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Abstract

IMPORTANCE Secondhand smoke is a substantial risk factor for youth health globally, including in
Japan, where tobacco control policies should be reassessed.

OBJECTIVE To assess trends in the prevalence of secondhand smoke exposure among Japanese
adolescents from 2008 to 2017 and to examine the association between its frequency and smoking
during the study period.

DESIGN, SETTING, AND PARTICIPANTS This study comprised a nationally representative, self-
administered, school-based, cross-sectional survey focusing on tobacco and alcohol use and related
factors among students in grades 7 to 12 (ages 12-18 years) in Japan. This random sampling survey
used single-stage cluster sampling. Using the national school directory, junior and senior high schools
throughout Japan were randomly extracted from each regional block. All students enrolled in the
sampled schools were included as participants, and school-based surveys were completed in 2008,
2012, and 2017. Data analysis was performed from January 1 to March 15, 2023.

MAIN OUTCOMES AND MEASURES Prevalence of secondhand smoke exposure among
adolescents in Japan from 2008 to 2017 and changes in the association between secondhand smoke
exposure frequency and prevalence of smoking were examined using multiple logistic regression
analysis.

RESULTS Data were analyzed for 95 680 adolescents in 2008 (50.7% boys), 100 050 in 2012
(51.6% boys), and 64 152 in 2017 (53.9% boys). At baseline, 42.0%, 38.5%, and 34.6% of the
participants were junior high school students in 2008, 2012, and 2017, respectively. Based on the
2008 surveys, 51.0% of adolescents in grades 7 to 12 were exposed to secondhand smoke in any
place (�1 day during the past 7 days), 37.2% were exposed at home, and 36.5% were exposed in
public places. In 2017, 36.3% of participants were exposed to secondhand smoke in any place, 23.8%
were exposed at home, and 27.0% were exposed in public places. An association between
secondhand smoke exposure frequency and prevalence of smoking was observed consistently
regardless of survey year, location, or pattern of exposure (adjusted odds ratios ranged from 2.29
[95% CI, 1.81-2.91] for 1-2 days at home to 11.15 [95% CI, 8.50-14.62] for 7 days in public places).
Stratified analysis by higher education intention indicated that the prevalence of smoking and
secondhand smoke exposure decreased but remained higher among adolescents who did not intend
to pursue higher education. The association between secondhand smoke and smoking did not differ
substantially between groups.

CONCLUSIONS AND RELEVANCE In this cross-sectional study, the prevalence of secondhand
smoke exposure among adolescents in Japan decreased but remained at high levels overall. There
may not be a hazard-free threshold for smoking. Enhancing comprehensive tobacco control
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Key Points
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Findings In this cross-sectional study of
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Abstract (continued)

strategies is Japan’s first step toward achieving smoke-free environments to protect youths.
Implementation and verification of the effectiveness of smoke-free legislation should be considered.
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Introduction

Secondhand smoke (SHS) exposure is a key modifiable risk factor for youth health burden.1 Reducing
unwanted passive smoking could substantially contribute to health gains. In 2004, the World Health
Organization estimated that SHS caused 165 000 deaths through lower respiratory infections in
children aged younger than 5 years and 1150 asthma-related deaths in those aged younger than 15
years. The links between SHS and specific diseases have been summarized in comprehensive
assessments and reviews.2-6 In children, exposure to SHS is associated with an increased prevalence
of respiratory infection, increased frequency and severity of asthma exacerbations, and greater risk
of sudden infant death syndrome.7 The existing literature suggests that SHS exposure among
children and youths could affect their cardiovascular health and cancer mortality.8,9 The American
Heart Association strongly warns against SHS exposure and calls for stricter smoke-free legislation to
prevent SHS exposure among children and youths.

Despite global efforts to develop comprehensive tobacco control strategies, such as the
Framework Convention on Tobacco Control (FCTC), a considerable number of individuals remain
unprotected from SHS exposure.10 The 2010 to 2018 Global Youth Tobacco Survey surveyed
adolescents aged between 12 and 16 years in 142 countries, and researchers found that 57.6% and
33.1% were exposed to SHS for at least 1 day during the past 7 days in public places and at home,
respectively.11 The US Centers for Disease Control and Prevention (CDC) reported that although SHS
exposure decreased from 1988 to 2014, 25% of nonsmokers, including 14 million children, were
exposed to SHS.12 According to the 2013 to 2016 National Health and Nutrition Examination Survey,
35.4% of nonsmokers aged 3 to 17 years in the US are exposed to SHS.13 Measures against SHS remain
a key challenge both for countries with advanced tobacco control policies and for those lacking such
policies. Although Japan’s insufficient tobacco control became an issue during the 2020 Tokyo
Olympics,14 no reports have yet examined the prevalence of SHS exposure among Japanese
adolescents based on nationally representative surveys.

