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AbstrACt
Objectives Recently, the Tokyo Metropolitan Assembly 
passed an ordinance prohibiting smoking in private homes 
and cars if children are present. However, no previous 
study has investigated existing, voluntary home and 
car smoke-free rules in Japan. Therefore, we examined 
prevalence and determinants of comprehensive home and 
car smoke-free rules.
Design A cross-sectional study.
setting Internet survey data with adjustments using 
inverse probability weighting for ‘being a respondent in an 
internet survey’.
Participants 5600 respondents aged 15–69 years in 
2015 were analysed to estimate weighted percentages 
and prevalence ratios (PRs) with 95% CIs of having 
comprehensive home and car smoke-free rules.
Main outcome measures Respondents who answered 
‘smoking is never allowed’ in their home and car were 
defined as having home and car smoke-free rules.
results Overall, 47.0% (95% CI=45.8% to 48.3%) of 
respondents implemented comprehensive home and 
car smoke-free rules. People who agreed with ‘smoking 
relieves stress’ were less likely to have comprehensive 
smoke-free rules (PR=0.76, 0.71 to 0.82), especially 
among ever-users of electronic nicotine delivery systems 
(PR=0.49, 0.30 to 0.81). Higher education was significantly 
associated with higher PR for comprehensive smoke-free 
rules (PR=1.30, 1.19 to 1.41). Living with children was 
significantly associated with higher PR for smoke-free 
rules among current smokers than not living with children 
(PR=2.91, 1.99 to 4.27).
Conclusions In Japan, about 50% of respondents 
had voluntary smoke-free rules in the home and car. 
Information on current voluntary smoke-free rules will be 
useful as baseline information on home and car smoke-
free status before enforcement of the 2018 Tokyo home 
and car smoke-free legislation.

IntrODuCtIOn 
Secondhand smoke (SHS) is one of the most 
prevalent and preventable risk factors for 
many health outcomes in non-smoking adults 
and children.1 Worldwide, approximately 
35% of non-smokers are exposed to SHS and 
603 000 deaths are attributable to SHS annu-
ally.2 Smoke-free policies are therefore a key 
driver behind reducing risk of SHS exposure, 
particularly among non-smokers.3 Previous 

studies have suggested that complete indoor 
smoking bans decrease the risk of SHS-related 
diseases such as acute coronary syndrome and 
childhood asthma.4 5 At least 55 countries, 
comprising almost 1.5 billion people—20% 
of the world’s population, have comprehen-
sive smoke-free legislation.3 However, this 
legislation does not determine smoke-free 
rules for private spaces such as the home and 
car, which are considered to be two of the 
greatest areas of exposure to SHS.6 7 

Several countries, such as Australia, the 
UK, South Africa and some jurisdictions in 
Canada and the USA have enacted laws to 
ban smoking in cars carrying children.8–10 
This was possible because the space in a car 
can legally be considered as semi-public 
space (this same legal consideration enabled 
the prohibition of mobile phone use while 
driving) and previous studies had highlighted 
the considerable health benefits of smoke-
free rules, especially for children.11–15

A recent review paper reported that 
the majority of studies showed significant 
increases in voluntary home smoking restric-
tions after the enactment of legislative bans 

strengths and limitations of this study

 ► No previous study has investigated home and car 
smoke-free rules in Japan, although the Tokyo 
Metropolitan Assembly passed an ordinance to pro-
hibit smoking in private homes and cars if children 
are present.

 ► Although an internet-based study has limitations in 
terms of generalisability, we were able to adjust the 
data to approximate a nationally representative esti-
mate using inverse probability weighting.

 ► Our finding that attitudes towards smoking and 
electronic device use status are related to home and 
car smoke-free rules provides a novel viewpoint.

 ► One limitation of our study is that its cross-section-
al nature limits our conclusions to associations (not 
causality) between variables and smoke-free rules.

