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line with a previous study*’ and confirmed by an additional
result that no significant interaction term between year and
income was found in the GEE analyses for cessation. As for
relapse, when the tobacco price increased, it was only signifi-
cantly associated with prevention of relapse in the lowest
income subgroup (figure 2).

Further, we observed no effect modification of the price
increase on either cessation or relapse by sex in this study
(figures 1 and 2), which is in line with the results from a review
paper that reported no clear evidence for differential effects by
sex.” This is possibly because this study did not include the
younger generation who are likely to stop smoking when spe-
cific events occur such as pregnancy or childcare.”” As for
number of cigarettes smoked per day, the price increase was not
significantly associated with increased cessation in the subgroup
of heavy smokers (31 or more cigarettes smoked per day),
although the point estimate was positive. In all other subgroups
of fewer cigarettes smoked per day, the price increase was sig-
nificantly associated with cessation (figure 1).

Interestingly, differential impacts of the price increase on
relapse were observed according to baseline characteristics such
as recent quitter or long-term quitter, level of household income
and self-rated health. Consistent with previous studies,*® recent
quitters were more likely to relapse than long-term quitters.
However, we found that, when the price increased (figure 2), it
was significantly associated with prevention of relapse among
recent quitters; the same was not true for long-term quitters,
although the relapse rate among recent quitters was high, even
in 2009-2010 (15.096). Similarly, quitters with very poor self-
rated health had a significantly higher association with relapse
than those with excellent health. When the price increased, it
was only significantly associated with prevention of relapse in the
very poor health subgroup, although point estimates of <1 AOR
were observed in all other health subgroups. Taken together, our
findings suggest the existence of several high-risk subgroups (eg,
heavy smoker and short-term quitter) for tobacco control.

Policy implications

During the period 2009-2010, smoking prevalence decreased
(from 27.2% to 24.5%) at the same time as the 2010 tobacco
price increase. However, in 2011, there was a slight increase to
25.1%. The notion of ‘hardening’ among smokers must also be
taken into consideration. After some smokers who were less
dependent and found it easier to quit have done so, the remain-
ing smokers may become less likely to quit over time, that is,
hardening.”® However, since the trend of the period was not
significant for either cessation or relapse in both weighted and
unweighted analyses, no evidence of a hardening in smokers
was obtained. The entire distribution of smoking volume shifted
down over time (table 1). This might be a key step in moving
towards cessation. Although this study did not investigate long-
term cessation, it is important to determine whether smokers
successfully quit in the long term or not. Further studies to
investigate long-term changes including cessation or reduction
in the number of cigarettes smoked per day will be required in
the future.

In recent years, the price of tobacco in Japan has been consid-
ered very low according to the affordability index.*® Cigarettes
were more affordable in Japan than in any other developed
countries surveyed in 2009; the price of a pack of 20 cigarettes
could be earned in 11.5 min compared with 30 min in many
other countries.”” After the 2010 price increase, this figure rose
slightly (to around 16 min) but remained low compared with
other countries.

Our current findings suggest that we need to consider the
stages of tobacco control policy in Japan. The early stages of
public health interventions, such as health information cam-
paigns, often cause health equity problems.*® The inverse equity
bypothesis’® avers that such interventions disproportionately
benefit the wealthy, so there is an initial increase in inequality
(early stage). Deprived sections of society catch up after the
affluent have gained maximum benefit (late stage). Although the
tobacco price increased in 2010 in Japan, the low price may
mean that the ‘early stage’ of the tobacco price intervention will
continue. Further price increases may thus be necessary to alle-
viate health inequalities.

In the Japanese health promotion strategy, Health Japan 21
(Second version), government ask for reduction of both
smoking prevalence and health in equality (including smoking
inequality).”* This study identified high-risk populations for
tobacco control, that is, groups that are less sensitive to tobacco
price increase, although they may respond to further higher
tobacco price increases. Since some subgroups are less likely to
quit smoking or continue to not smoke, even if the tobacco
price is increased by up to 37%, and furthermore respond
slowly to price increases, additional tobacco control measures
targeting the high-risk subgroups may be required.

Limitations

There are several limitations to the study. First, the smoking
variables were self-reported without biomarker validation;
however, the quality of the self-reporting was generally
high.>*> ** Second, unmeasured factors such as tax avoidance
and product substitution based on a wide price range may have
biased the estimated effect.! ** However, tax avoidance is likely
to be low in this setting; Japan’s island nation status makes it
difficult to avoid tax across national borders. Although low-
price tobacco products (eg, the cheap Echo brand) gained
market share in Japan after 2010, according to the tobacco
industry’s reports,* the increase was small (0.5% from 2010 to
2011). Therefore, the impact of product substitution may be
trivial. Third, we considered the income of the respondents and
their spouses, if available, since the income of other family
members could not be obtained from the survey. It should be
noted that household income, as defined in this study, probably
underestimated household income.**

What is already known on thls top|c7

» The impact of tobacco price increases on smokmg behav10ur
in different social groups has been investigated; mixed
results have been reported for differences in gender,
occupation and education subgroups.

» Since few previous studies focused on the impact of price on-
relapse, longitudinal studies that have examined the effect
of tobacco price on both cessation and relapse are scarce.

What this study adds? -

> Of all the factors surveyed, only the tobacco price increase in
2010 was significantly associated with cessation (1 00%
increase) and relapse (40% decrease).

» The tobacco price rise was associated with favourable
smoking changes in nearly al population subgroups.
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CONCLUSION

Since recent quitters are likely to relapse, it is important to
enhance both promotion of cessation and prevention of relapse.
We confirmed that tobacco price rises were significantly asso-
ciated with increasing cessation among smokers and decreasing
relapse among quitters concurrently.' Furthermore, this price
rise was associated with favourable smoking changes in nearly
all population subgroups; a large differential impact was not
observed across the various subgroups.
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ABSTRACT

Background and Aims In addition to some electronic cigarettes (e-cigarettes), new heat-not-burn tobacco products
Ploom and iQOS have recently begun to be sold by tobacco companies. These products are regulated differently in Japan,
depending on whether the contents are liquid or tobacco leaf. Qur objective was to estimate percentages of awareness and
use of e-cigarettes and heat-not-burn tobacco products among the Japanese population, including minors. Design and
Setting An internet survey (randomly sampled research agency panellists) with a propensity score adjustment for
“being a respondent in an internet survey” using a nationally representative sample in Japan. Participants A total of
8240 respondents aged 15-69 years in 2015 (4084 men and 4156 women). Measurements Adjusted percentages of
awareness and use of e-cigarettes (nicotine or non-nicotine e-cigarettes) and heat-not-burn products among total
participants; product types and percentages ever used among e-cigarettes ever users. Findings Of respondents in Japan,
48% [95% confidence interval (CI) = 47-49] were aware of e-cigarettes and heat-not-burn tobacco products, 6.6% (95%
CI = 6.1-7.1) had ever used, 1.3% (95% CI = 1.0-1.5) had used in the last 30 days and 1.3% (95% CI = 1.1-1.6) had ex-
perience of > 50 sessions. Seventy-two per cent (95% CI = 69-76) of ever users used non-nicotine e-cigarettes, while 33%
(95% CI = 30-37) of them used nicotine e-cigarettes, which has the majority share world-wide; 7.8% (95% CI = 5.5-10.0)
and 8.4% (95% CI = 6.1-10.7) of them used the new devices, Ploom and iQOS, respectively, with a relatively higher percent-
age among the younger population. Conclusions Approximately half the respondents in a Japanese internet survey were
aware of e-cigarettes and heat-not-burn tobacco products, 6.6% had ever used. More than 70% of ever users used non-
nicotine e-cigarettes, the sale of which is not legally prohibited, even to minors, in Japan, and 33% of them used nicotine
e-cigarettes; 3.5% of never smoking men and 1.3% of never smoking women had ever used e-cigarettes. Corresponding
figures for use in the last 30 days were 0.6% and 0.3%, predominantly non-nicotine e-cigarettes.

