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ARTICLE INFO ABSTRACT
Keywords: Background: This study evaluated trends in the cumulative incidence of airflow limitation (AFL) and lung
COPD function decline over 17 years in two independent cohorts. Furthermore, this study focused on the possible

Airflow limitation
Cumulative incidence
Lung function
Retrospective cohort study

effects of legal restrictions that came into effect in 2006 to prevent unwanted exposure to passive smoke on lung
function decline in Japan.

Methods: Cohort 1 (1994-2011) and Cohort 2 (2002-2019) included 590 and 1012 participants, respectively. All
participants were free of AFL at baseline, and they had no personal relationships each other. The association
between the longitudinal category of smoking status and the cumulative incidence of AFL was assessed using
logistic regression analysis. The annual FEV; decline was compared between Cohort 1 and 2, as well as before
2006 (pre) and after 2006 (post) within both cohorts.

Results: After adjusting for confounding factors, the odds ratio (OR) for developing AFL increased with smoking
status and intensity in both Cohort 1 and 2. The annual FEV; decline in Cohort 2 was significantly slower than
that in Cohort 1 for persistent never smokers. The annual decline in FEV; after 2006 (post) was significantly
slower than that before 2006 (pre) in persistent never smokers in both Cohort 1 and 2.

Conclusions: Smoking remains a strong risk factor for the development of AFL and lung function decline in Japan.
This study suggests that changes in the smoking environment may have preventative effects on lung function
decline, especially in never smokers.

1. Introduction and mortality throughout the world [1,2]. According to the World
Health Organization, COPD was the third leading cause of deaths

Chronic obstructive pulmonary disease (COPD), which is character- worldwide in 2019 [2]. Although tobacco smoking is reported to be the
ized by airflow limitation (AFL), is a major cause of chronic morbidity main risk factor in COPD development, the involvement of genetic (G)
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and environmental (E) factors has also been noted, and COPD is pro-
posed to develop throughout an individual’s lifetime (T) as results of
these factors (GETomics) [1,3]. Environmental factors can also
contribute to COPD progression [1,4]. The Health Promotion Act was
enacted in 2002 and came into effect in 2006 to prevent unwanted
exposure to passive smoke in Japan [5]. The Workplace Smoke-Free

Respiratory Investigation 63 (2025) 844-852

Guideline (WSFG) was also enacted in 2003 [6]. This guideline em-
phasizes organizational implementation to effectively address passive
smoking prevention based on the Health Promotion Act. A complete
indoor smoking ban has been recommended over a partial smoking ban,
especially after the Japanese government ratified the World Health
Organization Framework Convention on Tobacco Control (FCTC) [7] in

Cohort 1

643 participants who underwent spirometry
in 1994 (baseline), 1999 (visit 2), 2006 (visit
3),

and 2011 (final visit)

Excluded

3 lung cancer
21 pnuemonia
17 asthma

590 participants:
424 men and 166 women

y

115 men, 156 women

Persistent never-smokers
1994 (baseline): never smoker
1999 (visit 2): never smoker
2006 (visit 3): never smoker
2011 (final visit): never smoker

245 men, 6 women

Quitters

1994 (baseline): current smoker

During the period of 17 years: quit smoking
2011 (final visit): ex-smoker

64 men, 4 women

Persistent smokers

1994 (baseline): current smoker
1999 (visit 2): current smoker
2006 (visit 3): current smoker
2011 (final visit): current smoker

Cohort 2

1217 participants who underwent spirometry
in 2002 (baseline), 2006 (visit 2), 2011 (visit
3),

2016 (visit 4) and 2019 (final visit)

A4

Excluded

15 lung cancer
74 pnuemonia

88 asthma

28 tuberculosis

1012 participants:
599 men and 413 women

y

247 men, 381 women

Persistent never-smokers
2002 (baseline): never smoker
2006 (visit 2): never smoker
2011 (visit 3): never smoker
2016 (visit 4): never smoker
2019 (final visit): never smoker

229 men, 26 women

Quitters

2002 (baseline): current smoker

During the period of 17 years: quit smoking
2019 (final visit): ex-smoker

123 men, 6 women

Persistent smokers

2002 (baseline): current smoker
2006 (visit 2): current smoker
2011 (visit 3): current smoker
2016 (visit 4): current smoker
2019 (final visit): current smoker

Fig. 1. Study flow diagram for selecting the participants according to the longitudinal smoking status in Cohort 1 and 2.
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2005. As a result of these legal restrictions, smoking rates have been on a
downward trajectory in recent decades in Japan [8-10], and passive
smoking in workplaces and public facilities has decreased [11]. There-
fore, this study focused on the possible effects of the legal restrictions
that came into effect in 2006 on lung function decline in relation to
preventing unwanted exposure to passive smoke in Japan.

