those eligible newborns, 21,248 infants completed a baseline survey at 6 

months of age with a response rate of 87.8%. These infants were subsequently recruited as cohort members. 

Three waves of follow-up surveys were conducted when the infants and young children were at 18 months, 

36 months, and 66 months of age, with response rates of 94.9%, 93.7%, and 92.8%, respectively. The 

TBCS is sponsored by Taiwan Health Promotion Administration designed to document the health and 

developmental trajectories of children in Taiwan, and the survey has been widely used in studies 

investigating topics in child development and health [15-17]. Detailed information about the TBCS can be 

found in previous publications.[18-20] 

The survey was conducted via face-to-face interviews using standardized questionnaires with either the 

mother or a primary caregiver by trained interviewers, providing the information about children’s health 

and development, child care, lifestyle, and social and physical environment exposures. According to the 

18-month survey, 98% of the respondents are mothers, 1.23% are primary caregivers, and 0.76% are both 

mothers and primary caregivers. Among the primary caregivers, the majority of them (90%) are fathers or 

grandparents. The TBCS survey protocol and questionnaires have been reviewed and approved by the IRB 

of the Bureau of Health Promotion, Department of Health and the Directorate-General of Budget, 

Accounting, and Statistics, Executive Yuan, Republic of China (No. 94-C3-0940005257). This study is 

approved by the Institutional Review Board at National Taiwan University Hospital (ID number: 

201503081RINB). The survey, the wave when children were 18 months, is attached as a supplementary 

file.  
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This study uses 4 waves of the TBCS, when the infants and young children were 6 months, 18 months, 

36 months, and 66 months old, to provide a time trend of SHS exposure across 4 time periods (in utero, 18 

months, 36 months, and 66 months). 

The 6 month wave provided retrospective information regarding women's SHS exposure during their 

pregnancy. The 18-, 36-, and 66-month waves provided information regarding young children’s current 

SHS exposure. However, the 6-month wave did not provide information on children's current SHS 

exposure. The sample sizes are 21,248, 20,172, 19,910, and 19,721 for the 6-month, 18-month, 36-month, 

and 66-month waves, respectively.  

This study restricts the study sample to the respondents who consistently answered 6-month, 18-month, 

36-month, and 66-month survey waves, and that leads in the sample size equaling 18,845. Furthermore, 

this study uses the 18-month wave, the first wave of the TBCS, including children’s current SHS 

information conducted between 2006 and 2007 for bivariate and multivariate analyses of early childhood 

SHS exposure.  

The in-utero SHS is retrospectively reported in the 6 month wave and coded as "1" if the mother 

answered "1-2 days per week", "3-5 days per week", or "almost every day" to the question “During your 

pregnancy, did anyone smoke anywhere in front of you?” and "0" if the mother answered "never". The 

in-utero heavy SHS is coded as “1” if the mother answered either “almost every day” or “3-5 days per 

week” to that question and “0” if the mother answered “1-2 days per week”, “less than 1 day per week”, or 

“never”. The childhood SHS is measured separately in the 18-, 36-, and 66- month waves and coded as "1" 

if the mother or primary care giver answered "occasionally", "often", or "every day" to the question “How 

often is your baby exposed to secondhand smoke?” and "0" if the mother answered "never". The heavy 
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childhood SHS is coded as “1” either “every day” or “often” to that question and “0” either “never” or 

"occasionally".   

Parent’s smoking status was “1” if one answered “yes” to the question “did you smoke during the past 

month?”, and “0” otherwise. If a smoker smoked over 20 cigarettes a day, she or he was defined as a heavy 

smoker, otherwise not a heavy smoker. Smoker household was coded 1 if any parent or other household 

members smoked and 0 if none of them smoked.  

All control variables of the statistical analysis, including characteristics of the parents, children, and 

household, were measured when the child was 18 months except for the parents’ age at birth of child 

(answered at 6 months). 

Statistical methods  

Descriptive Analysis  

The sample was classified into two groups: young children living in a smoker household and those 

living in a non-smoker household. The crude proportion of the in-utero and heavy childhood SHS exposure 

at 18 months, 36 months, and 66 months old was provided for all children, those in smoker and nonsmoker 

households alike.   

Summary statistics for outcome (heavy early childhood SHS exposure) and covariates (parents' 

characteristics, child's characteristics, and household characteristics) are provided for the 18-month infants 

in both smoker and nonsmoker households.  

Bivariate associations of each covariate with heavy and non-heavy early childhood SHS exposure were 

tested with Chi-square tests for categorical variables and ANOVA for continuous variables.  

Statistical Analysis  
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This study used logistic regression to estimate the odds of heavy early childhood SHS exposure for two 

groups (infants living in a smoker household and infants living in a nonsmoker household), separately. 

This approach identifies the risk factors associated with heavy early childhood SHS exposure, and it 

captures potential differences in the associations between heavy early childhood SHS exposure and 

covariates among infants living in smoker and nonsmoker households.  

All statistical analyses were conducted by SAS version 9.3.   
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RESULTS  

Trends of childhood SHS exposure  

In general, the proportion of young children who were exposed to heavy SHS was 26.1% in utero, and 

it declined significantly after birth to 11.6%, 12.1%, and 9.5% when the children were 18 months, 36 

months, and 66 months old, respectively (Figure 1).   

When the sample was divided into those who live in smoker versus nonsmoker households, the trend 

presents similar patterns between the two subsamples (the heavy SHS prevalence declined significantly 

after birth). The percentage of young children exposed to heavy SHS is consistently high for those living in 

smoker households.  

 [INSERT FIGURE 1] 

Baseline summary statistics  

Among the18-month infants, 61.8% lived in a smoker household and 37.8% lived in a nonsmoker 

household. The average age was 36.5 years for fathers and 29.9 years for mothers. Educational attainment 

was higher for parents living in nonsmoker households than for those living in smoker households. 

Approximately half of the infants (47%) had the father as the only smoker in the household, 0.5% had the 

mother as the only smoker, 4.9% had both parents as smokers, and 46.5% had neither parent as a smoker. 

Similarly, among infants living in smoker households, 76% had the father as the only smoker, 7.9% had 

the mother as the only smoker, and 14% had other family member as the only smoker. On average, 

smoking fathers smoked approximately 15 cigarettes per day, and smoking mothers smoked approximately 

9 cigarettes per day (Table 1). 

[INSERT TABLE 1] 
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Among the 18- month infants, 52% were boys and 50% were first born children. On average, 55.2% of 

the 18-month infants were exposed to SHS, with 66% exposed to SHS in a smoker household and 37.7% 

exposed to SHS in a non-smoker household. A total of 11.6% of the infants were exposed to heavy SHS, 

with 17.3% exposed to heavy SHS from living in a smoker household and 2.3% exposed from living in a 

nonsmoker household. On average, family income for infants living in nonsmoker households (<30000: 

6.3%, 30,000-100,000: 74.6%, >100,000: 18.9) was higher than that for smoker households 

(<30,000:14.6%, 30,000-100,000:77.2%, >100,000: 7.7%). The average number of smokers living in a 

smoker household with infants was 1.4.  

Bivariate analysis  

Results from bivariate analyses (Table 2) indicate that presence of heavy SHS is significantly 

associated with parents’ younger age, lower education level, not employed, currently smoking, and higher 

smoking intensity (all p < 0.01). Heavy SHS was significantly higher among non-first-born children than 

first born children (p<0.01).  

[INSERT TABLE 2] 

Household characteristics such as lower family income, smoking parents, and more smokers in the 

household were found to be significantly associated with heavy SHS exposure (all p<0.01).   

Multivariate analysis  

The results from multivariate logistic regression (Table 3) indicate that among all of the 18-month 

infants, the presence of a smoker in the household increased the likelihood for them to be exposed to heavy 

SHS. The more smokers present in the household, the more likely they are to be exposed to heavy SHS. 

The older the mother is, the less likely child is to be exposed to heavy SHS. The higher the father and 
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mother's educational status is, the less likely the child is to be exposed to heavy SHS. Being a first born 

child is associated with decreased likelihood of heavy SHS exposure.  

[INSERT TABLE 3] 

After dividing the infants into those living in smoker versus nonsmoker households, parental 

characteristics such as age of mother and education of father and mother are significantly associated with 

the heavy early childhood SHS exposure for those living in smoker households but not among those living 

in nonsmoker households. We found that among children living in smoker households, the older their 

mother is and the higher their father or mother’s education is, the less likely the child is to be exposed to 

heavy SHS. Among infants living in a smoker household, the subgroup of infants having both smoker 

parents have significant higher likelihood to be exposed to heavy SHS compared to their counterparts. The 

mother's employment status was found to be significantly associated with increased SHS exposure for 

infants in a smoker household but decreased SHS exposure for infants in nonsmoker households. Being a 

first born child was found to be associated with decreased likelihood of SHS exposure for infants living in 

either a nonsmoker or smoker household. 