 ► Another potential limitation is the use of data that 
were self-reported without validation testing.
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Table 1 Proportion and PRs of home and car smoke-free rules among total subjects

N n % (95% CI) PR* (95% CI)

Total 5600 2635 47.0 (45.8 to 48.3)

Sex

  Male 2861 1318 46.1 (44.3 to 47.8) 1 (reference)

  Female 2762 1327 48.1 (46.3 to 49.8) 0.82 (0.76 to 0.89)

Age group

  15–29 1338 581 43.5 (40.9 to 45.9) 1 (reference)

  30–49 2145 1003 46.8 (44.8 to 48.8) 1.04 (0.92 to 1.17)

  50–69 2141 1060 49.5 (47.5 to 51.6) 1.06 (0.93 to 1.22)

Marital status

  Married 3722 1854 49.8 (48.3 to 51.4) 1 (reference)

  Never married 1590 654 41.2 (38.9 to 43.5) 0.85 (0.75 to 0.96)

  Widowed or divorced 311 136 43.9 (38.7 to 49.1) 0.98 (0.83 to 1.16)

Education

  High school 3131 1316 42.0 (40.4 to 43.7) 1 (reference)

  Technical or junior college 1135 568 50.1 (47.3 to 52.8) 1.16 (1.06 to 1.28)

  University 1356 761 56.1 (53.6 to 58.6) 1.30 (1.19 to 1.41)

Home-ownership

  No 1331 604 45.4 (42.9 to 48.0) 1 (reference)

  Yes 4292 2041 47.6 (46.1 to 49.0) 1.00 (0.92 to 1.09)

Self-rated health

  Good 5041 2381 47.2 (45.9 to 48.5) 1 (reference)

  Bad 582 264 45.4 (41.6 to 49.3) 0.94 (0.83 to 1.06)

Children (<12 years)

  Without 4304 1979 46.0 (44.6 to 47.4) 1 (reference)

  With 1319 666 50.5 (47.9 to 53.0) 1.12 (1.02 to 1.24)

Workplace smoke-free rules

  No 3181 1426 44.8 (43.2 to 46.5) 1 (reference)

  Yes 2442 1220 49.9 (48.1 to 51.8) 1.03 (0.96 to 1.11)

‘Difficult to smoke in a place where other people do not smoke’

  No 867 402 46.4 (43.2 to 49.5) 1 (reference)

  Yes 4755 2243 47.2 (45.8 to 48.5) 1.10 (0.99 to 1.22)

‘Smoking relieves stress’

  No 1910 1202 62.9 (60.9 to 65.0) 1 (reference)

  Yes 3713 1443 38.9 (37.4 to 40.4) 0.76 (0.71 to 0.82)

‘In general, what is sold to the public is safe’

  No 4430 2298 51.9 (50.5 to 53.3) 1 (reference)

  Yes 1192 347 29.1 (26.7 to 31.6) 0.77 (0.69 to 0.86)

Smoking status

  Never 3085 1739 56.4 (54.7 to 58.0) 1 (reference)

  Former 1232 719 58.4 (55.7 to 61.0) 0.99 (0.91 to 1.08)

  Current 1306 187 14.3 (12.5 to 16.1) 0.27 (0.24 to 0.32)

E-cigarettes smoking status

  Never 5195 2550 49.1 (47.8 to 50.4) 1 (reference)

  Ever 428 95 22.2 (18.5 to 25.9) 0.72 (0.59 to 0.88)

*Adjusted for all variables. Boldface indicates statistical significance of P <0.05. 
N, total number; n, number of people who have home and car smoke-free rules; PR, prevalence ratio.
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in public places16 Although there is no comprehensive 
nationwide smoke-free legislation in Japan, even for 
public spaces, the Tokyo Metropolitan Assembly recently 
passed an ordinance prohibiting smoking, including 
electronic nicotine delivery systems, in private homes 
and cars if children are present.17 18 While the ordinance 
will not carry penalties for violators, it will work as an 
incentive and could influence behaviour, even in private 
spaces such as the home; Tokyo is one of the largest and 
the most influential cities in the world. To the best of 
our knowledge, this is the first ordinance in the world 
to curtail smoking at home, and we, therefore, need to 
assess the impact of the ordinance in the future. However, 
to date, no study has investigated home and car smoke-
free rules in Japan or the cities of Japan. Therefore, our 
objective in this study was to examine the prevalence and 
determinants of such rules. Although this study did not 
evaluate the Tokyo ordinance, the obtained estimates will 
be useful as baseline information before enforcement of 
the 2018 Tokyo home and car smoke-free legislation.