Using two serial cross-sectional studies performed in 1967 and 2012,
the Hisayama Study in Japan reported that the prevalence of AFL was
significantly reduced over 45 years [12]. They speculated that a
reduction in exposure to indoor and outdoor environmental pollutants
in Japan could have increased the relative impact of smoking in recent
years [12]. In the Yamagata-Takahata study, 5.4 % of nonsmokers and
20.5 % of smokers had AFL over a 6-year period, and the annual decline
in the FEV; of smokers was larger than that of never smokers [13].
However, to our knowledge, no long-term longitudinal study has been
conducted on the incidence of AFL and decline in lung function in Japan.
Therefore, this study aimed to evaluate the trends in the cumulative
incidence of AFL and lung function decline over 17 years in two inde-
pendent retrospective cohort studies.

2. Materials and methods
2.1. Study design and participants

This retrospective observational cohort study included participants
who underwent health checkups at the Japanese Red Cross Kumamoto
Health Care Center. The checkups comprised interview questionnaires,
physical examinations, spirometry, chest radiography, and blood tests.
All data obtained from participants were strictly managed electronically
as personal data [14,15]. This study was approved by the ethics com-
mittee of Kumamoto University (approval No. 84, approval date, 23
August 2023) and the Japanese Red Cross Kumamoto Health Care
Center. Informed consent was obtained from all participants. This study
was conducted in accordance with the Declaration of Helsinki and the
STROBE Statement recommendations [16].

In Cohort 1, we analyzed 643 participants in 1994 (baseline) and
conducted follow-up assessments in 1999 (visit 2), 2006 (visit 3), and
2011 (final visit). Participants with histories of lung cancer, pneumonia,
or asthma were excluded. Cohort 1 included 590 participants (424 men
and 166 women) aged 30-74 years in the final analysis (Fig. 1). In
Cohort 2, we analyzed 1217 participants in 2002 (baseline) and con-
ducted follow-up assessments in 2006 (visit 2), 2011 (visit 3), 2016 (visit
4), and 2019 (final visit). Patients with histories of lung cancer, pneu-
monia, asthma, or tuberculosis were excluded. Cohort 2 included 1012
participants (599 men and 413 women) aged 28-74 years in the final
analysis (Fig. 1). None of the participants in either Cohort 1 or 2 had a
history of workplace dust exposure.

2.2. Smoking assessment

According to the interviews at baseline and follow-up, the study
participants were categorized into the following longitudinal groups:
“persistent never smoker” (never smoked by the final visit), “quitter”
(those who stopped smoking by the final visit), and “persistent smoker”
(continued smoking by the final visit). Smoking intensity was assessed
by pack-years (PY) over 17 years.

2.3. Lung function tests

Skilled technicians followed the recommendations and used the
DISCOM-21 FX electric spirometer (CHEST MI, Tokyo, Japan) [17]. AFL
was defined as a forced expiratory volume in 1 s (FEV;)/forced vital
capacity (FVC) ratio <0.7 [1]. Predicted values were calculated using
equations of the Japanese Respiratory Society (JRS) [18]. AFL severity
was defined according to the GOLD criteria [1].
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2.4. 17-Year cumulative incidence

This retrospective cohort study was conducted over a 17-year period.
Therefore, we expressed the 17-year cumulative incidence as the pro-
portion of the disease-free population (those free from AFL at the start of
the study) who developed AFL during the 17-year period. We previously
reported the cumulative incidence of AFL, which was determined using
the same method [14,15]. The cumulative incidence was defined as in
previous studies [19-23]. To detect the cumulative incidence of AFL
during a 17-year period, this study did not include participants who
dropped out. In this study, no participants were lost to follow-up.

2.5. Comparison of annual FEV; decline between the period before 2006
(pre) and after 2006 (post)

When passive smoking countermeasures were implemented, the ef-
fects did not appear immediately but took effect after several years [24].
This study focused on the possible effects of legal restrictions, which
came into effect in Japan in 2006, to prevent unwanted exposure to
passive smoke and its impact on lung function decline. Therefore, we
compared the annual FEV; decline before and after 2006 in both
cohorts.

2.6. Statistical analysis

The baseline characteristics were descriptively compared between
Cohorts 1 and 2. The Shapiro-Wilk test was used to assess normality.
Baseline characteristics and annual declines in FEV; in both cohorts
were compared using Student’s t-test, Welch’s t-test, or the Mann-
Whitney U test. A t-test with a significance level of 5 %, a power of
0.8, and an effect size of 0.8 resulted in a sample size of 26 [25]. A
sample size of over 26 was required for each group. The sample size for
comparing the annual decline in FEV; (mL/year) between the two co-
horts was sufficient for analysis of persistent smokers.

We used multivariate logistic regression analysis, adjusted for age
and BMI, to examine the associations between longitudinal smoking
status, pack-years, and the cumulative incidence of AFL. The Hosmer-
Lemeshow goodness-of-fit test was performed. We also calculated
events per variable (EPV) for each model to assess the risk of inaccurate
parameter estimation. EPVs greater than 10 are considered sufficiently
high for estimation performance [26]. In our logistic regression analysis,
the EPVs ranged from 5.7 to 10 for persistent smokers and from 12.7 to
16.3 for pack-years, indicating no serious problems with parameter
estimation [26]. The level of statistical significance was set at P < 0.05.
Analyses were performed using IBM SPSS Statistics version 29.0.