DISCUSSION  

To our knowledge, this is the first study using a birth cohort data and investigating SHS exposure in 

utero and among young children at different ages under 5 years old. This study uses a unique dataset, the 

Taiwan Birth Cohort Survey (TBCS) data, which randomly selected newborns from among all live births 

in 2005, and tracks SHS exposure in utero and when the children were 18 months, 36 months, and 66 

months old.  
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Our results indicate that among the 18-month-old infants, 61.8% of them lived in a household with at 

least one smoker, with the father being the smoker in 84% of those households. This result confirms 

previous studies in East Asia indicating that most childhood SHS may come from the father and other 

household members, whereas 76% of infants living in a smoker household have father being the only 

smoker, and 14% have other family member and 0.7% have mother being the only smoker [7,21] These 

results indicate the urgent need to keep homes smoke-free to protect children from SHS exposure. Indeed, 

banning smoking in the home is found to be associated with a significant reduction in urinary cotinine to 

creatinine ratio in infants.[22-25] However, smoking restrictions in homes are not mandated by legal 

regulations, and the voluntary restriction of smoking is usually rare. Efforts are needed to encourage 

Taiwanese families to adopt their own policy of restricting smoking in the home setting.  

Taiwan is similar to many other Asian countries in that the familial values are deeply influenced by 

Confucianism, with an expectation of respecting the elderly and males to maintain the patriarchal family. 

This philosophy of Confucianism and patriarchy embedded in Chinese familial values may cause married 

women and children to be hesitant to change the smoking behavior of their male household members or to 

ask male smokers to smoke outside of the home.[26,27] Therefore, in addition to providing women with 

advice and information about the harms of SHS exposure, their husbands, partners and other household 

members should be informed with the risks of such exposure on pregnant women as well as children. Most 

importantly, smoking cessation support should be provided to increase the quit rates which ultimately would 

reduce SHS exposure.[28]  

Previous studies have indicated that smoke-free legislation in public places can spill over to the home 

setting through creating a norm of not smoking around nonsmokers.[16,29-32] Indeed, a few studies found 

Page 13 of 73

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-014016 on 3 July 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

14 

that the comprehensive smoke-free laws enacted in 2009 in Taiwan reduced adult nonsmokers' SHS 

exposure in the home and even increased smoking cessation.[11,14] The enforcement of smoke-free 

environments in many public places may further reduce women and children's SHS exposure at home. In 

our study, we found that the SHS exposure declined significantly from 12.1% when the children were 36 

month olds in 2008 to 9.5% when the children were 66 month olds in 2010-2011. The decreasing patterns 

were similar when the sample was divided into those who live in smoker versus nonsmoker households. 

Part of the decrease may result from the implementation of comprehensive smoke-free laws in 2009. 

Future studies may use the TBCS data to investigate the effect of comprehensive smoke-free laws on 

children’s SHS exposure by comparing the exposure between pre- and post- comprehensive smoke-free 

laws, controlling for environmental factors and household characteristics.  

Our results indicated that the firstborn children are significantly less likely to be exposed to heavy SHS 

than later-borns are. This finding confirms previous studies indicating that firstborn children tend to 

receive higher quality care in social, affectionate, and caretaking activities during early childhood than 

later borns do.[33-35] In addition, the finding of the high in-utero SHS exposure indicates a serious lack of 

knowledge on and social protection from the harms of SHS exposure during pregnancy, leading pregnant 

women continually being exposed to SHS.[36-38] 

Our results indicated that several factors are significantly associated with heavy early childhood SHS 

exposure, which allows the specific groups to be targeted by interventions to be identified, for example 

households with smokers, households with more than one smoker, both parents smoke, parents with lower 

educational attainment, mothers of younger age, and non-first-born children. More educational 
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interventions and resources need to be aimed at these target groups to reduce early childhood SHS 

exposure from their household smokers through education about the health risks from SHS exposure.  

A potential limitation this study has is that parents or primary caregivers may underreport infant’s SHS 

due to lack of awareness or social desirability bias. Nevertheless, in our sample, 55.2% of primary 

caregivers indicated that their children were exposed to SHS, and this prevalence is higher than previously 

found in Taiwan.[10,13] Another concern regarding systematic bias in childhood SHS exposure may arise 

if underreporting occurs in a certain demographic or socioeconomic subgroup and not others. However, a 

study using multiple SHS exposure measures, both self-reporting and serum cotinine level, indicated that 

exposure patterns by demographic characteristics were similar among those two measures.[39] 

CONCLUSIONS  

This study investigated the early childhood SHS exposure among 18-month-old infants, a subgroup of 

young children spending most of their time at home and most likely to be exposed to household SHS 

through their household members. The results indicate that most early childhood SHS comes from the father 

and other household members, whereas the smoking rate for women in this study setting is very low. 

Encouraging families to maintain a smoke-free home environment, empowering women to ensure their 

perspectives and rights are embedded into tobacco control efforts, and educating families about the health 

risks from childhood SHS exposure, especially among children living in households with smokers, will 

protect nonsmoking women and their children from SHS exposure.  
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Figure 1. Prevalence of early childhood SHS exposure in-utero and afterbith in smoker and non-smoker 

households. The proportion of young children who were exposed to heavy SHS declined significantly after 

birth. The percentage of children exposed to heavy SHS is consistently higher for those living in smoker 

households than for those living in nonsmoker households. 

  

Page 22 of 73

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-014016 on 3 July 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

23 

Table 1 Baseline summary descriptive data (measured when the children were 18 months old), N(% and mean±SD) 

Variables Number of 
Observations 

All 
households Nonsmoker households Smoker households 

Total 18845     (100.0) 7130 (100.0) 11651 (100.0) 
Parent's characteristics         
Father’s age (years) 18845  (36.5±13.8) 7130 (35.7±9.1) 11651 (36.9±15.6) 

    <25 475  (2.5) 53 (0.7) 419 (3.6) 
    25-29 3440  (18.3) 858 (12.0) 2574 (22.1) 
    30-34 6592  (35.0) 2729 (38.3) 3859 (33.1) 
    >=35 8338  (44.2) 3490 (49.0) 4799 (41.2) 
Mother’s age (years) 18845  (29.9±4.8) 7130 31.4±4.3) 11651 (28.9±4.9) 

    <25 2707  (14.4) 409 (5.7) 2283 (19.6) 
    25-29 6117  (32.4) 1848 (25.9) 4251 (36.5) 
    30-34 6760  (35.9) 3236 (45.4) 3510 (30.1) 
    >=35 3261  (17.3) 1637 (23.0) 1607 (13.8) 
Father’s education level       

    Junior high or below 2500  (13.3) 409 (5.7) 2079 (17.8) 
    Senior high 7454  (39.6) 1772 (24.9) 5664 (48.6) 
    Junior college 4134  (21.9) 1790 (25.1) 2332 (20.0) 
    College and above 4623  (24.5) 3140 (44.0) 1479 (12.7) 
    Missing 134  (0.7) 19 (0.3) 97 (0.8) 
Mother’s education level        

    Junior high or below 2637  (14.0) 521 (7.3) 2103 (18.1) 
    Senior high 7526  (39.9) 1927 (27.0)  5571 (47.8) 
    Junior college 4797  (25.5) 2147 (30.1) 2638 (22.6) 
    College and above 3852  (20.4) 2527 (35.5) 1314 (11.3) 
    Missing 33  (0.2) 8 (0.1) 25 (0.2) 
Parents’ employment status        
  Father employed 18053  (95.8) 6969 (97.7) 11075 (95.1) 
    Missing 182  (1.0) 9 (0.1) 121 (0.6) 
  Mother employed 11475  (60.9) 4698 (65.9) 6733 (57.8) 
    Missing 108  (0.6) 9 (0.1) 92 (0.5) 
Parents’ smoking status        
  Only father smokes 8854  (47.0) 0 (0.0) 8854 (76.0) 
  Only mother smokes 87  (0.4) 0 (0.0) 87 (0.7) 
  Both parents smoke 923  (4.9) 0 (0.0) 923 (7.9) 
  None of them smoke 8760  (46.5) 7130 (100.0) 1630 (14.0) 

Missing 221  (1.2) 0 (0.0) 157 (1.4) 
Parents’ smoking intensity 

(smokers) 
       

  Father’s cigarettes per day  9782  (15.2±9.5)  0 - 9782 (15.2±9.4)  
  Mother’s cigarettes per day  1052  (9.3±6.8) 0 - 1052 (9.3±6.8) 