Secondhand smoke exposure in adolescence may influence smoking behavior.15 Studies
indicate that SHS in childhood is an independent factor for susceptibility to smoking initiation.16

Children who live with smoking families are more likely to be exposed to SHS and smoke tobacco
later in life compared with children who live with nonsmoking families.17 However, to our knowledge,
no studies have examined how SHS exposure frequency and location are associated with adolescent
smoking behavior.

Regarding socioeconomic factors, a review reported that parental smoking, lower
socioeconomic status (SES), and lower educational attainment are consistently associated with SHS
exposure among children and youths.18 The association between SHS exposure and SES is supported
by studies from many countries, including countries in Asia.19-24 However, studies of socioeconomic
disparities in SHS exposure among Japanese adolescents are scarce, except for a study from a rural
area.25 Examining disparities in the association between SHS exposure and smoking across SES could
be relevant to understanding whether social disparities in smoking can be attributed to SHS
exposure.

We used data collected in 2008, 2012, and 2017 nationwide surveys of junior high and high
school students to assess trends in the prevalence of SHS exposure among Japanese adolescents. We
also examined both the association between SHS exposure frequency and smoking over the study
period and disparities in the association between SHS exposure and smoking across social
backgrounds by using further education intention as a marker for household SES over time.
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Methods

Study Design and Participants
This cross-sectional study incorporated a nationally representative, self-administered, school-based
survey mainly focusing on tobacco and alcohol use and related factors among students in grades 7
to 12 (ages 12-18 years) in Japan. This random sampling survey used single-stage cluster sampling.26

Using the national school directory, junior and senior high schools throughout Japan were randomly
extracted from each regional block. All students enrolled in the sampled schools were included as
participants. After we obtained agreement to participate from school principals, we sent survey
questionnaires to all students at the school. Schools provided parents or caregivers with information
about our survey and the opportunity to withdraw from this study. Then the anonymized
questionnaires and envelopes for individual privacy were distributed by classroom teachers.
Teachers encouraged students to respond voluntarily and honestly. The completed questionnaires
were placed in envelopes and sealed by students; envelopes were collected by teachers and returned
to our office. The data collection flow was reported previously.27

The Ethical Review Committee of the Faculty of Medicine at Tottori University approved this
study and waived the requirement for informed consent because only deidentified data were used.
Details are presented in the eMethods in Supplement 1. This study adhered to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Measurements of SHS Exposure and Current Smoking
Students were defined as exposed to SHS at home if they responded “1 or more days” to the
question, “During the past 7 days, on how many days have people smoked in your presence, in your
home?” Students were defined as exposed to SHS in public places if they who responded “1 or more
days” to the question, “During the past 7 days, on how many days have people smoked in your
presence, in places other than in your home?” Based on these responses, exposure to SHS in any
place was further defined as exposure to SHS in public places or at home on at least 1 day during the
past 7 days. The frequency of SHS exposure at home, in public places, or in any place was defined as 1
or more days, 3 or more days, 5 or more days, and daily during the past 7 days, based on student
responses. Current smokers were defined as those who responded “at least once” to the question,
“How many days in the past 30 days have you smoked cigarettes?”

Covariates and Further Education Intention
To examine the association between SHS exposure and current smoking status, several variables
were categorized into binary or ordinal data and used to adjust for potential confounding factors. The
following were examined: demographic variables (sex and grade [7-12]), health behavior variables
(having breakfast every day, participating in club activities, and enjoying school), attitude toward
tobacco (understanding that secondhand smoking is harmful and understanding that smoking is
harmful), and current alcohol use (drinking once in the past 30 days). We used further education
intention as a marker for household SES, based on a previous study.25 We categorized further
education intention into 2 levels (college or higher, or other options), according to the following
responses to the question, “What is your intention for after graduating from school?”: “senior high
school,” “vocational school,” “junior college,” “college,” “postgraduate school,” “starting a job after
graduating current school,” and “undecided.” After discussions within the research team, we
assumed that these covariates could be associated with both SHS exposure and smoking, according
to the previous literature.28-32 The eAppendix in Supplement 1 presents the survey questionnaire
and data categorization.