Keywords Awareness, electronic cigarettes, heat-not-burn tobacco products, iQOS Japan, Ploom, use.
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INTRODUCTION

Electronic cigarettes (e-cigarettes) are battery-operated de-
vices that contain an inhalation-activated mechanism that
heats a cartridge, producing vapour [1-4]. Since their first
introduction to the market in 2004, a rapid growth has
been seen in the global market and some organizations
have expressed concern over their effects on health
[2,4,5]. Some experts have suggested that these products
could help smokers to move from combustible to non-
combustible and less harmful sources of nicotine: nicotine
e-cigarettes may help smokers to stop smoking compared

© 2015 Society for the Study of Addiction

with non-nicotine e-cigarettes, although this finding was
based on a small number of studies [6].

Recently, transnational tobacco companies, such as
Japan Tobacco (JT) and Philip Morris (PM), have entered
the e-cigarettes market and are competing aggressively
with the independent companies to gain market share
[4,5]. In December 2013 JT started to sell a new heat-
not-burn tobacco product, Ploom, that vaporizes tobacco
leaf, and additionally acquired a leading UK e-cigarette
company, Zandera Ltd, which owns the E-Lites brand [4].
PM developed a new heat-not-burn tobacco product, iQ0S,
that heats tobacco, and have been selling this product in
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Japan since November 2014, sooner than other countries.
Thus, recently, multiple types of these products have be-
come available in the Japanese market-place, including
nicotine e-cigarettes, non-nicotine e-cigarettes, Ploom
and iQOS. These products are regulated differently in
Japan, depending on the contents of liquid or tobacco leaf.
The sale of nicotine e-cigarettes as a pharmaceutical product
has been banned by the Pharmaceutical Affairs Act since
2010, because nicotine e-cigarettes deliver nicotine which
is subject to control. However, non-nicotine e-cigarettes
are available to the public, even to minors, because there is
no regulation for non-nicotine e-cigarettes in Japan. Con-
versely, Ploom and iQOS are sold as tobacco products and
regulated by the Tobacco Industries Act, an old but active
law to promote the development of tobacco industries in
Japan, because some components of these products are
made by tobacco leaf. It is unclear what this regulatory situ-
ation means for the e-cigarettes market. However, the to-
bacco companies may intend to promote these products to
young, non-tobacco users to create a new form of tobacco
consumption in the face of declining cigarette use [7].

Although the World Health Organization (WHO) has
recommended that governments conduct surveillance to
assess e-cigarette use [5], there has been no surveillance
in Japan. Furthermore, WHO also suggested that retailers
should be prohibited from selling e-cigarette products to
minors [5], but the sale of non-nicotine e-cigarettes is not
prohibited legally, even to minors, in Japan. Therefore,
our objective for this study was to estimate percentages of
awareness and use of e-cigarettes and heat-not-burn
tobacco products among the Japanese population (aged
15-69 years). Furthermore, we report on product types
and the percentages ever used among ever users.

METHODS
Internet survey

The internet was estimated to be accessible to 82.8% of
the Japanese population in 2013 [8]. This large propor-
tion enables researchers to use the internet to engage
numerous survey participants from a wider population
range, in a shorter period of time, at lower cost, than
conventional surveys such as in-person interviews and
mail-outs.

The survey was conducted between 31 January and 17
February 2015 among the first 9000 respondents (actu-
ally 9055, including concurrent excess 55); i.e. 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. They were
invited to participate in the survey from a large survey
panel managed by a major nation-wide internet research
agency, Rakuten Research [9]. The overall size of the sur-
vey panel at the time of the survey was 2 278 733 people,
of whom 53.9% were male. The panel members were
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skewed, but covered all social categories (such as educa-
tion, housing tenure and marital status) defined by the
Census in Japan. The age distribution of the survey
panel was 1.2% for 10-19, 13.1% for 20-29, 34.0% for
30-39, 30.8% for 40-49, 14.5% for 50-59 and 5.0% for
60-69 years [9]. The survey panel consisted of people re-
cruited initially through services managed by the research
agency group. At the time of registration, they were re-
quired to provide information such as sex, age, occupation
and residence, and to agree that they would participate in
different research surveys.

In this survey, the panellists were asked about their
awareness and use of e-cigarettes and heat-not-burn to-
bacco products with some demographic, socio-economic
and health-related factors. The survey requests were sent
by the research agency to the panellists, who were selected
by each sex and age category using simple random sam-
pling. The panellists who consented to participate in the
survey accessed the designated website and responded to
the survey. The panellists had the option to not respond
to any part of the questionnaire and the option to discon-
tinue the survey at any point. The survey was closed when
the target numbers of respondents for each sex and age
category were met. The participation rate [10] for the sur-
vey was 8.5% (9055 of 106 202).

Measures

Awareness and use of e-cigarettes and heat-not-burn tobacco
products

Respondents who answered ‘yes’ to the question: Are you
aware of e-cigarettes?” were considered to be aware of e-
cigarettes and heat-not-burn tobacco products. Panellists
were asked about their use of each of the following prod-
ucts: nicotine e-cigarettes, non-nicotine e-cigarettes, e-
cigarettes with unknown nicotine content, Ploom and
iQO0S, using the question: ‘Please choose your current sta-
tus for each product’, and the response options were ‘never
user’, ‘former non-regular user’, ‘former regular user’ and
‘current user’. The latter three responses were combined
and defined as ‘ever user’ of each product. Respondents
who reported ever use (at least once) of at least one type
of product (of the above-mentioned five products) were
considered ever users of these products. Regarding recent
use and amount of usage according to previous studies
reporting prevalence of e-cigarette use [11,12], in the pres-
ent study we reported products used in the last 30 days and
more than 50 sessions of ever use. Those who reported a
number greater than zero (i.e. one to 30) for the question:
‘During the past 30 days, on how many days have you used
e-cigarettes?” were defined as products used in the last
30 days [11]. Ever users were asked: Approximately 15
puffs during10 minutes is defined as one session. How many
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e-cigarette sessions have you had in your life?’. Those who
answered ‘more than 50 sessions’ were defined as more
than 50 sessions of ever use [11]. Before these questions,
we added an explanatory note that e-cigarettes include nic-
otine or non-nicotine e-cigarettes, Ploom and iQOS.