Children's characteristics        
Child being a boy 9912  (52.6) 3765 (52.8) 6114 (52.5) 
First-born child         

Yes 9468  (50.2) 3579 (50.2) 5845 (50.2) 
No 9367  (49.7) 3551 (49.8) 5796 (49.7) 
Missing 10  (0.1) 0 (0.0) 10 (0.1) 

Children’s SHS exposure        
General SHS exposure        

    Never  8441  (44.8) 4439 (62.3) 3961 (34.0) 
    Ever  10401  (55.2) 2691 (37.7) 7690 (66.0) 

Missing 3  (0.0) 0 (0.0) 0 (0.0) 
SHS intensity*         
  Non-heavy SHS exposure 16659  (88.4) 6968 (97.7) 9632 (82.7) 
  Heavy SHS exposure 2183  (11.6) 162 (2.3) 2019 (17.3) 
  Missing 3  (0.0) 0 (0.0) 0 (0.0) 

Household characteristics        
Family income (NTD)        

<30,000 2195  (11.6) 449 (6.3) 1705 (14.6) 
30,000-100,000 14332  (76.1) 5319 (74.6) 8996 (77.2) 
>100,000 2249  (11.9) 1348 (18.9) 900 (7.7) 
Missing 69  (0.4) 14 (0.2) 50 (0.4) 

Number of smokers in the family 18821  (0.9±1.0) 7130 (0.0±0.0) 11628 (1.4±0.9) 

NTD, New Taiwan Dollars, 30 NTD≒1 USD; 40 NTD≒1 GBP 

*Heavy SHS: mother reported “often” or “every day” to the question “How often is your baby exposed to 

secondhand smoke?”; non-heavy SHS: “never” or "occasionally" to that question.   
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Table 2 Early childhood SHS exposure by household, parental, and children’s characteristics, N(%)  
Characteristics Total (n) Non-heavy SHS Heavy SHS p-value 
Total 18845 16659 (88.4) 2183 (11.6)   
Parent's characteristics           
Father’s age (years)         <.0001 

    <25 475 373 (78.5) 102 (21.5)   
    25-29 3440 2939 (85.4) 501 (14.6)   
    30-34 6592 5909 (89.6) 683 (10.4)   
    >=35 8338 7438 (89.2) 897 (10.8)   
Mother’s age (years)       <.0001 

    <25 2707 2171 (80.2) 535 (19.8)   
    25-29 6117 5281 (86.3) 835 (13.7)   
    30-34 6760 6195 (91.6) 564 (8.3)   
    >=35 3261 3012 (92.4) 249 (7.6)   
Father’s education level         <.0001 

    Junior high or below 2500 1934 (77.4) 564 (22.6)   
    Senior high 7454 6337 (85.0) 1117 (15.0)   
    Junior college 4134 3808 (92.1) 325 (7.9)   
    College and above 4623 4469 (96.7) 154 (3.3)   
Mother’s education level       <.0001 

    Junior high or below 2637 2076 (78.7) 559 (21.2)   
    Senior high 7526 6442 (85.6) 1083 (14.4)   
    Junior college 4797 4422 (92.2) 375 (7.8)   
    College and above 3852 3689 (95.8) 163 (4.2)   
Parents’ employment status         
  Father employed 18053 16007 (88.7) 2045 (11.3) <.0001 
  Father not employed  610 503 (82.5) 107 (17.5)   
  Mother employed 11475 10337 (90.1) 1137 (9.9) <.0001 
  Mother not employed  7262 6240 (85.9) 1022 (14.1)   
Parents’ smoking status       <.0001 
  Only father smokes 8854 7404 (83.6) 1450 (16.4)   
  Only mother smokes 87 75 (86.2) 12 (13.8)   
  Both parents smoke 923 638 (69.1) 285 (30.9)   
  None of them smoke 8760 8364 (95.5) 396 (4.5)   
Heavy smoker          
  Father 4506 3351 (74.4) 1155 (25.6) <.0001 
  Mother 162 80 (49.4) 82 (50.6) <.0001 

Children's characteristics          
Gender          

Boy 9912 8733 (88.1) 1177 (11.9) 0.189 
Girl 8932 7926 (88.7) 1006 11.3)   

Birth order         
First-born child  9468 8491 (89.7) 976 (10.3) <.0001 
Non-first-born child 9365 8158 (87.1) 1207 (12.9)   

Household characteristics         
Family income (NTD)       <.0001 

<30,000 2195 1781 (81.1) 414 (18.9)   
30,000-100,000 14332 12694 (88.6) 1637 (11.4)   
>100,000 2249 2132 (94.8) 117 (5.2)   

Any smoker present in the 
household 

      <.0001 

No 7130 6968 (97.7) 162 (2.3)   
Yes 11651 9632 (82.7) 2019 (17.3)   

Number of smokers in the family       <.0001 
0 7790 7472 (95.9) 316 (4.1)   
1 7309 6463 (88.4) 846 (11.6)   
2 2513 1927 (76.7) 586 (23.3)   
>=3 1209 778 (64.4) 431 (35.6)   

NTD, New Taiwan Dollars, 30 NTD≒1 USD; 40 NTD≒1 GBP 
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Table 3 Risk factors for heavy SHS exposure for children in all, smoker, and non-smoker households  

  All households Smoker households Non-smoker households 

Characteristics    
Total    

Parent's characteristics    

Father’s age (years) (Ref: <25)    
    25-29 0.82 (0.63-1.07) 0.81 (0.62-1.06) 1.54 (0.19-12.45) 
    30-34 0.86 (0.66-1.13) 0.85 (0.65-1.12) 1.46 (0.18-11.86) 
    >=35 0.87 (0.66-1.14) 0.88 (0.67-1.16) 1.24 (0.15-10.15) 
Mother’s age (years) (Ref: <25)    

    25-29 0.96 (0.84-1.11) 0.98 (0.85-1.13) 0.99 (0.46-2.13) 
    30-34 0.84 (0.71-0.99)* 0.84 (0.71-1.00)* 0.93 (0.41-2.09) 
    >=35 0.76 (0.62-0.92)** 0.75 (0.60-0.92)** 0.97 (0.40-2.32) 
Father’s education level  

  (Ref: <=Junior high) 
   

    Senior high 0.77 (0.67-0.87)*** 0.75 (0.66-0.85)*** 2.04 (0.85-4.89) 
    Junior college 0.58 (0.48-0.69)*** 0.56 (0.47-0.67)*** 1.35 (0.54-3.41) 
    College and above 0.37 (0.29-0.48)*** 0.33 (0.25-0.43)*** 1.10 (0.42-2.86) 
Mother’s education level  

  (Ref: <=Junior high) 
   

    Senior high 0.80 (0.70-0.92)*** 0.80 (0.69-0.91)** 1.02 (0.48-2.14) 
    Junior college 0.72 (0.61-0.86)*** 0.67 (0.55-0.81)*** 1.40 (0.64-3.06) 
    College and above 0.80 (0.62-1.02) 0.84 (0.65-1.10) 0.83 (0.35-1.99) 
Parents’ employment status    
  Father employed (Ref: yes) 1.00 (0.78-1.29) 0.99 (0.76-1.29) 1.21 (0.42-3.49) 
  Mother employed (Ref: yes) 1.10 (0.99-1.21) 1.18 (1.06-1.32)** 0.46 (0.31-0.68)*** 
Parents’ smoking status  

(Ref: None of them smoke) 
   

    Only father smoke  0.87 (0.74-1.01)  
    Only mother smoke  0.63 (0.32-1.22)  
    Both parents smoke  1.62 (1.30-2.00)***  
Children's characteristics    
Child being a boy (Ref: Girl) 1.07 (0.97-1.18) 1.07 (0.96-1.18) 1.04 (0.76-1.43) 
First-born child (Ref: no) 0.73 (0.66-0.81)*** 0.74 (0.67-0.83)*** 0.62 (0.44-0.87)** 

Household characteristics    
Family income (NTD) (Ref: <30,000)    

30,000-100,000 0.97 (0.83-1.12) 0.98 (0.84-1.13) 0.88 (0.43-1.82) 
>100,000 0.88 (0.68-1.13) 0.88 (0.67-1.16) 0.77 (0.32-1.82) 