3. Results
3.1. Baseline characteristics

Participants in both cohorts were independent of each other and did
not include former smokers or AFLs at baseline. Among men in both
cohorts, there were 143 and 292 never smokers, and 281 and 307 cur-
rent smokers, respectively (Table 1).

Among men, never smokers in Cohort 2 were significantly younger
and had a higher BMI than those in Cohort 1. No significant difference in
FEV; at baseline was observed between men and women in Cohorts 1
and 2. Among women in Cohorts 1 and 2, there were 156 and 392 never
smokers and 10 and 21 current smokers, respectively. The mean FEV;
and FVC in never smokers and smokers did not differ significantly be-
tween Cohorts 1 and 2 (Table 1).

Seventeen years later, the study groups among men in Cohorts 1 and
2 consisted of 115 and 247 persistent never smokers, 245 and 229
quitters, and 64 and 123 persistent smokers, respectively. Among
women, the study groups in Cohorts 1 and 2 consisted of 156 and 381
persistent never smokers, 6 and 26 quitters, and 4 and 6 persistent
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Table 1
Baseline characteristics of the study participants without AFL by category of smoking status in Cohorts 1 and 2.

variable Never Smokers Smokers
Cohort 1 Cohort 2 P value Cohort 1 Cohort 2 P value
Men Women Men Women Men Women Men Women Men Women Men Women

Number 143 156 292 392 281 10 307 21

Age, years 50.1 (8.2) 51.9 (7.5) 47.2 (8.7) 48.2 (8.7) <0.001 0.18 45.5 (7.2) 43.1 (4.2) 45.2 (7.0) 46.1 (6.6) 0.982 0.136

Height, cm 166.9 153.7 168.6 155.9 0.007 <0.001 167.9 155.2 169.9 159.3 <0.001 0.111
(5.7) (4.9) (6.2) (5.3) (6.1) (5.6) (5.5) (7.0)

Weight, kg 63.6 (8.2) 51.8 (6.7) 67.1(9.1) 53.7 (8.6) <0.001 0.035 65.7 (8.2) 56.1 (8.8) 68.8 52.9 (6.4) <0.001 0.259

(10.5)
Body mass 22.8 (2.6) 22.0 (3.0) 23.6 (2.7) 22.1 (3.2) 0.013 0.712 23.3 (2.6) 23.3(3.4) 23.8 (3.2) 20.9 (2.5) 0.116 0.033
index, kg/m?
Pack-years 0 0 0 0 - - 22.3 6.8 (6.0) 26.1 11.6 (9.5) <0.001 0.197
(14.7) (15.1)

Respiratory function

FEV;, mL 3354.5 2511.4 3435.2 2477.4 0.124 0.368 3456.7 2531.0 3425.8 2611.4 0.487 0.446
(465.7) (382.1) (533.5) (404.2) (518.5) (333.3) (554.8) (406.4)

FVC, mL 4103.3 3030.5 4291.4 3038.5 0.002 0.857 4239.0 2984.0 4333.6 3210.5 0.122 0.185
(558.2) (441.5) (655.2) (473.9) (621.8) (411.0) (660.7) (444.6)

FEV,/FVC, % 81.9 (5.1) 82.9 (4.9) 80.3 (5.1) 81.7 (5.7) <0.001 0.006 81.6 (4.9) 85.0 (4.5) 79.1 (5.0) 81.4 (5.2) <0.001 0.072

FEV;, % 104.0 106.2 102.3 103.1 0.115 0.006 102.7 102.7 99.0 102.9 <0.001 0.673

predicted, (10.7) (12.5) (11.2) (12.9) 11.7) (14.8) (12.2) (11.5)

%

Notes: Data are expressed as mean (standard deviation) or number (n).

Pack-years = (number of cigarettes smoked per day x number of years smoked)/20.
P-value: Comparison between men (or women) in never-smokers (or smokers) in Cohort 1 and men (or women) in never-smokers (or smokers) in Cohort 2.
Abbreviations: AFL, Airflow Limitation; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.

smokers, respectively (Table 2).