Statistical Analysis
Prevalence estimates of SHS exposure and 95% CIs were calculated using a weighting method based
on single-stage stratified cluster random sampling.26 Prevalence was adjusted for grade and sex using
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the number of junior and senior high school students nationwide, drawn from the School Basic
Survey conducted by the Ministry of Education, Culture, Sports, Science and Technology of Japan as
a standard population. Participants whose school grades were missing were excluded from the
analysis because we determined that the missing data (0.1%-0.3%) did not significantly affect the
results. A χ2 test was used to test the difference in proportions according to sex and age. Multiple
logistic regression analyses were conducted to examine the association between the frequency of
SHS exposure (0, 1-2, 3-4, 5-6, or 7 days) and current smoking status. We adjusted for the selected
covariates noted earlier. The covariates did not interfere with model fitting or multicollinearity. We
set the group with “0 days during the past 7 days” as a reference and calculated the adjusted odds
ratios (AORs) and P values. Stratified analysis was also conducted according to 2 educational
intention levels (college or higher, or other options) to examine the difference in the proportion of
current smokers and the AORs for current smoking by SHS exposure frequency levels. Moreover, the
association between SHS exposure pattern and current smoking status was examined using logistic
regression analysis. The pattern of SHS exposure was categorized into 4 groups according to SHS
exposure during the past 7 days at home and in public places (0 days for both, �1 day and 0 days, 0
days and �1 day, and �1 day for both, respectively). We set the group with 0 days at both home and
in public places as a reference category in the logistic regression analysis. The significance threshold
for statistical tests was set at P < .05 (2-sided). Missing data on independent variables were handled
by applying multiple imputations with 20 imputations using a fully conditional specification. Data
analysis was performed from January 1 to March 15, 2023, using SPSS, version 25.0 (IBM Corp), and
Stata, version 16 (StataCorp LLC).

Results

Details on the surveys, number of schools, school selection and response rates, and participant
background are provided in Table 1. Data were analyzed for 95 680 adolescents (50.7% boys and
49.3% girls) in grades 7 to 12 (40 151 junior high school students [42.0%]) in 2008, 100 050
adolescents (51.6% boys and 48.4% girls) in grades 7 to 12 (38 494 junior high school students
[38.5%]) in 2012, and 64 152 adolescents (53.9% boys and 46.1% girls) in grades 7 to 12 (22 215 junior
high school students [34.6%]) in 2017. The sample included 1.2% and 2.2% of nationwide junior high
school and high school students in 2008, 1.4% and 2.7% in 2012, and 0.9% and 1.8% in 2017,
respectively.

Based on the 2008 surveys, 51.0% (95% CI, 50.9%-51.3%) of adolescents in grades 7 to 12 were
exposed to SHS (�1 day during the past 7 days) in any place; 37.2% (95% CI, 37.0%-37.5%) were
exposed at home and 36.5% (95% CI, 36.3%-36.6%) were exposed in public places. In 2017, the
prevalence decreased, but 36.3%, 23.8%, and 27.0% of participants were exposed to SHS in any
place, at home, and in public places, respectively; 60.5% had spent a week in a smoke-free
environment (eTable 1 in Supplement 2). The proportion of SHS exposure frequency in each survey
is illustrated in eFigure 1 in Supplement 1. Regarding SHS exposure at home, the dominant exposure
pattern was being exposed to SHS every day.

The association between SHS frequency and current smoking is presented in Table 2. The
percentage of current smokers decreased from 2008 to 2017, but consistently increased with higher
SHS exposure frequency. eTable 6 in Supplement 2 provides the missing data rates for each variable.
The percentage of missing values across the 9 variables ranged from 0 to 5.7%. In total, there were
7676 instances (8.0%) of incomplete data in 2008, 3789 (3.8%) in 2012, and 3095 (4.8%) in 2017,
for which we conducted multiple imputations. Exposure to SHS for 1 or more days during the past 7
days was associated with current smoking, regardless of survey year, sex, or location. The AORs for
SHS exposure increased with higher exposure frequency (AORs ranged from 2.29 [95% CI, 1.81-2.91]
for 1-2 days at home to 11.15 [95% CI, 8.50-14.62] for 7 days in public places). The AORs for SHS
exposure increased with higher exposure frequency (Table 2). There was little difference in AORs
across the survey years. Changes in these associations by sex were not distinct. The association
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between SHS exposure pattern and current smoking is shown in eTable 2 in Supplement 2. The AOR
for current smoking compared with no exposure increased with the chance of exposure. These
associations were consistent regardless of the sex or survey year.