Any smoker present in the household  

(Ref: no) 
3.79 (3.03-4.73)***   

Number of smokers in the family 1.45 (1.38-1.53)*** 1.45 (1.38-1.53)***  

*p<0.05; **p<0.01;***p<0.001 

NTD, New Taiwan Dollars, 30 NTD≒1 USD; 40 NTD≒1 GBP 
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Figure 1. Prevalence of early childhood SHS exposure in-utero and afterbith in smoker and non-smoker 
households. The proportion of young children who were exposed to heavy SHS declined significantly after 
birth. The percentage of children exposed to heavy SHS is consistently higher for those living in smoker 

households than for those living in nonsmoker households.  
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C1b. Nb¾z���5~x>�JJ�Ptç�/�}�/�ûÍ�/å�ÎO�Î¥û 
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M1. 4ã/å�Ìn¥¾�8·  M5. '\�óó��,/å� 
M2. 4ã/å�
KÌó   M6. ZÎ 
M3. 8·Ì~�     M7. �Ó¥ãÎ>Á¥ 
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M1 C>>Á¥8· 
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C4. Nb¾z½Ã§÷í��ûÍ�/å�(Y>��â�û�÷��Hû"��� 

M1 �ÎÈô×��á   M54ã/å��þ£  
M2 =1Ý[        M6 �,���8·�§Ìí 
M3 ±Þóô��âZ   M7 IÜóõÛ"Ä 
M4 ���Ô~½    M8 �4(Nj@)_________________________ 

C5. Nbí�JJ�û���s¡�!�;¤��íÿ��tç�/�}�/�ûÍ�/å���¥
»8ô��ï�Oå��6Î�û 

M1  Ì� 5¯á M4  2ät�H 3äá 
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C6. Nb¾��H@\çí�tç�/�}�/�ûÍ�/å���;:Mû 
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C7. Nb¾���í�tç�/�}�/�ûÍ�/å��æ��ú�÷��Hû"��� 

M1 O8·Þ³ó  M6 �ÎÈ 

M2 P��¥»8  M7 IÜþÅA�üÄ  

M3 ©¾��ï<ó  M8 8·P;ÿP 

M4 =1Ý[   M9 �48·Ìíô¾�»8Q0³�hí£Ý 

M5����Ô�x� M10 �4(Nj@)________________________ 

C8. Nb¾z³í��;:Môù¾(JJ�00���)på�w(µ�æ��ú�÷��Hû"
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M1 c¾Q0ü�¢d�:Ú>:�c    M5 ��Q0øU�"¥8·�c 
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C10. i¾�U>ô£Ý¾JJ�4ã/å�ôs¡Õ��Ô��s¡£Ýs�ä�0 �»8��
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M1 �� M3 �� M5 Ö�0¢ 
M2 �� M4 d� M6 Ì.q 

C11. i¾��ô£Ý¾JJ�4ã/å��Ì��tòþ£�å�þ£û  

M 1 � M2 �� M3 Ì.q 
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 D. þþ�'C�S 

D1. Nb¾(JJ00)\çË���çïJJÞ�jû 

M0��   M1� �ûW D2� 

 

 

 

D2. Nb¾�û���ïJJÞ$jõ2j��4jÙ�û 

M0 ���ûW D3� M1 �  

 

 

 

 

 

 

 

 

 

 

 

  

 

D2a. Nb�,>�W��$j�2j��ljÙ�û  

M1ò$j  M4ì�b 

M2ò2j  M52j£ 

M3 ût}j£     M6�4 ______________ 

D2b. Nb¾�JJï¤���ºÞs�jÙ�û 

M1�¼ 1�0   M3�¼ 3t5� 

M2�¼ 1t2�     M4�ú�s/�úÞ 

D2c. NbJJ�û���çÞ~ÝxõOf�]8j£û 

M 0 ���ûW D3�       M1 �      

D2d. Nb�Ì�³'�x¾�JJ>ÞVWÜò�]8 
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M0 Ì��ûW D3�       M1 � 

                           

D1a. Nb¾(JJ00)çJJíµ�¹Ä6�ï4�ô�Þ�jû   
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D2d1. NbJJ�ûÞW�]8j£û 

     M1 exõJ�>j£ 

     M2 exõÄ�>j£ 

     M3 ��j£(óD��) 
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D3. NbJJ�û���Þ Èíd�*�g�?ï¤���ºÞs�«û 

g��* 0.µpÌÞ 
1.�¼ 1�0 

�PÿÞ 
2.�¼ 1t2� 3.�¼ 3t5� 

4.�ú� 

s/�úÞ 

1 :* 0 1 2 3 4 

2 �õ:;Gò* 0 1 2 3 4 

3D*�D*Ù� 0 1 2 3 4 

4È* 0 1 2 3 4 

5 Öü%³* 0 1 2 3 4 

6 +|* 0 1 2 3 4 

7 �@* 0 1 2 3 4 

D4. NbxP��ãô¾z���OJJÞ<¦6:Êû 

 M0 � 

 M1 � 

  

 

 

 

D5. JJ�û����ü�jOû 

        M0µp��Þ �ûW D6� 

 M10û�Þô\çÂ�Þ    

 

 

  

 

M2�û�Þ 

 

D5a. NbJJíµ�¹Ä6��ü�jOû

_________�� ________��µ 

D5b. WJJ���ï6���pû  

M1 ��  M3 =6�  

M2 Pÿ�  M4 �úÿ� 

�ûW D6� 

D5c. NbJJ�ü�jO�ÎW�ú  

M1 �úÿ� M2 =6� M3 ÂöPÿ� 
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M1 �Ý¢�¨  M4 �wí{u 

M2 �7h          M5 �4(Nå4) 
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D6. Nb�ûJJ�úu��ÔôEt�úõ�¢tÅµ
us»�û 

µ
_________»� 

D7. �ûJJs¤�¢uz�ôJJ
Ôã���)À«û 

M1 ¹Ä��)À M2 �>ç)À �õ¹)� M3 �4Ý)À  

D8. JJ�û�u��
ô���O¾(,>£Ý£)÷���û 

M1 Ú¤��  M2 �d�� M3 Ìü��� M4 ¹Ä���� 

 

D9. NbJJ�ûs¡�úî����Ôµ
í¦û�Etîµy¥õyw;ÿ�ù6JJçå

���;�,î����Ô¨>�çã�ú
UUUU»�UUUUé� 

D10. JJ�ûèá�
��úèá��õ�ús�õË�súÉèá��? 

M1 �úèá�� 

M2 �úèá_____��Ósó×1�Ç)�� 

M3  ____úÉèá���Ósó�1U�Ç�)S1�� 

D11. xP��ãôJJ��¸öâÁÇà6Pît�û 

M0 �    M1 �  

 

 

 

 

 

 

 

D12. xP��ãôJJ��¸öâÁ��6Pît�û 

M0 �    M1 �  

 

 

 

 

 

 

 

D11a.xP��ãôtÅPîxs�? 

     M1 �� 

M2 �� 

M3 �����0¢ 

D12a.xP��ãôtÅPîxs�? 

     M1 �� 

M2 �� 

M3�����0¢ 

 

D12b.(DY�W����ôµ
m»sú?  
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E. þþ�m¿�9³ÈÉ 

E1. í�JJ\çÂö
��J�ôþO6Bô¾áÁ4/ô�<¨�i�Póõóõ¯ïõÌ

üóôË�PÌóû 

M1 Pó M2 ó M3 ¯ï M4 Ìüó  M5 PÌó 

E2. þO6Bô¾áÁ4/ôóÌó¥û�Pó¥õó¥õ¯ïõÌüó¥ôË�PÌó¥û 

M1 Pó¥ M2 ó¥ M3 ¯ï M4 Ìüó¥   M5 PÌó¥ 

E3. xP��ã�6��� 18��ÐÔ�ôJJ��¸'�x ÈÚ����pqû��
jW

 Ä��èopô)(�)@èopôMN»bÄÍ×» P�b��ö 

op�q� 

E3.»JJ��¸

ö�í�pq� 

E3a.í�pq

���öxt

���/oM� 

E3b.�¦-¬����÷��� 

0��

�ûW�

��Í

Ï� 

1� 

 

0�� 

 

1� 

 

1. '(B�op 0 1 0 1 

M1 \¿pB�    

M2 Í8y 

M3 ¤y 

M4 �
;�y 

M5¿�q         M6 «� 

M7 ¢¥�pB� 

M8 g2�'y 

M9�4(Nå4)____________ 

2. 	�op 0 1 0 1 

M1 	º�   

M2 	�y 

M3�4(Nå4)____________ 

3. �%p� 

  �%xõp 
0 1 0 1 

M1 fO��%y 

M2 p¥v    M3 �%H�æ 

M4�4(Nå4)____________ 

4. "1 0 1 0 1 

M1 Bª'(�"1 

M2 �"y/�y 

M3 \ï(�@���pâ) 

M4 �4(Nå4)_____________ 
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5. ��p 0 1 0 1 

M1 Ãú���p 

M2 �SÌþ 

M3 �4(Nå4)_____________ 

�2éí@�  M1 JJÚ�b}�ûW E4�  M2 JJ��b} 

op�q� 

E3.»JJ��¸

ö�í�pq� 

E3a.í�pq

���öxt

���/oM� 

E3b.�¦-¬����÷��� 

6. �b}ì"op 0 1 0 1 

M1 ��"pB 

M2 ��¤o 

M3 �ýop(���Äô��..) 