MethODs
Internet survey
The survey was conducted between 31 January and 17 
February 2015 in Japan and data were collected on the 
first 9000 respondents (actually 9055); that is, 500 people 
aged 15–19 years and 800 people aged 20–29, 30–39, 
40–49, 50–59 and 60–69 years for both sexes. Respon-
dents were selected from a large survey panel recruited 
and managed by a major nationwide internet research 
agency, Rakuten Research, and invited to participate in 
our survey. At the time of our survey the overall survey 
panel comprised 2 278 733 people, of whom 53.9% were 
male, recruited from the entire Japanese population. 
Panel members represented all social categories, such as 
education, housing tenure and marital status, as defined 
by the Census in Japan. All participants gave informed 
consent. Details have been given in a previous report.19

Measures
Home and car smoke-free rules
Respondents were asked about smoking rules in their 
home, using the question: ‘Please choose the option 
closest to your current smoking rules in your home’. The 
response options were ‘never allowed’, ‘always allowed’, 
‘allowed only in some places/times’, ‘do not have a home 
(eg, nursing home residents)’ and ‘no opinion’. We clas-
sified respondents who chose ‘never allowed’ as having 
home smoke-free rules. Respondents who did not have 
a home (n=369) or an opinion (n=765) were excluded 
from the analysis for home smoke-free rules.

Respondents were also asked about smoking rules in 
their cars, using the question: ‘Please choose the option 
closest to your current smoking rules in your car’. The 
response options were ‘never allowed’, ‘always allowed’, 
‘allowed sometimes’, ‘do not have a car’ and ‘no opinion’. 
We classified respondents who chose ‘never allowed’ as 

having a car smoke-free rules. Respondents who did not 
have a car (n=1647) or an opinion (n=599) were excluded 
from the analysis for car smoke-free rules.

We classified respondents who chose ‘never allowed’ for 
both home and car rules as having comprehensive home 
and car smoke-free rules. Respondents who had neither 
a home nor a car (n=1684) or who did not have opin-
ions for home or car rules (n=956) were excluded from 
the analysis for home and car smoke-free rules. Further-
more, we excluded respondents showing discrepancies 
and/or artificial/unnatural responses in the analyses. For 
example, if a respondent chose the same answer number 
throughout a set of questions, it was deemed to indicate a 
discrepancy. Further details of discrepancy identification 
are also shown in previous reports.19 20 After excluding 
respondents with a discrepancy, we analysed 7106 subjects 
(weighted number=7165), for smoke-free home rules, 
5994 subjects (weighted number=6652) for smoke-free 
car rules and 5600 subjects (weighted number=6240) for 
both rules.

Characteristics of respondents
Characteristics included: sex, age, marital status (married, 
never married, widowed and divorced), education (less 
than high-school and high school, technical or junior 
college, university [4 years] and graduate college), 
housing tenure (home-owner or not), self-rated health, 
living with children (under 12 years) (yes or no), work-
place smoke-free rules (yes or no), home smoke-free rules 
(yes or no), car smoke-free rules (yes or no), smoking 
status and e-cigarette smoking status and attitudes towards 
smoking in terms of the following three issues (yes or no): 
(1) agree with ‘it is difficult to smoke in a space where 
other people do not smoke’, (2) agree with ‘smoking 
relieves stress’ and (3) agree with ‘in general, what is sold 
to the public is safe’.

Smoking status
Respondents were asked about combustible cigarette 
smoking status, using the question: ‘Please choose your 
current status for tailor-made and roll-your-own ciga-
rettes separately’. The response options were ‘never 
user’, ‘former non-regular user’, ‘former regular user’ 
and ‘current user’. Respondents who currently smoked 
combustible cigarettes (tailor-made and roll-your-own 
cigarettes) were considered ‘current smokers’. Those who 
reported former use and did not currently smoke either 
type of cigarette were considered ‘former smokers’. Those 
who had never smoked were considered ‘never smokers’.