Combustible tobacco (smoking status)

Panellists were also asked: ‘Please choose your current sta-
tus for paper-wrapped and roll-your-own cigarette sepa-
rately’, and the response options were ‘never user’,
‘former non-regular user’, ‘former regular user’ and
‘current user’. Respondents who currently smoked com-
bustible tobacco (paper-wrapped and/or roll-your-own cig-
arette) 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.

Other variables

Area blocks (residence) defined by the National Population
Mobility Survey conducted by the Japanese Ministry of
Health, Labour and Welfare, marital status (married, never
married, widowed and divorced), education [less than
high-school, high school, technical or junior college, uni-
versity (4 years) and graduate college], housing tenure
(home-owner or not), occupation (regular employee, self-
employed, executive officer, part-time/contract employee,
full-time homemaker, retired, student and unemployed)
and self-rated health (excellent, very good, good, fair, poor)
were collected from the internet survey as well as a nation-
ally representative survey (explained below).

Management of data discrepancies

Questions about the number of total household members
were used to detect respondents with discrepancies. Re-
spondents were asked for the total number of household
members and each number of household members in each
age group separately. Thus, we could identify any discrep-
ancies in their responses (n = 644) to assess the data qual-
ity. In addition to discrepancies, artificial unnatural
responses were found in some cases (n = 274); i.e. respon-
dents who all chose the same option in some questions that
had more than 10 items. Thus, we excluded respondents
with discrepancies or artificial unnatural responses
(n = 815) from our analyses.

Statistical analyses

Although internet surveys have several advantages com-
pared to traditional surveys, their greatest potential draw-
back is that they may not be representative of the
population of interest because the subpopulation with ac-
cess to the internet may be specific. Previous studies have

© 2015 Society for the Study of Addiction
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suggested that the adjusted estimates using inverse proba-
bility weighting (IPW) obtained from a propensity score
(calculated by logistic regression models using basic demo-
graphic and socio-economic factors such as education and
housing tenure) from an internet-based convenience sam-
ple provide similar estimates of parameters, or at least
reduced the differences compared to probability sample-
based estimates [13-15]. Therefore, [IPW-adjusted esti-
mates rather than simple internet survey estimates are
presented as the main results in this study. To correct for
the selectivity of internet-based samples, we used a proba-
bility sample that is representative of the Japanese popula-
tion from the Comprehensive Survey of Living Conditions
of People on Health and Welfare (CSLCPHW) [16]. Data
from two surveys (internet survey and CSLCPHW) were
pooled (combined) and used for a logistic regression model
with all the above-mentioned covariates to estimate the
probability of ‘being a respondent in an internet survey’,
i.e. propensity score. Because internet surveys set an a
priori sample size according to sex and age group stratifica-
tion (sex X age groups = 12 strata), we calculated the pro-
pensity score separately for each stratum. Data from the
2010 CSLCPHW were used as this survey reported
smoking status in minors which was not available in
2013. Detailed methods (e.g. participation rate and data
management) are available in the Supporting information.

We presented unweighted and weighted percentages of
awareness and use of e-cigarettes and heat-not-burn to-
bacco products among all the respondents according to
sex, age group and smoking status. Furthermore, we
showed percentages ever used of the above-mentioned five
types of products among ever users, because in Japan these
products have different legal regulation conditions. Ad-
justed percentages were shown with 95% confidence inter-
vals (CIs) that were calculated by Wald and exact methods.

The study was reviewed and approved by the Research
Ethics Committee of the Osaka Medical Center for Cancer
and Cardiovascular Diseases. All statistical analyses were
performed using SAS version 9.2 (SAS Institute Inc., Cary,
NC, USA).

RESULTS

After excluding respondents with a discrepancy, 8240 sub-
jects remained. The characteristics of the study subjects be-
fore and after adjusting for ‘being a respondent in an
internet survey’ are shown in the Supporting information,
Table S1.

Table 1 shows the percentage (%) of awareness and use
of e-cigarettes according to sex, age group and smoking
status in Japan after weighting (see Supporting informa-
tion, Table S2 for ‘before weighting'). The distribution of
smoking status according to sex and age group is also
shown. After weighting, percentages of current smokers
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Table 1 Adjusted percentages of e-cigarettes and heat-not-burm tobacco products used according to sex, age groups and smoking status (combustible tobacco) in Japan.

Combustible tobacco,® current smoker (%)

E-cigarettes and heat-not-burn tobacco products,® % (95% CI)

Population-based
n % Unadjusted Adjusted survey® Awareness Ever use Use in the last 30 days Use of >50 sessions

Both sexes 8240 100 134 20.5 48.0 (46.9,49.1) 6.60 (6.06, 7.13) 1.29 (1.04, 1.53) 1.33(1.08, 1.58)
Men
Total 4084 49.6 189 315 53.2(51.6, 54.7) 9.17 (8.29, 10.1) 1.70 (1.30, 2.09) 2.04 (1.61, 2.48)
Age groups (years)

15-19 443 10.8 3.6 3.6 3.8 55.9 (51.2, 60.5) 5.75(3.58, 7.91) 2.59(1.11, 4.07) 1.14(0.15, 2.12)
20-29 720 17.6 13.8 29.4 36.5 52.3 (48.6, 55.9) 12.5(10.1, 14.9) 3.81(2.41, 5.20) 1.69 (0.75, 2.64)
30-39 728 17.8 20.6 40.6 434 56.3 (52.7, 59.9) 12.7 (10.3, 15.1) 1.87(0.88, 2.85) 3.13 (1.86, 4.39)
40-49 740 18.1 254 38.5 40.9 49.8 (46.2, 53.4) 11.3 (9.00, 13.6) 1.49 (0.62, 2.36) 3.40 (2.10, 4.71)
50-59 722 17.7 25.6 36.4 394 52.5(48.8, 56.1) 5.32 (3.69, 6.96) 0.35 (0.00, 0.77) 0.87 (0.20, 1.55)
60-69 731 17.9 18.3 294 31.2 53.4 (49.8, 57.0) 6.12 (4.38, 7.85) 0.46 (0.00, 0.95) 1.64 (0.72, 2.56)
Smoking status

Never smokers 2157 52.8 44.2 (41.9, 46.5) 3.51 (2.66,4.36) 0.60 (0.24, 0.95) 0.10 (0.00, 0.25)
Former smokers 1155 283 52.7 (49.6, 55.8) 7.70 (6.04, 9.35) 1.75 (0.93, 2.56) 1.53 (0.77, 2.29)
Current smokers 772 18.9 66.2 (63.6, 68.7) 18.3 (16.1, 20.4) 3.20(2.24, 4.16) 5.17(3.96, 6.38)
Wormen
Total 4156 50.4 8.0 9.7 429 (41.4, 44.4) 4.07 (3.47,4.67) 0.88 (0.60, 1.17) 0.63 (0.39, 0.87)
Age groups (years)