M4 ¯��	y 

M5�4(Nå4)_____________ 

E4. NbJJ���&YµþpLû 

M0 � M1 ��ÓC�Í��ô____________________ 

E5. ½JJJOÌd:�ôï¤¾n�×¥4Pît�ô��>Á£Ý4û    

M1 �×Pît�  M4 Ì�Ó 

M2 >Á£Ý   M5 �4(Nå4)____________ 

M3 Ì[l 

E6. xP��ãô½JJ>ît����ô¾z��°Ó¥4�ô���Ît#���û 

    �÷��� 

 M0 ��ûW E7�  M1 �ô°Ó�t#     M2 �ô°Ó��� 

  

E6a.�W�Ît#? 

________\q________Â|qT 

___________________ t# 

E6b.¾¥JJµÎ9�í�t#î

t�ô¬ï¢ï¤!>¸íÿ

�Ôû 

_________»�_________é� 

 E6c.�W�Î��? 

________\q________Â|qT 

___________________ �� 

E6d.¾¥JJµÎ9�í���î

t�ô¬ï¢ï¤!>¸íÿ

�Ôû 

_________»�_________é� 
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E7. JJçVÃ�|o�6��� 18��ÐÔ�ô��¸öàxZ�� 

M0 �  M1 �  E7a. Z�s��___________� 
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E8. JJçVÃ�|o�6��� 18��ÐÔ�ô��¸öPx#� 

M0 ��ûW E9�  M1 � 

 

 

 

 

 

 

 

 

 

 

 

 

E9. JJçVÃ�|o�6��� 18��ÐÔ�ô��¸×�x¡Hû 

M0 ��ûW E10� M1 � 

 

 

 

 

 

E8a. ÅP#s�û  _____________� 

E8b. �Ù6�â� 

E8c. �4/ôíµ�����)P#¬x��ôNLb¦�Ù�)����

)P#�i�ö 

 E8b. P#�â E8c. P#�� 

(È�� __________________  ______��_______�� 

Æ¢�� ___________________  ______��_______�� 

Æ¢¢�� ___________________  ______��_______�� 

E8d. JJ��¸â�Ì6P#û 

M0 �         M1 � 

E9a. NbJJ×�¡H��âÁVû�÷��� 

 M1 �Ì    M4 fþ@H 

 M2 �Hp   M5 �4Ãú�æH  

 M3 æÍG æH M6 �4(Nå4)____________ö 
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E10. JJçVÃ�|o�6��� 18��ÐÔ�ô��¸öâÁ³y��4czþÍ6P­

ß³3ÃJ�«ûÍtõKtõoÌÔõ×.�ÿ�ö 

M0 ��ûW E11�    M1 � 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

E11.þO6BôJJîp�P#ÿ>¸²ôù¾z(JJ�00��)påôí��çÛ£YÌ      

   Yû 

M1 ø�Ú¤Y M3¯ï M4 Ìü�ø� 

M2��úY  M5 ¹Ä��ø� 

E10a. xP��ãôtÅ'�xs�czþÍô`*��tM#�À[�   

«?  �__________� 

 

 

 

 

 

 

 

E10b. �Í�s�Wjû M0 ��ûW E11�   M1�ôÅ______� 

E10b1.W�âÁ¬�czþÍ* 6Wjû�÷��� 

 M1 ³y\�   M7 Ô�¨ø 

 M2 ¬ïcz   M8 »��õg�õf�Ð�� 

 M3 þs��*þ  M9 �� 

 M4 (-þ    M10 ägð�õ.ÅÊõ ]Ê 

 M5 �O����  M11 �4(Nå4)______________ 

 M6 O��þìþ£þ  

E10b1.W�âÁ¬�czþÍ* 68³JjHÀ[�û�÷��� 

 M1 ³y\�   M7 Ô�¨ø 

 M2 ¬ïcz   M8 »��õg�õf�Ð�� 

 M3 þs��*þ  M9 �� 

 M4 (-þ    M10 ägð�õ.ÅÊõ ]Ê     

M5 �O����  M11 �4(Nå4)______________ 
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F. >Õ²�íd�S��çÛ£ 

F1. Nb¾�JJ���VÃ�|���çÀbû���ÿ�ôµý½�Ô�ô
J��Ô�ô

»ý½�Ô�ô���ÿ��çÀbû 

M1 ��ÿ�             M3
J��Ô�        M4 »ý½�Ô� 

M2µý½�Ô�                                 M5��ÿ�� 

  
F2. Nb¾�JJ����û���çÀbû 

M0 ���ûW F3�     M1 � 

 
 

   

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F2a.¾�JJ����û,>Àb�æ��:Ù6�û(pæYõ�"�cp��f) 

Ipú                                       

F2b. ¾�JJ���çW9�üºÙ6Àb�MOû(NA�öµ�O�U)ú 

    Mpú                                              

F2c.¾�JJ���,>Àb�Jé�ú 

M1 �yì¿�£ M4 ><bp£( �©À) 

M2 �/�¿�£ M5 ä,( �©À) 

M3 ��Î¦Àb£ 

F2d. ¾�JJ���,>Àb�æ��íÿ©Àû 

 M1 ÿ- 30�  M2  30�0¢ 

F2e. ¾�JJ���s¡�¼¢dsú?�ú¢d�Ôs»�û�EtCd÷���
áÀb� 

�¼        úù�ú UUUU»��{�¼s¡Àb______»�� 

F2f. ¾�JJ����Àb�Ô�ú 

 M1 �ú   M3 �úõ�¢z¬ 

 M2 �¢   M4 �úõ�¢ÿÀb 

F2g. ¾�JJ���ÕÌÕ@(¾í½,>MO�Àb�å�õPÙÓ)û 

 M1 PÕ@   M3 ÌÕ@ 

 M2 Õ@   M4 PÌÕ@ 
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F3. Nb¾�JJ������C�æå�.måû 

 M0 �    M3 må  M6 Uå 

 M1 æå    M4 Hå 
 M2 .å   M5 }å 

F4. Nb¾�JJ������C�Ä�<åû 

 M0 ��   M1 � 

F5. �2éí@� M1 JJ���û�Àb�ûW F6� 

     M2JJ���û�Àbô`�¼s¡Àb�§e- 35»��ûW F6�  

     M3nM6��ûW F6� 

     M4JJ���û��Àb      

 

 

 

 

 

 

 

 

 

F2h. ¾�JJ����,>Àb���ú  

M1 °Ó�W��w��¶Ú�°ÓCO� 
M2 °Óí�C¢n�ÛÎõ�s�Cd¤  
M3 �í�ôj¹@��j�@� 
M4 �4(Nå4)__________     ____  

F2i. ¾�JJ���z³�û�Àbø�ù¾påYÌYû 

M1 Ú¤Y M3¯ï M4 Ìü�ø� 

M2 �úY  M5 ¹Ä��ø� 

F2j. ¾�JJ���z³�û�ÀbnÌnyÜ¾£Ý»8û 

M1 µpÌn      M3 ��n          M4 ¤¤n 
M2 Pÿn                        M5 ��ÿn 

F2k.Nb¾�JJ���Àb�æ����¥ãb;û 

M0 ��          M1� 

F5a. ¾�JJ����û��Àb�,>�â�Ù6«û 

  M1 ��i��Àb         M6 �ÀbÈ� 

 M2 â�         M7 �4�â�å4�â�__________ 

 M3 Á£ÝJJ6âÀb�Þ  

    M4 Ñï��¼º��¶põ©�6À  

M5 hp�ÈÀbõCÀbõØ�Æä�Àb�  
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F6. NbJJ ��û�çÀb�û  

M0 ���ûW F7�     M1 � 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

F7. Nb¾�JJ �����C�æå�.måû 

 M0. �    M3. må  M6 Uå 

 M1. æå    M4. Hå 
 M2. .å   M5. }å 

F8. Nb¾�JJ �����C�Ä�<åû 

 M0. ��   M1. � 

F6a. JJ ��û,>Àb�æ��:Ù6�û(pæYõ�"�cp��f) 