3.2. 17-Year cumulative incidence and odds ratios of AFL according to
smoking status

Table 2 and Fig. 2 show the 17-year cumulative incidence and ORs
for AFL. In men, AFL over the 17-year duration developed in 12 of 115
persistent never smokers (10.4 %), 27 of 245 quitters (11.0 %), and 17 of
64 persistent smokers (26.6 %) in Cohort 1. In Cohort 2, AFL developed
in 18 of 247 persistent never smokers (7.3 %), 29 of 229 quitters (12.6
%), and 30 of 123 persistent smokers (24.4 %). The mean annual inci-
dence of AFL in men was 0.61 % and 0.43 % in persistent never smokers,
0.65 % and 0.74 % in quitters, and 1.56 % and 1.43 % in persistent
smokers in Cohorts 1 and 2, respectively. The adjusted ORs (95 %
confidence interval [CI]) for AFL compared with persistent never
smokers in Cohort 1 were as follows: quitters, 1.56 (0.73-3.32);
persistent smokers, 6.66 (2.61-16.98) (Fig. 2). In addition, the adjusted
ORs (95 % CI) for AFL compared with pack-year (PY) 0 in Cohort 1 were
as follows: PY < 20, 0.74 (0.26-2.12); PY > 20, 3.52 (1.65-7.51). The
adjusted ORs (95 % CI) for AFL compared with persistent never smokers
in Cohort 2 were as follows: quitters, 2.11 (1.11-4.01); persistent
smokers, 6.12 (3.09-12.11). In addition, the adjusted ORs (95 % CI) for
AFL compared with pack-year 0 in Cohort 2 were as follows: PY < 20,
0.91 (0.34-2.42); PY > 20, 4.35 (2.40-7.91). The Hosmer-Lemeshow
test did not indicate a lack of fit (P > 0.05).

In women, AFL over the 17-year duration developed in 6 of 156
persistent never smokers (3.8 %), 0 of 6 quitters (0.0 %), and O of 4
persistent smokers (0.0 %) in Cohort 1. In Cohort 2, AFL developed in 23
of 381 persistent never smokers (6.0 %), 1 of 26 quitters (3.8 %), and 3
of 6 persistent smokers (50.0 %). Due to the small number of quitters and
smokers among women in Cohorts 1 and 2, an adequate multivariate
logistic regression analysis could not be performed. The mean annual
incidence of AFL in women was 0.23 % and 0.35 % in persistent never
smokers, 0.0 % and 0.22 % in quitters, and 0.0 % and 2.94 % in
persistent smokers in Cohorts 1 and 2, respectively.

The cumulative incidence of AFL in each 1994 (baseline) and follow-
up assessments in 1999 (visit 2), 2006 (visit 3), and 2011 (final visit) in
Cohort 1 were shown (Supplementary Fig. 1).The cumulative incidence
of AFL in each 2002 (baseline) and follow-up assessments in 2006 (visit

2), 2011 (visit 3), 2016 (visit 4), and 2019 (final visit) in Cohort 2 were
also shown (Supplementary Fig. 1).

3.3. Comparison of cumulative incidence and FEV; decline between the
two cohorts

The 17-year cumulative incidence of AFL in Cohort 2 appeared to be
lower than that in Cohort 1, although Cohort 2 included a few partici-
pants with moderate or severe AFL (Fig. 3). However, no significant
differences were observed between the two cohorts. Owing to the small
number of female smokers, an adequate analysis could not be
performed.

Among men in Cohort 1, the annual FEV; decline (mL/year) for
persistent never smokers, quitters, and persistent smokers was —33.1,
—33.9, and —39.7, respectively (Table 3). Among women in Cohort 1,
the annual FEV; decline (mL/year) for persistent never-smokers, quit-
ters, persistent smokers was —28.1, —28.2, and —36.5, respectively.
Among men in Cohort 2, the annual FEV; decline (mL/year) for
persistent never smokers, quitters, and persistent smokers was —28.3,
—29.6, and —32.7, respectively. Among women in Cohort 2, the annual
FEV; decline (mL/year) for persistent never smokers, quitters, and
persistent smokers was —24.5, —20.4, and —29.6, respectively. The
annual decline in FEV; among persistent smokers was significantly
faster than that among persistent never smokers in both Cohorts 1 and 2.
The annual decline in FEV; in Cohort 2 was significantly slower than
that in Cohort 1 for persistent never smokers, quitters, and persistent
smokers (Table 3).

Table 4 and Fig. 4 show a comparison of FEV; decline before 2006
(pre) and after 2006 (post) in the two cohorts. The annual FEV; decline
after 2006 was significantly slower than that before 2006 among
persistent never smokers in both Cohorts 1 and 2.

4. Discussion

This study evaluated trends in the cumulative incidence of AFL and
lung function decline using two independent cohorts. To the best of our
knowledge, longitudinal data on lung function and estimates of the
cumulative incidence of AFL over the past 17 years have been scarce in
the last two decades.
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Table 2

17-year cumulative incidence, mean annual incidence, and odds ratio of AFL according to smoking status.