15-19 438 105 1.8 1.5 14 48.0 (43.3, 52.7) 3.09 (147, 4.71) 0.67 (0.00, 1.43) 0.00 (0.00, 0.84)
20-29 742 17.9 6.6 109 13.0 48.1 (44.5, 51.7) 7.10 (5.25, 8.95) 2.19(1.13, 3.24) 0.97 (0.27, 1.68)
30-39 737 17.7 8.5 13.6 15.6 39.6 (36.1, 43.1) 4.37 (2.89, 5.84) 1.17 (0.39, 1.95) 0.49 (0.00, 0.99)
4049 747 18.0 11.0 13.1 154 43.3(39.8, 46.9) 3.63 (2.29, 4.98) 0.44 (0.00, 0.92) 0.50 (0.00, 1.01)
50-59 739 17.8 11.6 8.8 13.7 40.9 (37.3,44.4) 2.92 (1.70,4.13) 0.28 (0.00, 0.67) 0.57 (0.03,1.11)
60-69 753 18.1 6.1 7.2 8.3 39.5(36.1, 43.0) 2.93(1.72,4.13) 0.47 (0.00, 0.96) 0.96 (0.27, 1.66)
Smoking status

Never smokers 3232 77.8 37.0(35.3,38.7) 1.25(0.86, 1.64) 0.27 (0.09, 0.45) 0.10 (0.00, 0.21)
Former smokers 590 14.2 56.4 (52.5, 60.4) 8.94 (6.68,11.2) 1.68 (0.66, 2.69) 0.92(0.17, 1.68)
Current smokers 334 8.0 68.1 (63.5, 72.6) 18.5(14.8, 22.3) 4.44 (2.44, 6.45) 424 (2.27, 6.20)

“Combustible tobacco include paper-wrapped and roll-your-own cigarette; he-cigarettes and heat-not-burn tobacco products include nicotine e-cigarettes, non-nicotine e-cigarettes, e-cigarettes with unknown nicotine, Ploom and iQOS;
“percentages of current smokers by age groups from a population-based survey, i.e. the CSLCPHW: in both sexes, figures for 15-19 years were from 2010 CSLCPHW and those for other years were from 2013 CSLCPHW. E-cigarettes = electronic

cigarettes; CI = confidence interval; CSLCPHW = Comprehensive Survey of Living Conditions of People on Health and Welfare.
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by age group became considerably closer to those of a
population-based survey (CSLCPHW). Hereafter, we fo-
cused on the estimates after weighting in the study.

A total of 48.0% [95% confidence interval
(CI) = 46.9-49.1] of respondents (both sexes) were
aware of e-cigarettes and heat-not-burn tobacco prod-
ucts (53% for men and 43% for women). Although no
large difference in awareness can be seen across age
groups, current smokers (66—-68%) were more aware
of these products than never smokers (37-44%);
6.60% (95% CI = 6.06-7.13) of respondents (both
sexes) had ever used these products (9.2% for men and
4.1% for women). With regard to age group, ever use
of these products was relatively high among men
aged 20-49 years (11.3-12.7%) and women aged
20-29 years (7.1%). While ever use among never
smokers was 3.5% for men and 1.3% for women, ever
use among current and former smokers was 18.3%
and 7.7% for men and 18.5% and 8.9% for women, re-
spectively; 1.29% (95% CI = 1.04-1.53) of respondents
(both sexes) had used these products in the last 30 days
(1.7% for men and 0.9% for women). The younger
population had a relatively higher rate of use in the last
30 days, although the rate among female teenagers
decreased to 0.7% after weighting. Use in the last
30 days among current smokers was 3.2% for men
and 4.4% for women. Of the respondents (both sexes),
1.33% (95% CI = 1.08-1.58) had had > 50 sessions of
ever use (2.0% for men and 0.6% for women). A
relatively higher proportion of > 50 sessions ever use
was observed among men aged 30-49 years (3.1% for
those in their 30s and 3.4% for those in their 40s) and
current smokers (5.2% for men and 4.2% for women).
Regarding smoking status-stratified results, there is no
difference between men and women.

The product types and the percentages ever used of e-
cigarettes and heat-not-burn tobacco products among
ever users are shown in Table 2. A total of 72.3% (95%
Cl = 68.6-76.1) of ever users used non-nicotine e-
cigarettes in both sexes; 33.4% (95% CI = 29.5-37.4)
used nicotine e-cigarettes (except for Ploom and iQOS)
in total. Of these, 14.5% (95% CI = 11.5-17.4) used e-
cigarettes with unknown nicotine content, while 7.8%
(95% CI = 5.5-10.0) and 8.4% (95% CI = 6.1-10.7)
used Ploom and iQOS, respectively. The sum of these per-
centages in the table rows exceeds 100% because of the
use of multiple products. More than 30% of ever use of
multiple products was observed in some categories, such
as those respondents in the 20s age group and former
smokers of both sexes (data not shown). In line with this,
more than 10% of the younger population and former
smokers used Ploom and iQOS, although the percentage
of total subjects was not large (less than 2%; Supporting
information, Table S2).
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DISCUSSION

This is the first study, to our knowledge, to estimate aware-
ness and use of e-cigarettes and heat-not-burn tobacco
products in Japan. Among Japanese men and women aged
15-69 years, approximately half (48%) were aware of e-
cigarettes and heat-not-burn tobacco products, 6.6% had
ever used, 1.3% used in the last 30 days and 1.3% had
more than 50 sessions of ever use. More than 70% of ever
users used non-nicotine e-cigarettes, which are not regu-
lated legally in Japan, while 33% used nicotine e-cigarettes,
which are prohibited by pharmaceutical law in Japan but
have a majority share world-wide [3,17]; 7.8% and 8.4%
used the new devices, Ploom and iQOS, respectively. These
devices have been developed recently by tobacco compa-
nies and are sold as tobacco products. This result may show
the importance of the regulatory situation in Japan. Appro-
priate regulation for e-cigarettes and heat-not-burn to-
bacco products should vary by country, because there are
large differences in both underlining tobacco control efforts
and tobacco consumption across countries [5,18]. The fea-
sibility at country level of these products’ regulation will
depend upon complex country-specific factors, including
the existing regulatory frameworks. Because the Japanese
government has prohibited nicotine e-cigarettes since
2010, these products might be relatively unused in Japan.
The percentages trying products might reflect the differen-
tial regulations across the product categories.

Our estimated figures in the main results were obtained
by adjusting the bias of ‘being a respondent in an internet
survey’ using IPW methods [13-15]. After weighting, per-
centages of current smokers by age group became consid-
erably closer to those of a population-based survey
(CSLCPHW). This is natural, because adjustment proce-
dures do what they are designed for: i.e. they achieve bal-
ance for the set of covariates used in constructing the
weights. However, because combustible cigarette smoking
has been associated strongly with use of e-cigarettes in var-
ious previous studies [1,3,12], this adjustment for smoking
status was important to estimate use of e-cigarettes. Ac-
cording to this adjustment and previous knowledge of this
method [13], we believe that IPW-based weighted esti-
mates would be closer to those of the general population
than unweighted estimates.