    Ipú                                       

F6b. JJ �çW9�üºÙ6Àb�MOû(NA�öµ�O�U)ú 

    Mpú                                             

F6c. JJ �,>Àb�Jé�ú 

M1 �yì¿�£ M4 ><bp£( �©À) 

M2 �/�¿�£ M5 ä,( �©À) 

M3 ��Î¦Àb£ 

F6d.  JJ �,>Àb�æ��íÿ©Àû 

M1 ÿ- 30� M2  30�0¢ 

F6e. JJ �s¡�¼¢dsú?�ú¢d�Ôs»�û�EtCd÷���áÀ

b��¼_________úù�ú UU»��{�¼s¡Àb______»�� 

F6f.  JJ ��Àb�Ô�ú 

 M1 �ú   M3 �úõ�¢z¬ 

 M2 �¢   M4 �úõ�¢ÿÀb 

F6g. JJ ��,>Àb���ú 

M1 °Ó�W��w��¶Ú�°ÓCO� 
M2 °Óí�C¢n�ÛÎõ�s�Cd¤  
M3 �í�ôj¹@��j�@� 
M4 �4(Nå4)_______ _______ UUUU 
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F9. �2éí@� M1 JJ ��û�Àb�ûW F10� 

     M2JJ ��û�Àbô`�¼s¡Àb�§e- 35»��ûW F10�  

     M3nM6��ûW F10� 

     M4JJ ��û��Àb      

 

 

 

 

F10. NbczûÀu��JJ���00��Ù�|s¡������ôµ
�íÿú 

M1  Ì� 1äá        M6  7äát�H 10äá 

M2  1ät�H 2äá   M7  10äát�H 15äá 

M3  2äát�H 3äá   M8  15äát�H 20äá 

M4  3äát�H 5äá   M9  20äá0¢ 

M5  5äát�H 7äá         

F11. ¾�z�£Ýí�t}���¸¤�E�å�¶�;¤õïgõJ�¿r��÷tM;¤��

��µ
íÿû                á 

F12. i¾zûÀu��JJ���00����6Bô¾z³£Ýí�t}�!>�¸¤ôù¾

zpå�çÛ£YÌYû 

M1 Ú¤Y M3¯ï M4 Ìü�ø� 

M2 �úY  M5 ¹Ä��ø� 

F13. þO6Bô¾z³�û¾zÎ�JJ���00���çÛ£YÌYû 

M1 Ú¤Y M3¯ï M4 Ìü�ø� 

M2 �úY  M5 ¹Ä��ø� 

F9a. JJ ��û��Àb�,>�â�Ù6«û 

M1 â�                 M6 hp�ÈÀbõCÀbõØ�Æä�Àb� 

 M2 Á�£ÝJJ6âÀb�Þ  M7 �ÀbÈ� 

 M3 :Ð��MnÐ�    M8 ��i��Àb 

 M4 �¶�       M9 �4�â�å4�â�__________ 

 M5 Ñï��¼º��¶põ©�6À 
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G. >Õ²�m¿�'C�S 

G1. ¾(JJ��)z³>ÁöU�<¨�iõVû 

M1 Pó M2 ó M3 ¯ï M4 Ìüó M5 PÌó 

G2. ��|UÜ��ô¾(JJ��)z³>Á\ç�<¨ÃÎ��hóõáÌíõË��háû 

M1 �hó            M2 áÌí               M3 �há 

G3. ¾(JJ��)z³¾Ã�(JJ �)öU�<¨�iõVû  

M1 Pó M2 ó M3 ¯ï M4 Ìüó M5 PÌó  

G4. ��|UÜ��ô¾(JJ��)z³¾Ã�(JJ �)\ç�<¨ÃÎ��hóõáÌíõË

��háû 

M1 �hó            M2 áÌí               M3 �há 

G5. ¾(JJ��)öU�OYíÿû _____æ�ôJJ� �öUOYíÿû___U_æ� 

G6~G8. × pCNò�"¾�JJ���©JJ ��<¨�i©(ÈitÃiö 

G6~G8 

a.JJ�� 
 

NA�å4 
 

b.JJ � 
 

NA�å4 
 

0 
� 
� 

1 
� 

0 
� 
� 

1 
� 

G6.���Yµþp
Lû  

0 1 
pÜ____________ 

0 1 
pÜ____________ 

G7.���J��Ö�
=� 0 1 

Ü�¶6&ú 

(1)_____________ 

(2)_____________ 

0 1 

Ü�¶6&ú 

(1)_____________  

(2)_____________  

G8.VÃ�|é��P

x#û 
0 1 _______� 0 1 _______� 

G9. Nb¾�JJ���©JJ ��û���nO�
ô���8�õEg�o�ÃÎô0÷

�úî����Ôµ
�í¦û�SÝÚk7����/SÝô`s�ÐÀbõÎc;Ì�

�nO� 

� ² � 
 
G9a. JJ�� G9b. JJ � 

0 �� 1� 0�� 1� 

1. nO�
 0 1 0 1 

2. 8� 0 1 0 1 

3. Þ�o 0 1 0 1 

4. s¡�úî���Ô 
_______»�_______é� 
_______»�_______é� 
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G10. Nb¾�JJ��������xhû 

    M0���x 

M1ûËB�xs�6Â                                       �ûW G11� 

    M2��xôµ0û�\ç���¬x 5E�100
�h 

M3��xôµ0û�\ç��¬x 5E�100
�h  

 

 

 

 

 

 

 

G11. NbJJ ������xhû 

    M0���x 

M1ûËB�xs�6Â                                       �ûW G12� 

    M2��xôµ0û�\ç���¬x 5E�100
�h 

M3��xôµ0û�\ç��¬x 5E�100
�h  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

G10a. Nb¾�JJ���VÃ���o����h? 

M1 (s/)�ú�           G10a_1.s¡�ú�h           
 

M2 =_�                G10a_2s¡���µw�h          
 

M3ÂöÙh              G10a_3.Ùhí¦�? Ù�     �     �� 

G11a. NbJJ �VÃ���o����h? 

M1 (s/)�ú�           G11a_1.s¡�ú�h           
 

M2 =_�                G11a_2s¡���µw�h          
 

M3ÂöÙh              G11a_3.Ùhí¦�? Ù�     �     �� 
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G13. Î9(�JJ� ��0fôË�����hû 

     M0���ûW G15�    M1 �    

 

 

 

 

 

 

 

G14. JJ@�Uô4(ô) ���ú�ö¤õ�=6õ�¹ÄÌn����hû 

M1 �ún M2 ö¤n M3 =6n  M4 ¹ÄÌn 

G13a. EtJJ� ��ôÎ9Å�s���hû 

                   _______ ��h   

G13b. �Í�(íh��ô�ús¡�íÿhû 

M1 JE0   M2 JE?�E M3 �E0¢ 
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G15. �2éí@� Î1 �Öù��JJ�� 

  Î2 �Öù�Ì�JJ���ûW G21� 

JG16. × pôÚnb��d¾(JJ��)©Î�(JJÎå) �ìÀÃÎôN¾iô�Ãipã

@�(Î�)�p¶¾Pç���Î�����UU~Ó10�wi�b\� 

 

 

 

 

 

 

 

 

J

G17.  ¾(JJ��) ù¾�û�b�äÊz³HÌH@û 

M1 Ú¤H@ M3¯ï M4 ÌH@ 

M2 H@  M5 Ú¤ÌH@ 

JG18.  xP��pôÁ�>£Ýí�JJô¾(JJ��)z³J�Û£YÌYû 

M1 Ú¤Y M3¯ï M4 Ìü�ø� 

M2 �úY  M5 ¹Ä��ø� 

JG19.  xP��pôÁ�>£Ýí�JJô¾(JJ��)z³Ë�Û£YÌYû 

M1 Ú¤Y M3¯ï M4 Ìü�ø� 

M2 �úY  M5 ¹Ä��ø� 

JG20.  ¾(JJ��)z³xP��p£Ýí�JJôù¾�F¬'Cpåôø�YÌYû 

M1 Ú¤Y M3¯ï M4 Ìü�ø� 

M2 �úY  M5 ¹Ä��ø� 

 
�V 

�� 

�J 

!+ 

�@ 

!+ 

1. ½¾�v�$�ôQ0µÎ�³�H@��wö 1 2 3 

2. ¾PH@Î�¶¾øUÚ�cÃô0÷éüb����ö 1 2 3 

3. ½¾Æ�µce�²O�'Ö�ôÎ�ÿÈ×�*OÒ


mö 
1 2 3 

4. ¾PH@Î�ù¾ÄrÃB���ô0÷ù¾�Ã£(õ�

Wõ�þõD)�ø�ö 
1 2 3 

5. ¾PH@Î�¶¾ÅK�À���ö 1 2 3 
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G21. (�JJfô¾(JJ��)ÎÍ��Ë� 6 zí��»8!>¾£Ýû 