Cohort 1 (1994-2011)

Smoking status from baseline to
follow-up

Number of subjects, n

Number of subjects
with AFL n (%)

Mean annual
incidence (%)

OR (95 % CI)

‘D 32 0IDS "X

Crude Adjusted”
Men, Women, Men Women Men Women Men Women P value Men Women P value
424 166 Men Women Men Women
Persistent never-smokers 115 156 12 6 (3.8) 0.61 0.23 1 (ref) 1 (ref) 1 (ref) 1 (ref)
(10.4)
Quitters 245 6 27 0 065 0 1.06 ND 0.868 ND 1.56 (0.73-3.32) ND 0.253 ND
(11.0) (0.52-2.18)
Persistent smokers 64 4 17 0 1.56 0 3.11 ND 0.006 ND 6.66 ND <0.001 ND
(26.6) (1.37-7.02) (2.61-16.98)
Pack-years
0 115 156 12 6(3.9) 0.60 0.23 1 (ref) 1 (ref) 1 (ref) 1 (ref)
(10.3)
<20 112 7 6(5.4) 0 032 0 0.49 ND 0.164 ND 0.74 (0.26-2.12)  ND 0.574 ND
(0.18-1.34)
20< 186 3 38 0 1.20 O 2.20 ND 0.026 ND 3.52(1.65-7.51) ND 0.001 ND
(20.4) (1.10-4.42)
Cohort 2 (2002-2019)
Smoking status from baseline to Number of subjects n Number of subjects Mean annual OR (95 % CI)
follow-up with AFL n (%) incidence (%) Crude Adjusted”
Men Women Men Women Men Women Men Women P value Men Women P value
599 413 Men Women Men Women
Persistent never-smokers 247 381 18 (7.3) 23(6.00 043 0.35 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Quitters 229 26 29 1(3.8) 0.74  0.22 1.85 0.62 (0.08-4.80) 0.052 0.650 2.11(1.11-4.01)  0.70 (0.09-5.68) 0.026 0.740
(12.6) (0.99-3.42)
Persistent smokers 123 6 30 3(50.0) 1.43 2.94 4.10 15.57 <0.001 0.001 6.12 22.76 <0.001 0.001
(24.4) (2.18-7.72) (2.98-81.45) (3.09-12.11) (3.46-149.89)
Pack-years
0 247 381 18 (7.3) 23 (6.0) 0.43 0.35 1 (ref) 1 (ref) 1 (ref) 1 (ref)
<20 111 16 7 (6.3) 3(188) 037 1.11 0.61 ND 0.779 ND 0.91 (0.34-2.42) ND 0.856 ND
(0.35-2.11)
20< 196 5 49 1(20.0)0 1.47 1.18 3.49 ND <0.001 ND 4.35(2.40-7.91) ND <0.001 ND
(25.0) (2.00-6.17)
Notes:

P-value: Comparison between persistent never smoker and other smoking status.
Abbreviations: AFL, Airflow Limitation; OR, Odd ratio; CI, Confidence Interval; ref, reference; ND, not detected.
# , Adjusted for age and body mass index.
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Fig. 2. 17-year cumulative incidence of AFL in men in the two cohortsNotes: a, Cohort 1; b, Cohort 2. Mild: FEV;/FVC<70 %, FEV1 >80 % predicted, Moderate:
FEV;/FVC<70 %, 50 %< FEV; <80 % predicted, Severe: FEV;/FVC<70 %, 30 %< FEV; <50 % predicted, and Very severe: FEV,/FVC<70 %, FEV; <30 % predicted.
OR odds ratio, 95 % CI 95 percent confident interval. Odds ratio shown is adjusted for age and body mass index.
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predicted, Moderate: FEV;/FVC<70 %, 50 %< FEV; <80 % predicted, Severe: FEV;/FVC<70 %, 30 %< FEV; <50 % predicted, and Very severe: FEV;/FVC<70 %,
FEV; <30 % predicted. OR odds ratio, 95 % CI 95 percent confident interval. Odds ratio shown is adjusted for age and Body mass index.

In this study, the cumulative incidence and mean annual incidence of
AFL were significantly associated with smoking status and intensity, as
assessed by PY (Table 2 and Fig. 2). Owing to the small number of female
smokers, an adequate analysis could not be performed.

The annual decline in FEV; among persistent smokers was signifi-
cantly faster than that among persistent never smokers in both cohorts
(Table 3). Thus, a key finding of this study is that smoking remains a
strong risk factor for the incidence of AFL and lung function decline in
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Japan. Furthermore, the annual decline in FEV; after 2006 was signifi-
cantly lower than that before 2006 (Table 4 and Fig. 4). These results
suggest that changes in the smoking environment, such as the Health
Promotion Act of 2002 and the WSFG implemented in 2003, may have
been effective in preventing FEV; decline due to passive smoking,
particularly in persistent never smokers.