To the best of our knowledge, independent evidence on
the use of e-cigarettes among the general population
(including never smokers) was scarce. Awareness of e-
cigarettes in Japan (48% in 2015, although the current
study includes heat-not-burn tobacco products) was lower
than that in the past in the United States (58% in 2011
[19], 78% in 2013 [12] and 90% in 2014 [4]) and higher
than that in Indonesia (10.9% in 2011 [20]). Current
smokers (66—-68%) were more aware of e-cigarettes than
never smokers (37—44%) in Japan, and similar results were
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Table 2 Product types and the percentage ever used (%) (i.e. total ever users = 100%) of e-cigarettes and heat-not-burn tobacco products
according to sex, age groups and smoking status in Japan (weighted results).

Product types and the percentage ever used (95% CI) of e-cigarettes and heat-not-burn tobacco products

Nicotine Non-nicotine E-cigarettes with
n e-cigarettes® e-cigarettes" unknown nicotine Ploom (JT)° iQ0S (PM)°
Both sexes 544 33.4(29.5,37.4) 72.3 (68.6,76.1) 14.5(11.5,17.4) 7.8 (5.5, 10.0) 8.4(6.1,10.7)
Men
Total 375 32.9(28.1,37.6) 71.7 (67.1, 76.2) 15.7 (12.0, 19.3) 7.9 (5.1, 10.6) 8.2(54,11.0)
Age groups (years)
15-19 25 25.7(8.8,42.7) 89.7(77.9,100.0)  4.3(0.0,12.1) 18.0 (3.1, 33.0) 19.8 (4.3, 35.3)
20-29 90 38.9(28.8,49.0) 75.9 (67.1, 84.8) 6.1(1.2,11.1) 13.7 (6.6, 20.8) 11.8(5.1, 18.5)
30-39 92 36.8(27.0,46.7) 64.0 (54.3, 73.8) 24.1 (154, 32.8) 12.6(59,194) 14.5(7.3,21.7)
40-49 83 27.8(18.2,374) 67.5(57.5,77.5) 17.8 (9.6, 26.0) 0.2 (0.0, 1.2) 0.0 (0.0, 4.4)
50-59 38 43.2(27.6,589) 65.4(50.3, 80.4) 24.6(11.0, 38.3) 1.8 (0.0, 6.0) 3.1(0.0, 8.5)
60-69 45 17.1(6.1, 28.2) 81.7 (70.4, 93.1) 12.1(2.5,21.7) 0.0(0.0,7.9) 0.8 (0.0, 3.3)
Smoking status
Never smokers 63 23.4(12.9,33.8) 78.5 (68.4, 88.6) 14.5 (5.8,23.1) 4.2 (0.0,9.1) 3.6(0.0,8.2)
Former smokers 77 40.0(29.0, 51.0) 72.5(62.5, 82.5) 18.9 (10.1, 27.6) 15.9 (7.7, 24.1) 16.2 (7.9, 24.5)
Current smokers 235 33.1(27.1,39.1)  69.6(63.7, 75.5) 14.9 (104, 19.5) 6.2 (3.1,9.3) 6.8 (3.6, 10.0)
Women
Total 169 34.7 (27.5,41.8) 73.8(67.2, 80.5) 11.9 (7.0, 16.7) 7.6 (3.6, 11.6) 8.9 (4.6, 13.2)
Age groups (years) .
15-19 14 19.9 (0.0, 41.2) 81.8 (61.2, 100.0) 8.3 (0.0, 23.1) 14.0 (0.0, 32.5) 16.3 (0.0, 36.0)
20-29 53 65.6(52.8,78.4) 70.7 (58.4, 83.0) 6.3 (0.0,12.9) 16.2(6.2,26.1)  20.1(9.3,30.9)
30-39 32 25.6(10.5,40.7) 73.2(57.9, 88.5) 16.1 (3.4, 28.9) 5.5(0.0,13.3) 5.5(0.0,13.3)
40-49 27 12.7(0.2, 25.3) 71.5 (54.5, 88.5) 23.6 (7.6, 39.6) 0.0 (0.0,12.8) 0.0 (0.0, 12.8)
50-59 22 28.3(93,474) 67.2(47.4,87.1) 6.0 (0.0, 16.0) 0.8 (0.0, 4.6) 0.0(0.0, 15.4)
60-69 22 16.1(0.8,31.5) 86.7 (72.5, 100.0) 12.3 (0.0, 26.1) 2.1 (0.0, 8.1) 2.1(0.0,8.1)
Smoking status
Never smokers 39 27.2(13.2,41.1) 77.8 (64.8, 90.8) 3.9 (0.0, 10.0) 1.7 (0.0, 5.6) 1.7 (0.0, 5.6)
Former smokers 55 39.0(26.1,51.9) 81.0(70.6,91.4) 11.8(3.3,20.4) 16.9 (7.0, 26.8) 17.4 (7.4, 27.5)
Current smokers 75 35.4(24.6,46.3) 66.5(55.8,77.2) 16.1 (7.7, 24.4) 3.9(0.0, 8.3) 6.4(0.9,11.9)

Sales are legally prohibited by the ‘Pharmaceutical Affairs Act’ in Japan: this product is available by import by an individual; "sales are not regulated legally
even in minors in Japan; °sales are regulated legally by the *“Tobacco Industries Act’ that aims at promoting sound development of the tobacco industry of
Japan, although sales for minors are banned by this law. Sum of percentages in row exceeds 100% because of multiple use. E-cigarettes = electronic cigarettes;

CI = confidence interval; JT = Japan Tobacco; PM = Philip Morris.

observed in Great Britain (41% for never smokers and
75-80% for current smokers; this study provided
only smoking status-stratified results) [21]. In  line
with this, more current and former smokers had ever used
e-cigarettes than never smokers. Both use in the last 30 days
and more than 50 sessions use of e-cigarettes among
current smokers were higher than those among never
smokers. These results might be due to following reasons.
First, although the effectiveness of e-cigarettes as smoking-
cessation support has not been proven [2,5], e-cigarettes
have been sold as smoking-cessation auxiliary goods.
Secondly, because the term ‘cigarette’ had been used for
‘e-cigarette’ in marketing, smokers might have recognized
the term ‘e-cigarette’ more frequently than never smokers.

Ever use of e-cigarettes in Japan (6.6%) was not much
lower than that in the past in the United States (1% in
2009, 2-3% in 2010 [1] and 8.5% in 2013 [12]). E-
cigarette use in the last 30 days in Japan (1.3%; although
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the current study includes heat-not-burn tobacco prod-
ucts) was higher than that in Indonesia in 2011 (0.3%
for both sexes [20]) and equal to those in the United States
in 2010 [1]. In the United States, use in the last 30 days in-
creased to 2.6% in 2013 [12]. A similar trend in increased
e-cigarettes use may occur in Japan from now on, so we
need to continue to monitor access to e-cigarettes.