M0 �� M1 �ôË�____________� 

G22. ¾(JJ��)Î9���âÁ�p��4<¨b�ô6!>°�'(\����í�)£Ý�

�û  

M0 �� M1 �ô�______________� 
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H. >Õ²í|Ôw 

H1. × pôÚCNò�"¾�JJ���©¾Ã��JJ ���9��²IÜöhÃôNb

¾©¾Ã� ���@��½©(/â��Ù6û 

H1a. @��½ù 

   ��û�� 

1.JJ�  2.JJ�� 3.JJfæ 4.JJf� 

�o/û     �� 

ù��û      � 

�o/û     �� 

ù��û      � 

�o/û     �� 

ù��û      � 

�o/û     �� 

ù��û      � 

H1b. ò;3K 

M0 ����ò; M0 ����ò; M0 ����ò; M0 ����ò; 

M1 o» M1 o» M1 o» M1 o» 

M2 o(Ã)Í M2 o(Ã)Í M2 o(Ã)Í M2 o(Ã)Í 

M3 /Í(M) M3 /Í(M) M3 /Í(M) M3 /Í(M) 

M4 µ�÷0¢ M4 µ�÷0¢ M4 µ�÷0¢ M4 µ�÷0¢ 

 

H2. NbJJ�� �©f� �\ç�<¨ÃÎóÌóû�íú�©H�W~�©|���©

JS|i� 

ãf� � 

� û < ¨ Ã Î 

H2a_1~H2d_1. 

�«�½ 

��«�Ð�� 

1. 

Pó 

2. 

ó 

3. 

¯ï 

4. 

Ìüó 

5. 

PÌó 

6. 

Â�« 

 

H2a. JJ�  1 2 3 4 5 6 
�o_______��« 

ù�      ��«   

H2b. JJ�� 1 2 3 4 5 6 
�o_______��« 

ù�      ��«   

H2c. JJfæ 1 2 3 4 5 6 
�o_______��« 

ù�      ��«   

H2d. JJf� 1 2 3 4 5 6 
�o_______��« 

ù�      ��«   
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H3. NbJJ�� �©f� ���¸� È�döxt������opû 

 

o p Ü � 

a.JJ�  b.JJ�� c.JJfæ d.JJf� 

0 

���

Ì�p 

1 

� 

0 

��� 

Ì�p 

1 

� 

0 

���

Ì�p 

1 

� 

0 

���

Ì�p 

1 

� 

1. /Hø 0 1 0 1 0 1 0 1 

2. ��p 0 1 0 1 0 1 0 1 

3. Íe 0 1 0 1 0 1 0 1 

4. W¿p 0 1 0 1 0 1 0 1 

5. ;9 0 1 0 1 0 1 0 1 

6. xõ�7y 0 1 0 1 0 1 0 1 

7. fO��%y 0 1 0 1 0 1 0 1 

8. �Íl���p	Íl 0 1 0 1 0 1 0 1 

9. 7�op 0 1 0 1 0 1 0 1 

10. ]�p 0 1 0 1 0 1 0 1 

11. ��� 0 1 0 1 0 1 0 1 

12. Nq 0 1 0 1 0 1 0 1 

13. ·Ð|£op ¼ 0 1 ¼ 0 1 

 

H4. ¾�JJ���µ»�� í�JJ0ûô/ð���Ô�PçÂøË�ÿqûË��£


ÚJû 

M1 µýéPÂø M2 µýéPÿq M3 �£
ÚJ 

H5. JJ �µ»�� í�JJ0ûô/ð���Ô�PçÂøË�ÿqûË��£
ÚJû 

M1 µýéPÂø M2 µýéPÿq M3 �£
ÚJ 
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I.MW¸� 

I1. ¾áÁ�n¢µí§�ÿQ0Þºô��ù�Ë�»��ú�hóû 

M1í§�ÿQ0Þº  M2 �J�J  M3 Ë�»��ú�hó 

I2. ¾áÁ�n¢�Ó�ÿ+@�wq�ôË�íJ]�>Á�cû 

M1 ï¤+@�wq�  M2 �J�J  M3 íJ]�>Á�c 

�í B3 Tþþ>Õ²ÂúbHí��°�/°¾��þþ@@ÅÅöUW�8ÁWíþþ>Õ²

fúbD3êb�>²�Õ²V�EH�°�/°¾��þþ>Uç_�«UöUW�8ÁWí>

Õ²Oú�©��íÃ�HO�Þ/�/ð�J�W�8Á� 

I3. þO6Bô¾z³¾zP�í�æTô~Ì~Ý»8·�Ïû  

M1 Ú¤~Ý M3 ¯ï M4 Ìü~Ý 

M2 ~Ý   M5 Ú¤Ì~Ý  

I4. ¾��Õ@(ÚPçí�æT��ôµí§ÿ�v³Þº�)í�ådû 

M1 Ú¤Õ@  M3 �@@ M4 ÌÕ@ 

M2 Õ@   M5 Ú¤ÌÕ@  

I5. ¾��Õ@(ÚPçí�æT��ôµí§ÿ+@�wq�ô6Ìn]�>Á�c)í�å

dû 

M1 Ú¤Õ@  M3 �@@ M4 ÌÕ@ 

M2 Õ@   M5 Ú¤ÌÕ@  

I6. ¾z�û�Pû* �ú 

M1s
  M3 ��
æeµ: M5  �Ý#      

M2øú� M4 �
æeµ: M6  �4_____________ 

I7. ¾z\ÚPÎ�;ã�ÔíµûtÅ _________³ö 

I8. ¾z\ÚPÎ�;ã�ÔÕÄ�sÔ
Ô©sºANû�<zõs
õÓzÌ�çãô`:

Á4��
ÔoõúïR;õ�
>�çã�ú 

          Å�_________ Ô
ÔôÄºAN________ÔôJºAN________Ô 

I9. Nbcz�ûÚP�íÔ
·���þ�¦-T�û 

M1 ûÀ>� M3 �P��°� M4�� 

M2 �¦>� M5 �4 (Nå4)_____________ 
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I10. þO6Bô¾z³¾z
·��iô~Ì~Ý»8ÚPû 

M1 Ú¤~Ý  M3 ¯ï M4 Ìü~Ý 

M2 ~Ý   M5 Ú¤Ì~Ý  

I11. çí�JJ@�Uô¾z��¸öZxÎ�¨i�P�ÌÕ-\ÚPÎ�û 

M0 ��ûW I12�          M1 � 

 

 

 

 

 

 

 

 

 

I12. í�JJ� U�\çí��JºÔô4(ô)µý½�Ô�Pçÿq�Âøô��£
ÚJû 

M1 PÂø M2 Pÿq M3 �£
ÚJ 

I13. ¾(JJ00/��)ÎÍ���©¦²��»O�û�í���¦Ù6²��»O�û�÷�

��  

M0 ��                 M1¦�             M3¦÷·     

                         M2¦�             M4�4�Ó²��         

I14. ¾(JJ00/��)ÎÍ���(ihh��
û 

M0 ��                 M1�úh          M3 ��ÿ-���Y>ï�Éh 

M2 Ã�õ�Öh    

I15. ¾(JJ00/��)ÎÍ����æÙû�í��Nbczí¦.ßæÙ��? 

M0 ���ÛæÙ        M1 �¼             M3��s��                
                        M2 ���           M4 �J�0¢    

I16. (ÈJ�ãô¾(JJ00/��)ÎÍ��¸î��6@�û 

M0 ��                M1s/�ú          M3�¼ 1~3ú   

M2�¼ 4~5ú        M4�¼ÿ- 1ú 

I11a. ¾zçí�JJ@�UZ�\çí�PÎô��s�ZÎû 

         �________� 

I11b. ½��ÓZ�\çí�PÎ��C��9�ú 

M1 Bihk    M5JJ£ÝW�hfd 

M2 �Ôµ»h~Õ   M6 �7"ïïB 

M3 ¼�IÜ�æT�hk M7 ö.â¨ 

M4 ����=¤Àb  M8 �4 _______________ 
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I17. ¾(JJ00/��)ÎÍEÛ�N;���@\�u¬(ÛN�Ù1)û 

   M0 ��                M1ç�_E          M3ç�_E 
M2ç�_E          M4çd_E�0¢ 

I18. ¾(JJ00/��)ÎÍ�ú¸HõæHõ�EÛ¢���'\(âÁÊ86÷���D)û 

M 0��                 M1ç�_E           M3ç�_E               

M2ç�_E           M4çd_E�0¢ 

I19. VÃR|ô¾(JJ00/��)ÎÍ��¸öH�(EtÚ`)û�í��s¡H�í¦? 