In our study, quitters showed a significant reduction in FEV;
compared to persistent smokers. Smoking cessation may prevent the
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Table 3
Annual decline of FEV; (mL/year) in the Cohorts 1 and 2.
Smoking status from baseline to Cohort 1 (1994-2011) Cohort 2 (2002-2019) P value
follow-up
Men Women Men Women Men Women
Number FEV; (mL/ Number FEV, (mL/ Number FEV; (mL/ Number FEV; (mL/
year) year) year) year)
Persistent never-smokers 115 —33.1 (13.2) 156 —28.1 (9.2) 247 —28.3(12.9) 381 —24.5 (11.0) 0.001 <0.001
Quitters 245 —33.9 (15.6) 6 —28.2 (2.4) 229 —29.6 (14.9) 26 —20.4 (1.8) 0.002 <0.001
Persistent smokers 64 —39.7 (14.2) 4 —36.5 (7.1) 123 —32.7 (15.9) 6 —29.6 (2.7) 0.001 0.762
All 424 —34.6 (14.9) 166 —28.3(0.7) 599 —29.7 (14.4) 413 —21.7 (0.6) <0.001 <0.001

Notes: Data are expressed as number and means (standard deviation).

P-value: Comparison between participants in Cohort 1 and participants in Cohort 2.

Abbreviations: FEV1, forced expiratory volume in one second

Table 4
Comparison of annual FEV; decline (mL/year) between the period before 2006
(pre) and after 2006 (post) in persistent never smokers.

Cohort Sex Total Pre Post P value
1 number (n) (1994-2006) (2006-2011) *
Men n=115 —35.2 (1.6) —28.0 (3.2) 0.047
Women n =156 —31.7 (1.0) -19.6 (1.8) <0.001
Cohort Sex Total Pre Post P value
2 number (n) (2002-2006) (2006-2019)
Men n =247 —39.7 (2.9) —24.8 (0.9) <0.001
Women n =381 —33.4(1.9) —21.8 (0.6) <0.001

Pre: before changes in the smoking environment, Post: after changes in the
smoking environment.

Data are expressed as means (standard error).

P value: between pre-2006 and post-2006.

* compared ‘post’ to ‘pre’.

development of AFL [15,27].

Several previous longitudinal studies using pre-bronchodilation
spirometry have reported the cumulative incidence of AFL in contin-
uous smokers and never smokers [19-23]. For easier comparison with
our results, we calculated the mean annual incidence of AFL. The
Copenhagen City Heart Study, which followed participants for 25 years,
demonstrated that the incidence of COPD in smokers was at least 25 %,
with a mean annual incidence of 0.21 % in persistent never smokers and

a Cohort1

—{—t

Annual FEV, decline (mL/year)
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Women
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Men

1.56 % in continuous smokers [19]. According to a 30-year study by
Pelkonen et al. [22], the mean annual incidence was 0.4 % in persistent
never smokers and 1.07 % in continuous smokers. In our study, the mean
annual incidence of AFL in continuous smokers in men in Cohort 1 was
similar to that reported by Lgkke A et al. [19]. The mean annual inci-
dence of AFL in never smokers in men in Cohort 2 was comparable to
that reported by Pelkonen et al. [22]. The mean annual incidence of AFL
in continuous smokers in men in Cohort 2 was similar to that reported by
Kohansal et al. [23].

In our study, the mean annual incidence of AFL in men in Cohort 2
appeared lower than that in Cohort 1 in both persistent never smokers
and persistent smokers. Additionally, the annual decline in FEV; in
Cohort 2 was significantly slower than that in Cohort 1, especially
among persistent never smokers.

According to the Hisayama Study, the prevalence of AFL significantly
decreased over 45 years, from 1967 to 2012 [12]. Strassmann et al.
reported that nationwide indoor smoking bans are associated with
reduced smoking and improved lung function in the general population
[27,28]. A Polish study indicated that secondhand smoke (SHS) expo-
sure in workplaces and other public places decreased dramatically
following the introduction of a smoke-free policy [29]. Implementing an
indoor smoking ban can improve lung function by influencing smoking
behaviors and reducing SHS exposure [27]. Further investigation is
needed to elucidate factors such as changes in the smoking environment
related to differences or similarities in AFL incidence.
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Fig. 4. Comparison of annual FEV; decline (mL/year) between pre and post changes in both Cohort 1 and 2. Notes: a, Cohort 1; b, Cohort 2; Pre, before 2006; Post,

after 2006. * P-value <0.05, ** P-value <0.01.
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A major strength of this study is the high validity of the registries and
the completeness of electronic databases for health examinations. These
resources allowed for two independent, long-term, retrospective cohort
studies.

This study has certain limitations. First, due to the small number of
female quitters and smokers in Cohorts 1 and 2, an adequate multivar-
iate logistic regression analysis with sufficient samples could not be
performed. Further studies on sex-related differences are needed with a
larger sample of women. Second, Heated Tobacco Products (HTPs) have
been sold in Japan since 2014 [30,31]. In this study, the proportion of
individuals using HTPs and their effect on the cumulative incidence of
AFL remain unclear. Further studies are required to address this issue.
Third, actual measurement data on passive smoking exposure were not
available. However, passive smoking in workplaces and public facilities
has decreased [11].