A total of 3.5% of never smoking men and 1.3% of
never smoking women had ever used e-cigarettes and
heat-not-burn tobacco products, predominantly non-
nicotine e-cigarettes. This finding is not negligible, because
never smokers form the majority of the population, ac-
counting for more than half the people of Japan [16]. This
ever use percentage among never smoking men in Japan
was higher than that in Great Britain (0.5% in 2012 and
1.1% in 2014 for both sexes) [21,22] and the United States
in 2013 (1.2% for both sexes), while among never smoking
women, ever use (1.3%) was similar to that in the United
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States in 2013 [12] and Great Britain in 2014 [22]. These
percentages may become higher in the future, but they did
not increase from 2010 to 2013 in the United States [12]
or from 2013 to 2014 in Great Britain [22]. Because e-
cigarettes were not used for the purpose of quitting
smoking among never smokers [23], e-cigarette use
among non-smokers must have some roots in the market.
Some e-cigarette mai‘keting strategies to attract never
smokers may be carried out by e-cigarette industries in
the same way as conventional tobacco companies [23].

There are several limitations to this study. First, data
were self-reported without validation, but the reliability of
self-reported smoking has generally been high in previous
studies [24,25], although this has not been confirmed for
e-cigarettes and heat-not-burn tobacco products. Respon-
dents who had used these products in the last 30 days in-
clude both current users and some people who had tried
these products once in the last 30 days. The figure of
> 50 sessions use includes both current and former use.
Some users may check multiple categories for the product
types used, even if they have used only one product. For ex-
ample, some users of Ploom and iQOS may have also
checked ‘nicotine content unknown’ if they do not know
how much nicotine is in those brands. As for combustible
tobacco use, because we did not apply the definition of ever
smokers as respondents who had smoked > 100 cigarettes
in their life-time, someone who had smoked only one ciga-
rette in their lives would be categorized as an ever smoker.
These categorizations may result in some misclassifications
of user status. Therefore, careful consideration of the data
is necessary. Secondly, the total number of questions was
slightly different according to the use status (category) of
e-cigarettes, because some questions were added only for
users, including questions about use in the last 30 days
and more than 50 sessions of ever use. This might affect
the response rate and underestimate the percentages of
products used, if some users dropped out from the survey
due to the excess burden of the questions. However, the dif-
ference in total number between users and non-users was
made as small as possible. Furthermore, we offered rela-
tively long survey periods for the internet survey and sent
recall messages to non-responders in order to increase
the response rate.

CONCLUSIONS

In Japan, approximately half the respondents were aware
of e-cigarettes and heat-not-burn tobacco products, 6.6%
had ever used, 1.3% used in the last 30 days and 1.3%
had used for > 50 sessions. More than 70% of ever users
used non-nicotine e-cigarettes which are not regulated le-
gally in Japan, while 33% used nicotine e-cigarettes, which
have been prohibited by pharmaceutical law in Japan;
3.5% of never smoking men and 1.3% of never smoking

© 2015 Society for the Study of Addiction
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women had ever used e-cigarettes and heat-not-burn to-
bacco products, predominantly non-nicotine e-cigarettes.
According to WHO recommendations [5], we must con-
tinue to monitor awareness and use of e-cigarettes and
heat-not-burn tobacco products in Japan. To implement
an appropriate policy for these products, it is necessary to
gather further evidence about both the harm and benefit
of these products.
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Abstract

Introduction: Although complete workplace smoking bans are generally recommended rather than
partial bans, the latter are widespread in many countries, especially Japan. Our objective was
to compare complete workplace smoking bans and partial bans for associations with employee
smoking and secondhand smoke (SHS)-related discomfort/ill-health. We also evaluated complete
bans versus no ban and partial bans versus no ban.

Methods: Eleven thousand ninety eligible employees {weighted number: 34 353 241) aged
2064 years in 2011 (response rate: 62.5%) were analyzed using a nationally-representative, pop-
ulation-based cross-sectional study. Adjusted prevalence ratios for self-reported current smoking
and SHS-related discomfort/ill-health according to workplace smoke-free policies were calculated,
using conventional regression and propensity score (PS) weighting (targeting population of aver
age treatment effect among both treated [TET] and untreated [TEU]).

Results: Both conventional regressions and PS weighting analyses showed complete bans were
significantly associated with lower prevalence of current smoking and perceived SHS-related dis-
comfort/ill-health among nonsmokers than partial or no ban. In contrast, partial bans were not
significantly associated with either outcome compared with no ban. Using several PS trimming
levels, we found interesting differences betweenTET andTEU in a comparison between partial and
no ban: that is, significant associations in TET estimations, but none inTEU estimations.
Conclusions: Although complete smoking bans were associated with lower levels of employee smoking
and SHS-related discomfort/ill-health compared with no smoking ban, partial bans were not. Findings
from PS weighting of TEU suggest that partial workplace bans may not be any more effective for Japanese
employees than no ban.Therefore, complete bans may be strongly recommended for future implemen-
tation, but careful interpretation of the data is necessary because of the cross-sectional study design. .

Introduction : . employees from SHS harm.** It is evident that national-level leg-

Smoke-free policy is a key intervention in tobacco control.! Because islative smoking bans in countries such as Australia, England, and
there is no safe level of exposure to secondhand smoke (SHS), the United States are effective in reducing smoking prevalence and
complete smoking bans are the only way to completely protect the SHS-related disease burden.*** However, partial smoking bans
© The Author 2015. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved. 1

For permissions, please e-mail: journals.permissions@oup.com.
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have been allowed and disseminated within the tobacco control leg-
islation of many countries."’ A partial ban could include designated
ventilated smoking rooms or smoking areas separated by a wall.

In Japan, the Health Promotion Law allows partial bans as an
option and the Workplace Smoke-free Guideline recommended
a partial rather than a complete ban in 2003.*° In addition, the
tobacco industry has promoted the construction of designated smok-
ing spaces as a way to sidetrack efforts to make workplaces entirely
smoke-free.'""'* Among Japanese workers, even among nonsmok-
ers, there is support for partial rather than complete bans (54% vs.
35% in a workplace setting).” As a result, partial smoking bans are
widespread.''* Recently, complete smoking bans have been recom-
mended, following ratification of the World Health Organization
Framework Convention on Tobacco Control by the Japanese gov-
ernment in 2005. However, in 2007, 81.6% of privately-owned
worksites with at least 10 employees in Japan did not have a com-
plete smoking ban (having either a partial ban or no ban),'* possibly
because there is no national smoke-free legislation with penalty.

In previous studies, discomfort or ill-health due to workplace
SHS was common.''"* SHS increased the rate of not only tempo-
ral discomfort like throat irritation but also acute disorders such
as myocardial infarction." A complete workplace smoking ban is a
way to protect nonsmokers from the harmful health effects of SHS
exposure, and to provide a supportive environment for employees
who want to quit smoking.! However, there has been little evalua-
tion of how the benefits of a complete ban compare with a partial
ban, or the benefits of a partial ban versus no ban.*

Our objective was to compare complete and partial workplace
smoking bans in terms of the association with employee smoking
and SHS-related discomfort/ill-health. Similarly we evaluated com-
plete bans versus no ban and partial bans versus no ban.