Electronic devices use status
Respondents were asked about their use of each of the 
following products: nicotine e-cigarettes, non-nicotine 
e-cigarettes, e-cigarettes with unknown nicotine content, 
Ploom and IQOS, using the question: ‘Please choose 
your current status for each product’, and the response 
options were ‘never user’, ‘former non-regular user’, 
‘former regular user’ and ‘current user’. The latter three 
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responses were combined and defined as ‘ever user’ of 
electronic devices. Those who had never smoked any of 
the above five products were considered as ‘never user’ of 
electronic devices.

statistical analyses
Internet surveys are not necessarily representative of 
the real world because they are not based on completely 
random sampling. However, previous studies have 
suggested that estimates adjusted using inverse proba-
bility weighting (IPW) obtained from a propensity score 
(calculated by logistic regression models using basic 
demographic and socioeconomic factors such as educa-
tion and housing tenure) from an internet-based conve-
nience sample provide similar estimates of parameters, 
or at least reduced the differences compared with proba-
bility sample based estimates.19 21 22 We therefore present 
IPW-adjusted estimates rather than simple internet survey 
estimates as the main results of this study. To correct for 
the selectivity of internet-based samples, we used a nation-
ally representative probability sample from the Japanese 
Comprehensive Survey of Living Conditions of People 
on Health and Welfare (CSLCPHW).23 Data from two 
surveys (internet survey and CSLCPHW) were pooled 
(combined) and used for a logistic regression model 
with all the covariates mentioned above to estimate the 
probability of ‘being a respondent in an internet survey’, 
that is, propensity score. Detailed methods are available 
from our previous report.19

We present weighted percentages and prevalence 
ratios (PRs) for having home and car smoke-free rules 
(main outcome), home smoke-free rules and car smoke-
free rules (online supplementary outcomes) among all 
respondents according to characteristics such as sex, 
age group and smoking status. Because the outcomes 
were not rare, we used log-binomial regression models 
to calculate the PRs for smoke-free rules, but the models 
did not converge. Therefore, we used log-Poisson models, 
which provide consistent but not fully efficient estimates 
of the PRs (ie, the CIs are slightly wider).24 25 Percentages 
are shown with 95% CIs calculated by Wald and exact 
methods.

Probability values for statistical tests were two-tailed; 
p<0.05 was considered statistically significant. All analyses 
were performed using SAS V.9.3 (SAS Institute).

Patients and public involvement
Patients and public were not involved in the study.

results
Overall, 47.0% (95% CI=45.8% to 48.3%) of respon-
dents implemented comprehensive home and car smoke-
free rules (table 1). The prevalence of smoke-free rules 
by smoking status was highest among former smokers 
(58.4%), followed by never smokers (56.4%), then 
current smokers (14.3%). We found that 49.1% of e-cig-
arette ever users had smoke-free rules. Whereas, 55.1% 
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(95% CI=53.9% to 56.2%) of respondents had home 
smoke-free rules, and 62.4% (95% CI=61.2% to 63.5%) 
of respondents had car smoke-free rules (online supple-
mentary table S1).

Table 1 shows PRs of home and car smoke-free rules 
among total subjects. Respondents who were ‘female’, 
‘never married’, agreed with ‘smoking relieves stress’, 
agreed with ‘in general, what is sold to the public is safe’, 
‘current smokers’ and ‘electronic device ever user’ had 
significantly lower PRs of comprehensive home and car 
smoke-free rules than the reference category. Respon-
dents who had ‘higher education’ and were living with 
children had significantly higher PRs of comprehensive 
home and car smoke-free rules than the reference cate-
gory. Online supplementary table S1 also shows PRs of 
home or car smoke-free rules among total subjects.

Results stratified by tobacco use status (never, former 
and current smoker, and e-cigarette ever user) are shown 
in table 2 and by sex or living with children (male, female 
and living with or without children) in table 3. Among 
all tobacco users, people who agreed with ‘smoking 
relieves stress’ had significantly lower PRs for compre-
hensive home and car smoke-free rules. Higher educa-
tion attainments were significantly associated with higher 
PRs for smoke-free rules except for former smokers and 
electronic device ever-users. Differences across tobacco 
user status were observed in some characteristics. Living 
with children was significantly associated with a higher 
PR for smoke-free rules than not living with children, 
among current smokers. Ever-users of electronic devices 
had significantly lower PRs than non-users, for home and 
car smoke-free rules among never and former smokers. 
Online supplementary tables S2 and S3 for home smoke-
free rules also show results stratified by tobacco use status 
and sex or living with children, respectively. Online 
supplementary tables S4 and S5 for car smoke-free rules 
show results stratified by tobacco use status and sex or 
living with children, respectively.