M0 ��                   M1s¡ 1ú0ã           M3s¡H� 6~10ú  

M2s¡H� 2~5ú                      M4s¡H�µ- 10ú 
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J. Õ²ÿ]�'* 

J1. NbJJ@���Ô�çú 

M1  ¢ñú__________ú  M2   ñú__________ú   

J2. NbJJ@����ô(�tÈ�©f����:*G0°�JJ���³�r*û 

M1 ��  

M2 �   

   

J3.  NbJJ�¾�JJ�����s�»8û�______� 

J4. >µJJ@��\çÂöx�
��JôNb¾�JJ����Ì�¸Æ¶k(�J)xû 

M1 ¸ M2 Ì¸�ûW�	� 

J4a. ¾�JJ����Ì��Æ,�»JJû 

M1 � M2 Ì� 

J4b. W»JJ\çs��

�û 

\çú      �� 

��W J5� 

 J4c. W¾�JJ����Ì�\çËç¶kÍûË�

ÂöþÞõ¬b�Ìé�P(z^)û 

M1 \ç¶kÍ 

J4d. W¾�£bº�Ù6�

�û    �    �    � 

��W J5� 

M2 þÞ(]�)��s�û      ��ûW KÈ� 

M3 ¬Þ(¬b)��s�û      ��ûW KÈ� 

M4 �b��s�û      ��ûW KÈ� 

 

 

J5. ¾�JJ���å¾z�,�JJ/¾\ç�Æ¶kôNbí�¾��£º>��Ë�@f

�¶kû 

M1 £º�� M2 @f� M3 é�>� 

J2a. Nb�¾�Ù6�û 

M1 �=( �JJ� �)   M3 ûÎ�¦  

M2 ¾Î�¦     M4 �4 
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K. �UÒ/�U~½� 

�õ w�W� 

K1. Nbç`|ô¾���p>(�Ö£p>ÐoÎ)��Ï�;öû 

M0 ��          M1 �  

K2. Nb¾ç`|í¤©PçzÂ��Ï;ö�Nû 

M1 ?ÿ�¼��                M3 ?ÿJ��� 

M2 ?ÿ�����              M4 ?ÿ���� 

K3. Nb¾ç`|×�xs��ò;û ______� 

K4. Nb¾�`|U�\çô���VCxÙ6¬�ò;d�öädû 

M0 ���ûW K5�             M1 � 

 

 

 

K4a. Nb�Ù6dqû�÷��� 
 

M1 �²~�öäd M4 fd�=ý÷d 

M2 ��w�ò;ô�d(A��òd) M5 �4�Ó²�� 

M3 o»6                             

�2éí@�JJ���Èod��Áfd�µ��= 

M 1 Á�od�ûW L È� 
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�õ <ï3K���ý½NÖ©å@�Ö£p>ÐoÎÜ�� 

K5. Nb¾�oß�È�ú 

 M1 Pó        M3 ¯ïôÌóÌá     M4 á/Ìó 
M2 ó                                 M5 Pá  

K6. Nb¾²oß�È�ú 

 M1 Pó        M3 ¯ïôÌóÌá     M4 á/Ìó 
M2 ó                                 M5 Pá  

K7. Nb¾�oß�È�ú 

 M1 Pó        M3 ¯ïôÌóÌá     M4 á/Ìó 
M2 ó                                 M5 Pá  

K8. Nb¾óoß�È�ú 

 M1 Pó        M3 ¯ïôÌóÌá     M4 á/Ìó 
M2 ó                                 M5 Pá  

K9.  Nb¾�`ß�È�ú 

 M1 Pó        M3 ¯ïôÌóÌá     M4 á/Ìó 
M2 ó                                 M5 Pá  

K10.  Nb¾²`ß�È�ú 

 M1 Pó        M3 ¯ïôÌóÌá     M4 á/Ìó 
M2 ó                                 M5 Pá  

K11.  Nb¾ç`|ÚP�æTôµí§�rl�Ù6ßB¬Kû 

M1 oß        M2 `ß     M3 <Îß      M4 �4�ÓC��___________ 

K12.  ç`|ô¾s¤l�Ù6ßB¶�¬Kû 

M1 Ä�_____�                   M4 í§��æ�  

M2 í§�_____�                 M5 Ä��æ� 

M3 �J�_____�ô�J��æ�   M6 `|�æ�¬KßB©ÎÂl�ßBìÕ 

K13. ç`|ô¾h;ÿl�Ù6ßB¶�¬Kû 

M1 Ä�_____�                   M4 í§��æ�  

M2 í§�_____�                 M5 Ä��æ� 

M3 �J�_____�ô�J��æ�   M6 `|�æ�¬KßB©ç`|l�ßBìÕ 
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K14. ¾s¤Þ¬�g�û 

M1 Ä�_____g�    M3 �J_____g�ô�J�æg�   M4 í§��æg� 

M2 í§�_____g�                                    M5 Ä��æg� 

K15. ¾�h;ÿÞ¬�g�� 

M1 Ä�_____g�    M3 �J_____g�ô�J�æg�   M4 í§��æg� 

M2 í§�_____g�                                    M5 Ä��æg� 

K16.  ¾s¤©¬d�¬óû 

M1 Ä�_____�      M3 �J_____�ô�J�æ�       M4 í§��æ�  

M2 í§�_____�  M5 Ä��æ� 

K17.  ï¤¾v��$��õ�²~�õÃ£e�õö.�$;�näT��û 

M1 Ä�_____�       M3 �J_____�ô�J�æ�     M4 í§��æ�  

M2 í§�_____�  M5 Ä��æ� 

K18.  ¾¥»8���û 

M1.Ä�_____��    M3.�J_____��ô�J�æ��  M5.Ä��æ��  

M2.í§�_____�� M4.í§��æ�� M6.�æ�üµáf  

K19.  ¾¥»8�jb�ô¾ï¤nÃÛTNòû 

M1 �Î�ö             M4 `|�tÈ�© 

M2 PçzÂ��ö       M5 ���Q0Nò 

M3 Pç`|`p>ÎÂ��ö  M6 �4�ÓC��____________ 

K20.  ¾áÁ>Á�úM1 ______�    M2 `|�    M3 ¨�_____�ô¨�`|� 

K21.  xP��¾ç¥8·�ô���_�¬d�"¥»8�b�û 

M0 ��      M1 � 

 

 

 
 

 
 

K21a. �Ù6b�û�÷��� 

M1 JJïg�
/b�           M4 ü�>ÁöMÌI  

M2 JJ<¨�i            M5 �4�ÓC��________ 
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Reported 

on page # 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

1-2 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

4-5 

Objectives 3 State specific objectives, including any prespecified hypotheses 5 

Methods  

Study design 4 Present key elements of study design early in the paper 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

5-6 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and methods 

of case ascertainment and control selection. Give the rationale for the choice of 

cases and controls 

Cross-sectional study—Give the eligibility criteria, and the sources and 

methods of selection of participants 

5-6 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed 

Case-control study—For matched studies, give matching criteria and the 

number of controls per case 

6 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

7-8 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

7-8 

Bias 9 Describe any efforts to address potential sources of bias NA 

Study size 10 Explain how the study size was arrived at 7 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

7-8 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

7-8 

(b) Describe any methods used to examine subgroups and interactions 8-9 

(c) Explain how missing data were addressed 23 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls 

was addressed 

Cross-sectional study—If applicable, describe analytical methods taking 

account of sampling strategy 

5-6 

(e) Describe any sensitivity analyses NA 

Continued on next page
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Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in 

the study, completing follow-up, and analysed 

10 

(b) Give reasons for non-participation at each stage NA 

(c) Consider use of a flow diagram NA 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

23-24 

(b) Indicate number of participants with missing data for each variable of 

interest 

23-24 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) NA 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over 

time 

NA 

Case-control study—Report numbers in each exposure category, or summary 

measures of exposure 

10-12 

Cross-sectional study—Report numbers of outcome events or summary 

measures 

NA 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 

estimates and their precision (eg, 95% confidence interval). Make clear which 

confounders were adjusted for and why they were included 

25 

(b) Report category boundaries when continuous variables were categorized 7-8 

(c) If relevant, consider translating estimates of relative risk into absolute risk 

for a meaningful time period 

NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

NA 

Discussion  

Key results 18 Summarise key results with reference to study objectives 12 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias 

or imprecision. Discuss both direction and magnitude of any potential bias 

15 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

13-15 

Generalisability 21 Discuss the generalisability (external validity) of the study results 5 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is based 

16 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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