Methods

Data

We used data from a nationally representative population-based cross-
sectional study: Survey on the Prevention of Industrial Accidents, con-
ducted by the Japanese Ministry of Health, Labour and Welfare in
November 2011.7” According to the Japanese Economic Census 2009,
which was a complete-case survey for Japanese employees, of 1 058
505 business establishments (worksites) with at least 10 employees
(excluding public offices), 13 276 worksites were randomly sampled
across Japan. A worksite-level questionnaire (worksite survey) was
sent to the person responsible for “industrial safety and health (Rodo-
anzen-eisei)” at the worksite. To collect data from representative indi-
vidual employees in Japan (employee survey), worksites were randomly
selected, depending on the number of employees in the worksite (5, 10,
15, or 20 employees were sampled from worksites employing 10-29,
30-299, 300499, or 2500 employees, respectively). The selection was
designed so that a sufficient number of samples for standard error cal-
culation on all strata of industry and worksite scale variations would
be obtained (further detailed methods are available on request). The
Ministry of Health, Labour and Welfare calculated the survey weights
to approximate total respondents in the entire distribution (compris-
ing 42 710 457 employees with industry and worksite scale variations;
Japanese Economic Census 2009) in Japan, additionally accounting for
nonresponse and sampling probability. Data were used with permission
from the Ministry of Health, Labour and Welfare. Analyses of national
survey data were considered to be exempt from ethical review accord-
ing to the Epidemiological Research Guidelines.

Variables

Workplace smoke-free policy (data from worksite-level question-
naire) was defined and categorized as (1) complete smoking ban
(complete “indoor” smoke-free workspace which allowed an out-
door smoking space as an option), (2) partial smoking ban (smoking
room and/or smoking corner allowed for smoking indoors), and (3)
no smoking ban (neither complete nor partial). In the questionnaire,
“smoking room” was defined as an independent designated room for
smoking and “smoking corner” was defined as an indoor space for
smoking divided by a wall or a partition such as a single-leaf screen.

The outcomes were (1) current smoker prevalence among total
employees; and (2) prevalence of perceived SHS-related discomfort/
ill-health at the workplace among nonsmoking employees. Current
smoker was defined as a person who smoked cigarette regularly
at the time of survey (yes or no). Respondents who did not smoke
(nonsmokers) were asked: “Have you found that cigarette smoke
in the workplace (SHS) has caused you discomfort or ill health in
the last 6 months?” (perceived SHS-related discomfort/ill-health at
workplace: yes or no).

The following characteristics were used as potential confounding
factors. Characteristics of employee include: sex, age group (20-29,
30-39, 40-49, 50-59, or 60-64 years-old), full-time employment
(yes or no), extra-working hours per month (0-44, 4579, or 280
hours in October) and health checkup within the last year (yes or
no). Characteristics of workplace include: size of workforce (10-29,
30-49, 50-99, 100-299, 300-999, or 21000 employees), industry
(“forestry, mining and construction,” “manufacturing,” “electricity,
gas, heat supply, water, information and communications,” “trans-
port and postal services,” “wholesale and retail trade,” “finance,
insurance, real estate, goods rental and leasing,” “scientific research,
professional and technical services,” “accommodation,” “eating
and drinking services,” “ ” “education and learning
support,” and “medical, health care and welfare”) and area block
(Hokkaido, Tohoku, Kitakanto, Tokyoken, Chubu/Hokuriku,
Chukyoken, Kinki, Chugoku, Shikoku, Kyushu/Okinawa).

» <«

other services,

Statistical Analyses

All analyses were performed using SAS version 9.2 (SAS Institute,
Cary, NC). Probability values for statistical tests were two-tailed and
P < .05 was considered statistically significant. Survey weights were
used for generalizability, and weighted results are shown.

Conventional Regression

The prevalence ratios (PRs) and 95% confidence intervals (CIs) for
outcomes were calculated according to the workplace smoke-free
policies (no ban was used as a reference category). Log-binomial
regression models were used because the outcome was more than
10%." In some instances, the models did not converge so we used
log-Poisson models, which provide consistent but not fully efficient
estimates of the PRs.

Propensity Score Weighting

As complete workplace bans are not randomly implemented, we
conducted propensity score (PS) analyses* to evaluate the associa-
tion between smoke-free policies and outcomes. Characteristics of
subjects differed according to workplace smoke-free policy (Table 1).
PS weightings were used to account for differences. Procedures were
repeated for the three combinations of policies (complete ban vs.
partial ban, complete ban vs. no ban and partial ban vs. no ban),
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Table 1. Basic Characteristics with Standardized Differences According to Workplace Smoking Ban Policies, Using Survey Weights (Before
PS Weighting)

Standardized differences

Complete
smoking ban  Partial smoking ban No smoking ban
(weighted (weighted (weighted Total (weighted Between  Between  Between
Characteristics n=8156369)% n=20828196)% n=5368676)% n=34353241)% CandP CandN PandN
Female sex 51.8 38.5 38.7 41.7 0.27 0.27 0.00
Age group
20-29 ycars 23.1 18.1 16.6 19.1 0.13 0.17 0.04
30~39 ycars 30.5 28.2 31.4 29.3 0.05 ~0.02 -0.07
40-49 years 25.5 28.0 22.6 26.6 -0.06 0.07 0.13
50-59 years 14.9 204 22.6 19.4 -0.14 -0.20 -0.05
60-64 years 6.0 53 6.9 5.7 0.03 -0.04 -0.07
Regular employee, Yes 76.7 77.1 81.1 77.6 -0.01 -0.11 -0.10
Extra working hours per month
0-44 91.0 86.5 82.1 86.7 0.14 0.26 0.12
45-79 7.4 10.7 8.2 9.5 -0.12 -0.03 0.09
80 or more 1.6 2.8 9.8 3.6 -0.05 -0.31 -0.27
Health checkup within the 85.1 90.0 71.3 85.9 -0.15 0.34 0.49
last year, Yes g
Worksite scale {employee number) §
10-29 30.1 25.3 59.9 31.8 0.11 -0.63 -0.75 g
30-49 16.2 12.4 10.3 13.0 0.11 0.18 0.06 o
50-99 13.9 15.6 21.1 16.1 -0.05 =019  -0.14 -
100-299 22.3 26.0 2.8 21.5 -0.09 0.59 0.67 %
300-999 9.9 13.0 4.0 10.9 -0.10 0.22 0.32 ey
1000 or more 7.6 7.7 1.8 6.8 0.00 0.24 0.24 =
Industries S
Forestry, mining and 5.4 4.7 12.3 6.0 0.03 -0.24 -0.27 2
construction g
Manufacturing 6.2 28.5 20.8 20.1 ~0.55 ~-0.44 0.11 ‘“g"
Electricity, gas, heat supply, 3.8 5.4 0.2 4.2 -0.07 0.17 0.23 §
water, information and £
communications <§
Transport and postal 0.9 7.3 10.7 6.3 -0.27 -0.37 -0.12 =
services :
Wholesale and retail trade 15.8 23.8 17.0 20.8 -0.20 -0.03 0.17 E
Finance, insurance, real 5.2 5.0 34 4.8 0.01 0.09 0.07 o
estate, goods rental and ;
leasing 3
Scientific research, 3.4 2.9 2.5 3.0 0.02 0.04 0.02 =
professional and “'5)
technical services v
Accommodations 0.7 2.1 0.8 1.6 -0.06 0.00 0.06
Eating and drinking 3.4 6.9 7.2 6.1 -0.15 -0.16 -0.01
services
Services 16.0 9.9 14.0 12.0 0.18 0.05 -0.13
Education and learning 9.3 1.3 1.9 3.3 0.31 0.29 -0.03
support
Medical, health care and 299 53 9.3 11.7 0.68 0.54 -0.15
welfare
Area block
Hokkaido 0.2 2.4 6.0 2.4 -0.10 -0.26 -0.16
Tohoku 1.6 4.1 11.2 4.6 ~-0.12 -0.36 -0.26
Kitakanto 2.9 4.8 34 4.1 -0.09 -0.02 0.06
Tokyoken 37.6 35.5 18.8 33.4 0.04 0.43 0.38
Chubu/Hokuriku 7.5 9.0 11.6 9.0 -0.05 -0.14 -0.09
Chukyoken 5.6 9.3 10.8 8.7 -0.14 -0.19 -0.05
Kinki 16.9 18.3 24.1 18.8 -0.04 -0.18 -0.14
Chugoku 53 6.3 2.7 5.5 -0.04 0.12 0.15
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Table 1. Continued