The association between SES and SHS exposure was also explored. The proportion of
adolescents exposed to SHS was consistently lower in the group that intended to pursue college or
higher education (eTable 3 in Supplement 2). The results of the stratified analysis according to 2
education intention levels are illustrated in the Figure and eFigure 2 in Supplement 1. The percentage
of current smokers increased with the frequency of SHS exposure. Compared with the group with
higher education intention, the percentage of current smokers was consistently higher in the group
without higher education intention both at home and in public places. In addition, the increase in the
percentage of current smokers with increasing SHS exposure frequency was more substantial in the
group without higher education intention. From 2008 to 2017, the increase in the percentage of
current smokers with increasing SHS exposure frequency flattened, and the difference between 0
days and 7 days decreased. Regardless of higher education intention, SHS exposure at home and in
public places was associated with current smoking (eFigure 2 in Supplement 1). The association did
not differ substantially between the 2 education intention levels. (Additional information regarding
the association between selected covariates and current smoking or SHS exposure is provided in
eTables 4-6 in Supplement 2.)

Table 1. School Sampling, Response Rates, and Participant Characteristics by Survey Yeara

2008 2012 2017
Schools in Japan

Junior high 10 882 10 018 10 325

Schools sampled 130 (1.2) 140 (1.4) 98 (0.9)

Sampled schools that responded 92 (70.8) 94 (67.1) 48 (49.0)

Senior high 5115 4603 4907

Schools sampled 110 (2.2) 124 (2.7) 86 (1.8)

Sampled schools that responded 80 (72.7) 85 (68.5) 55 (64.0)

Total student responses 96 911 101 356 64 331

Excluded for nonresponse regarding sex or age 541 447 2

Excluded for discrepant responses (eg, sex, age,
smoking, or drinking)

690 859 177

Participant characteristics 95 680 100 050 64 152

Sex

Boys 48 525 (50.7) 51 587 (51.6) 34 582 (53.9)

Girls 47 155 (49.3) 48 463 (48.4) 29 570 (46.1)

School grade

Junior high (aged 12-15 y)

7 13 302 (13.9) 13 405 (13.4) 7384 (11.5)

8 13 649 (14.3) 12 884 (12.9) 7329 (11.4)

9 12 925 (13.5) 12 205 (12.2) 7415 (11.6)

Unknown 275 (0.3) 0 87 (0.1)

Senior high (aged 15-18 y)

10 20 157 (21.1) 21 480 (21.5) 14 201 (22.1)

11 18 328 (19.2) 20 026 (20.0) 14 212 (22.2)

12 16 785 (17.5) 20 050 (20.0) 13 404 (20.9)

Unknown 259 (0.3) 0 120 (0.2)

Smoking and alcohol use in the past 30 d

Smoking 4966 (5.2) 2851 (2.9) 1183 (1.8)

Alcohol use 16 110 (16.9) 12 034 (12.1) 3584 (5.6)
a Unless indicated otherwise, values are presented as

the No. (%) of schools or students.
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Discussion

To our knowledge, this study is the first to assess SHS prevalence among adolescents in Japan. Our
findings suggest that the percentage of adolescents exposed to SHS decreased between 2008 and
2017, which can be attributed to decreases in smoking rates, increases in smoking bans in workplaces
and public places, increases in voluntary smoking restrictions at home and in workplaces, and
changes in societal attitudes toward smoking around nonsmokers and children.5 However, in 2017, 1
in 3 adolescents (36.3%) in this study reported having been exposed to SHS for at least 1 day during
the past 7 days, and 60.5% had spent a week in a smoke-free environment. Furthermore, about a
quarter (23.8%) of junior high and high school students were exposed to SHS in their homes, and
many were exposed to SHS almost every day. Although comparability was limited, the prevalence of
SHS in our study was lower than the global figure from the Global Youth Tobacco Survey in 2010 to
2018 (62.9%)11 and about the same as that of nonsmoking children in 2013 to 2016 in a CDC report

Figure. Prevalence of Current Smokers by Secondhand Smoke Exposure Frequency and Differences According
to Higher Education Intention in 2008, 2012, and 2017
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(35.4%).13 Our findings suggest that despite more than a decade of tobacco control efforts since
FCTC ratification, SHS exposure remains a major public health issue. There is no safe threshold for
SHS exposure; thus, stakeholders must ensure that all environments are free from unwanted SHS.33

Similar issues exist in Japan. To protect individuals from SHS, reducing the number of smokers by
promoting effective and comprehensive tobacco control measures in accordance with the FCTC is a
priority.