Despite these limitations, to our knowledge, this study is the first to
reveal trends in the cumulative incidence of AFL and lung function
decline. Furthermore, the findings indicate that smoking remains a
strong risk factor for AFL and lung function decline in Japan. Providing a
smoking cessation program for all smokers should be considered an
important strategy for preventing COPD progression in Japan. This
study also suggests that changes in the smoking environment, particu-
larly legal restrictions, may have preventive effects on lung function
decline, especially in never smokers.

5. Conclusions

Our study showed that smoking remains a strong risk factor for the
development of AFL and lung function decline in Japan. Thus, smoking
cessation programs should be considered an important strategy for
preventing the progression of COPD in Japan. The annual FEV; decline
in Cohort 2 was significantly slower than in Cohort 1. Furthermore, the
annual FEV; decline after 2006 was significantly slower than before
2006 in persistent never smokers in both Cohorts 1 and 2. This study
suggests the preventive effects of changes in the smoking environment
(legal restrictions) on lung function decline, especially in never smokers.
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toward a smoke-free environment
in the restaurants and bars of Japan? Limitations
of partial bans and their enforcement
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Abstract

Background In April 2020, the revised Health Promotion Act and Tokyo Metropolitan Ordinance to prevent second-
hand smoke (SHS) exposure was fully enforced. The government has provided an exemption for small-scale, existing
establishments by allowing them ‘unregulated’status, and it is unclear to what extent indoor smoking bans have been
applied in these small bars and restaurants. In this study, we report on indoor smoking status before/after the enforce-
ment of the current legislation both regulated and unregulated restaurants and bars.

Methods Self-questionnaire surveys were conducted in March 2020 and 2021. We applied the questionnaire

to 6,000 restaurants and bars in Tokyo, Osaka and Aomori in the first survey and to 3609 restaurants in the second
survey, including those that had responded to the first survey as well as 2800 additional establishments. We calcu-
lated the proportions of indoor smoking status before/after enforcement both regulated and unregulated establish-
ments. In addition, we calculated the national estimate of indoor smoking status in all restaurants and bars in Japan
after the enforcement using a restaurant guide website and the results of this study.

Results The responded establishments were 879 to the first (response rate: 14.7%) and 837 to the second (response
rate: 23.2%). Of all the establishments, 67.0% kept “separate smoking or smoking” status, and 62.1% of unregulated
establishments kept “separate smoking or smoking”. Although all the regulated establishments were required

to change to"no smoking” by law, 78.4% that were “separate smoking or smoking” before the enforcement did

not change their indoor smoking status. The national estimate of smoking status showed that the proportion of “no
smoking”would change from 54.5% to 69.4% after the enforcement. If all requlated establishments changed smoking
status to “no smoking’, the ideal proportion of “no smoking” would be 85.8% in Japan.

Conclusions More unregulated restaurants and bars changed to "no smoking”than planned before the enforce-
ment. In contrast, most of the regulated restaurants and bars continued to be “separate smoking or smoking”in non-
compliance with the legislation. In order to prevent SHS exposure in all restaurants and bars, we need comprehensive
legislation for indoor smoking bans in Japan.

Keywords Second hand smoking, Passive smoking, Smoke-free legislation, Restaurants, Smoking Cessation, Smoking
Prevention
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Introduction

Tobacco kills more than eight million people a year
worldwide, and around 1.2 million of those deaths are
the result of non-smokers being exposed to secondhand
smoke (SHS) [1]. SHS exposure causes many negative
health outcomes including cardiovascular disease, cer-
ebrovascular disease, and cancer [2, 3]. In addition, it has
been reported that occupational exposure to SHS causes
respiratory symptoms and asthma in restaurants and
bars [2]. To protect the public from the harms of SHS,
the World Health Organization Framework Convention
on Tobacco Control (WHO FCTC) requires compre-
hensive smoking bans in all indoor public spaces [4]. In
recent years, several countries have introduced smoke-
free legislation in public spaces; however, although the
framework was ratified by 195 countries, only 67 have the
comprehensive smoke-free legislation FCTC calls for [5].

Although Japan has ratified FCTC, its smoke-free leg-
islation for public spaces has not been comprehensive.
While the revised Health Promotion Act of April 2020
strengthened smoke-free protections and prohibits
smoking in public places such as schools, hospitals, and
government offices, exceptions remain for restaurants
and bars. The revised law allows restaurants and bars to
set up indoor smoking-only rooms in which no eating
or drinking takes place and to permit the use of heated
tobacco products (HTPs) in smoking rooms where cus-
tomers can eat and drink (Supplementary Fig. 1). How-
ever, it has been shown that separating smokers and
non-smokers can lower elements of SHS exposure such
as the nicotine concentration in non-smoking areas, but
cannot eliminate it completely [3, 6]. Therefore, even if
smoking rooms were established, the air was cleaned, and
the building was ventilated, it would not adequately pre-
vent non-smokers in non-smoking areas from exposure
to SHS.