DIsCussIOn
To the best of our knowledge, this is the first study to 
examine the prevalence and predictors of voluntary 
home and car smoke-free rules in Japan. Even among 
non-smokers, coverage of voluntary smoke-free rules 
(56.4%) is far from complete and much lower than 
that in the USA (85%).26 The estimated proportion 
of households with home and car smoke free rules in 
Japan (55.1% or 62.4%) was lower than that observed 
in a previous study in the USA (83.7% or 78.1%),12 but 
higher than that in Spain (45.6% or 61.6%).27 The esti-
mated proportion of current smokers who implemented 
smoke-free rules in their homes in Japan (23.5%) was 
lower than in Australia (34.1%), Canada (27.3%) and 
the USA (26.4%), but higher than in the UK (15.3%).28 
In households with smokers, children in particular suffer 
from SHS inhalation in homes and cars.29 In the present 
study, living with children is significantly associated with 
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comprehensive home and car smoke-free rules among 
current smokers. This may suggest that smokers are 
aware of the harm tobacco caused by tobacco and restrict 
smoking to protect their children.30 Previous studies 
have reported that smokers who know about the harmful 
effects of SHS were more likely to have smoke-free home 
or car rules.13 28 31 Public health campaigns are therefore 
necessary to heighten the public perception of the harm-
fulness of exposure to SHS in private spaces and, as a 
result, increase voluntary adoption of smoke-free home 
and car rules.32

Recently, novel electronic nicotine delivery systems 
such as heat-not-burn tobacco and e-cigarettes have been 
introduced to the Japanese market.20 Use of these prod-
ucts is considered in the present study under the heading 
‘electronic devices use status’. Our findings suggest that 
use of electronic devices use might impede the introduc-
tion of smoke-free rules at home and in the car (this is 
the first report to suggest these associations). A previous 
study that examined the determinants of home and car 
smoke-free rules among e-cigarette and combustible ciga-
rette users reported the home smoke-free rate among 
e-cigarette users (82.5%). However, this study did not 
report the association between e-cigarette use and imple-
mentation of smoke-free rules for the home and the car.12

The finding that women are less likely to have smoke-
free rules concurs with the previous study.12 Although 
pregnant women are not covered by the Tokyo home and 
car smoke-free legislation, protecting them is desirable.

Several attitudes towards smoking were also associated 
with home and car smoke-free rules. Previous studies 
have revealed that smokers who did not believe ciga-
rette smoke was dangerous and could cause lung cancer 
in non-smokers were more likely to smoke at home and 
in the car with non-smokers.13 28 31 Further, many people 
believe ‘smoking relieves stress’. This is, however, a false 
belief,33 created by the tobacco industry who funded 
psychological researchers such as Hans Selye.34 If nico-
tine-dependent people are deprived of the drug, they 
are stressed until the moment they smoke a cigarette and 
satisfy the craving, hence the feeling of relief. We have to 
educate the public about stress and smoking public. This 
may lead to better understanding about tobacco prod-
ucts, as well as the implementation of smoke-free rules 
in homes.

There are several limitations to this study. First, due to 
the cross-sectional nature of the study, conclusions can 
only be made about associations (not causality) between 
variables and smoke-free rules. Second, data were self-re-
ported without validation testing. In some cases, smoke-
free rules in homes and cars might be ambiguous, 
especially if there are no smokers in the family. Our 
analysis does not include variables on whether smokers 
are living together, although this variable has often been 
used in previous studies. Third, the measures for smoking 
status were not ideal. We did not collect information on 
whether respondents had smoked more than 100 ciga-
rettes in their lifetime as a cut-off for regular smoker.

COnClusIOn
About 50% of the Japanese population had home and 
car smoke-free rules, although these private spaces have 
not been included in the smoke-free legislation. This 
information will be useful as a baseline on home and car 
smoke-free status before the enforcement of the 2018 
Tokyo home and car smoke-free legislation.
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