In this study, SHS exposure was consistently associated with smoking among adolescents
themselves, regardless of location, frequency of exposure, or pattern of exposure. Many factors are
interrelated with this association, including SHS exposure,34,35 parental modeling,17,36 and physical
sensitivity to SHS.37 A meta-analysis reported that exposure to parental or sibling smoking is a
notable risk factor for smoking uptake among children and adolescents, although this was not
measured in our study.38 However, a finding from worldwide data shows an association between SHS
and susceptibility to smoking.39 Secondhand smoke has been suggested to be an independent factor
for susceptibility to smoking.16 Prospective studies have described SHS exposure at home as a more
substantial risk factor than parental smoking,17 and it has also been reported to hamper smoking
cessation.40 Although our cross-sectional study is insufficient to make causal inferences, SHS
exposure may be an important factor in inducing youths to smoke. Moreover, in our study, SHS
exposure in public places increased the magnitude of the association between SHS exposure and
smoking. This result might be explained by reverse causality, as smokers tend to go to smoking areas.
However, associated factors in the cross-sectional study can be detected as risk factors in the
longitudinal study. Ensuring an environment without SHS has the potential to prevent youths from
beginning to smoke and to reduce the number of future smokers.

In our stratified analysis by higher education intention, smoking rates among adolescents
decreased from 2008 to 2017, regardless of higher education intention or the environment in which
SHS exposure occurred. However, the prevalence of smoking and SHS exposure remained higher
among adolescents who did not intend to pursue higher education. Smoking rates were lowest
among adolescents free from SHS exposure, regardless of higher education intention. The changes
observed suggest that SHS exposure decreased even among smokers over the study period. A
decrease in parental smoking or local smoke-free legislation might have contributed to this finding.
Additional findings suggest that the smoking environment, regardless of societal perspective, is
closely linked to youth smoking. Moreover, the closer youths are to SHS in their environment, the
greater their association with smoking. Protecting all children and adolescents from SHS through
comprehensive smoke-free measures could contribute to a decrease in smoking rates regardless of
social disparities. In the UK, children’s exposure to SHS decreased after legislation banned smoking
inside public places.41 However, the effect of tobacco control interventions on socioeconomic
disparities in smoking remains controversial.42 Previous studies have found a differential impact of
smoke-free policies on different social groups.43-45 Evidence from Hong Kong showed that public
smoke-free bans shifted smoking from public places to home, increasing home SHS exposure in
children.46 Hence, prudent smoke-free regulations from multiple perspectives should be
implemented to verify their effectiveness.

Limitations
Several study limitations should be noted. First, our survey was based on self-reported responses;
thus, it was difficult to examine their accuracy. However, both self-reported smoking behavior and
SHS exposure among adolescents have adequate validity.47-49 Second, we included only adolescents
who attended junior high and high schools in Japan on the day the survey was administered and who
participated in the survey; therefore, participants were not representative of all individuals in this
age group. However, in most countries, most young people in this age group attended school.50

Moreover, there is a possibility of bias associated with why some parents and caretakers may have
chosen to not grant permission for their children’s participation in the study. However, it is unknown
why some individuals did not respond and, notably, the number of nonresponses was minimal. Third,
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our estimates are conservative because we conducted a school-based survey, and students outside
of school might be more likely to engage in risky behavior than those in school.51 Fourth, this cross-
sectional study could not assess causality. Regarding the association between SHS and current
smoking, we could not adjust for parental smoking because this information was not consistently
collected for our sample. This could be an important source of unmeasured confounding factors.
Fifth, our survey did not directly measure SES (eg, parental educational attainment or household
income). Therefore, we used higher education intention as a marker for household SES, as suggested
in previous literature. Sixth, the response rate changed, and biases may have been created. Although
we could not evaluate the biases at this point, a way to improve the response rate should be explored
in future studies.

Conclusions

Our repeated cross-sectional study assessed trends in SHS exposure among Japanese adolescents
from 2008 to 2017. These findings suggest that secondhand smoke exposure among adolescents
has decreased in Japan; however, exposure to SHS among adolescents remains high. To decrease the
number of smokers, enhancing comprehensive tobacco control strategies to meet the global
standard is Japan’s first step in achieving a smoke-free environment. The association between SHS
exposure frequency and current smoking was consistently observed regardless of survey year,
location, or SES. Implementation and verification of the effectiveness of smoke-free legislation to
reduce smoking initiation and health hazards for young people should be considered.
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