Standardized differences

Complete
smoking ban  Partial smoking ban  No smoking ban
(weighted (weighted {weighted Total (weighted Between  Between — Between
Characteristics n=8156369)% n=20828196)% n=5368676)% n=34353241)% CandP Cand N Pand N
Shikoku 0.5 3.5 1.7 2.5 -0.13 -0.05 0.08
Kyushw/Okinawa 22.0 6.9 9.7 11.0 0.44 0.34 -0.10
Current smoker 25.0 36.9 43.9 351 NA NA NA
SHS-related discomfort/ill- 12.4 24.3 28.2 21.5 NA NA NA

health among nonsmokers

C = complete smoking ban; P = partial smoking ban; PS = propensity score; N = no smoking ban; NA = not applicable; SHS = secondhand smoke. The number
of missing values was 12 (weighted number: 40 634) for extra working hours, one (weighted number: 3352) for health checkup and seven (weighted number: 18
011) for current smoker. Unweighted numbers were 2066 for complete smoking ban, 7906 for partial smoking ban, 1118 for no smoking ban, and 11 090 for total.

because PS methods were only able to compare two groups.? PS (the
probability of a workplace smoking ban for each employee ranging
from 0-1) was calculated by multivariate logistic regression using
all the previously listed potential confounders.?” When assessing the
effect of a treatment on an outcome, we are able to estimate three
causal estimands of interest: the average treatment effect on the
treated (TET), the average treatment effect on the untreated (TEU)
and the average treatment effect (ATE).2»** The ATE represents the
difference in outcome if everyone received the treatment compared
to if everyone did not receive the treatment.* For future policy
implications, it is important to distinguish between the TET and the
TEU. To estimate the TET, each exposed individual received a weight
of 1, while unexposed individuals were weighted by e/(1-¢), where e
was the PS. To estimate the TEU, each unexposed individual received
a weight of 1, while exposed individuals were weighted by (1-e)/e.
To estimate the ATE, the exposed group weights were 1/e, while the
unexposed group weights were 1/(1-¢), weighting each group to the
combined sample.* Final weights were calculated by multiplying
survey weights with PS weights.** ’

Because PS can have a wide range with no overlap between
exposed and unexposed individuals, a methodological solution was
a trimming to enable interpretation of data under exchangeabil-
ity.* First, we restricted subjects with overlapping PS between the
exposed and unexposed groups (as baseline population). Since the
optimal level of trimming, that is, exclusion of the extreme 1%, 2%,
or 10% of the PS distributions, was difficult to determine,**” we
conducted additional analyses using several levels of trimming (1%,
2%, 3%, 4%, 5%, and 10%).

To judge the success of each PS weighting in terms of creating
groups that look similar on the observed covariates (“balance”),
we used standardized differences; the difference in proportions
between the exposed and counterpart groups divided by the
standard deviation in the exposed group.” Because, generally, a
standardized difference of 0.1 indicates a potentially meaningful
imbalance,* the number (out of 39 covariates [total number of
dichotomized and dummy variables; see Table 1]) of differences
which exceeded 0.1 was counted as an indicator to evaluate the
appropriateness of the “balance” achieved by PS weighting, com-
pared with the number in the baseline before PS weighting. When
PS weighting creates an acceptable “balance”, “univariate” log-
binomial regressions with PS weighting can be used for the final
result. However, because all the differences were not completely
adjusted by PS weighting and unacceptable “imbalance” might
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have remained in some categories (although there was no thresh-
old), covariate-adjusted log-binomial regression with PS weighting
was conducted for the final result.*” Additional explanations are

1701

available elsewhere (Supplementary Data)

Results

A total of 9664 worksites were available, giving a 72.8% response
rate for the worksite survey. Of 18 075 employees selected for the
individual employee survey, 11 296 (response rate: 62.5%) were
available from 1245 worksites. Subjects without information on
a workplace smoke-free policy (n = 10) were excluded from the
analyses. Employees aged at least 65 years (z = 127) and at most
19 years (1 = 69) were also excluded because we focused on adults
of general working age in Japan. This left 11 090 subjects (weighted
number: 34 353 241). Basic characteristics according to workplace
smoke-free policy are shown in Table 1 (un-weighted distribution in
Supplementary Table §1). A difference between groups was observed
in some variables (ie, standardized difference exceeded 0.1). For
example, the percentage of female or 20s age group was higher in
the complete smoking ban group than other groups. The prevalence
of current smokers was 25.0%, 36.9%, and 43.9% for complete,
partial and no smoking ban, respectively.

Table 2 indicates the percentage of each smoking ban accord-
ing to basic characteristics. In total, 23.7% of workplaces had a
complete ban policy, 60.6% had a partial ban and the remaining
15.6% had no ban. The percentage of complete bans was higher
in employees who were female, worked an extra 0-44 hours per
month, worked in the education or medical industries, and lived in
the Kyushu/Okinawa area.

Conventional Regression

Results of covariate-adjusted PRs for outcomes according to work-
place smoke-free policy are shown in Table 3. Among total subjects,
employees in smoke-free workplaces (PR [95% CI] = 0.74 [0.66,
0.84)) were significantly less likely to be current smokers than those
in workplaces with no ban. However, those in workplaces with a
partial ban (PR [95% CI] = 0.94 [0.86, 1.03]) were not. Among non-
smokers, employees in smoke-free workplaces (PR [95% CI] = 0.51
[0.42,0.62]) were significantly less likely to perceive SHS-related dis-
comfort/ill-health at workplace than employees with no ban, while
employees in partial ban settings (PR [95% CI] = 0.97 [0.83, 1.13])
were not.
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