In addition, restaurants and bars which have an area of
less than 100 m? or have capital of 50 million yen or less,
and opened before April 2020 are except from the law,
and can choose indoor smoking status by posting infor-
mation signs [7]. Also in April 2020, the Tokyo Metropol-
itan Ordinance to prevent SHS exposure was enforced,
and this was more restrictive than the revised law in that
only restaurants and bars with no employees in addition
to regulation of seating area, capital and year opening
were allowed to choose indoor smoking by posting infor-
mation signs [8].

The number of restaurants and bars not regulated by
legislation was estimated at 20% in Tokyo and 50% in
46 other prefectures [9]. In these establishments, the
owners decide whether or not to allow indoor smoking.
Therefore, it is unclear how many have adopted smoke-
free rules since the enforcement of the SHS exposure
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legislation. Also, as the COVID-19 pandemic occurred at
the same time as the enforcement of the law, bar or res-
taurant owners might have hesitated to adopt a smoke-
free policy for fear of reducing sales at a time when
business was already drastically curtailed.

We aim to examine the current status of indoor smok-
ing in restaurants and bars before and after the enforce-
ment of the anti-SHS legislation, and examine how much
progress has been made with the implementation of
smoking bans, especially in the unregulated restaurants
and bars in Japan.

Method

Participants and data collection

The surveys were conducted twice, before and after the
enforcement. The first survey (before the enforcement)
was conducted in February—March 2020, and question-
naires were applied to 6,000 restaurants and bars operat-
ing in 20 cities in Tokyo, Osaka, and Aomori prefectures
(detailed questionnaires shown in Appendix 1). The
second survey (after the enforcement) was conducted
in March 2021. Of the 879 restaurants and bars that
responded to the first survey, 809 were still running in
2021 and were included in the second survey. A further
2,800 establishments that were still in operation in 38 cit-
ies in Tokyo, Osaka, and Aomori prefectures were added,
resulting in a total sample of 3,609 restaurants and bars
(detailed questionnaires shown in Appendix 2 and 3). For
both surveys, we mailed a self-administered question-
naire to respondents which they could return by mail or
complete online.

The sample prefectures were selected based on a
combination of degree of urbanization and the status
of enforcement of the anti-SHS legislation. Tokyo and
Osaka prefectures were selected as the metropolitan
samples, as the Tokyo Metropolitan Ordinance to pre-
vent SHS exposure was enforced in April 2020 and the
Osaka Prefectural Ordinance to prevent SHS exposure
will be enforced in 2025. In contrast, as the rural sample,
Aomori prefecture was selected because the ordinance
has not been enforced and is currently under considera-
tion. Furthermore, the adult smoking rate was the second
highest among the 47 prefectures in 2019 [10], making
smoking control a priority issue in health policy.

The sample selection of food and beverage establish-
ments was conducted using Tabelog.com (operated by
Kakaku.com Inc., Tokyo), a popular online restaurant
guide in which restaurants and bars from all over Japan
are registered.

First, we focused on restaurants and bars that were not
regulated by law and selected them based on the defini-
tions for small establishments: in Osaka and Aomori pre-
fectures restaurants with fewer than 50 seats and bars
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which were less than 100 m? in size and in the Tokyo
metropolitan area, restaurants with fewer than 20 seats
and bars with no employees. Second, we conducted ran-
dom sampling to avoid bias among food and beverage
service categories of restaurants and bars. The propor-
tion of each service category was based on the number
of establishments per service category registered on the
website. To ensure the number of establishments in each
service category would be approximately the same, the
sampling was conducted with the following proportions
as the target: 20% for Japanese food, 15% each for Japa-
nese gastropubs, cafes, and ramen shops, 10% for west-
ern food, 4% for family restaurants, 12.5% for bars and
pubs, 6% for Asian and international cuisine, and 2.5%
for barbecue restaurants. These service categories have
been adopted by the major restaurant guide websites in
Japan and are defined as follows: Japanese food refers to
a restaurant that serves traditional Japanese cuisine; Japa-
nese gastro pubs, called Izakaya in Japanese, are informal
Japanese bars that serve a variety of alcoholic drinks and
accompanying food; cafes are small restaurants or cof-
feehouses that serve light meals, beverages, and desserts;
ramen shops are restaurants that specialize in ramen
dishes (wheat-flour Japanese noodles in broth); west-
ern food refers to restaurants that serve western cuisine
(mainly European and American); family restaurants
mainly target families and their menus include a wide
variety of Japanese, Western and Chinese dishes at low
prices; bars and pubs focus on serving alcoholic drinks;
Asian and international cuisine refers to restaurants that
serve Asian or multiethnic dishes; and barbecue restau-
rants, called Yakiniku in Japanese, are restaurants where
customers can grill their meat themselves.

Measures

We recorded the indoor smoking status in restaurants
and bars before/after the enforcement, and also, in the
first survey, recorded plans for changing indoor smoking
status after the enforcement. The indoor smoking status
categories were “no smoking” and “separate smoking or
smoking”; the latter comprised “complete smoking sepa-
ration’, “area smoking separation’, “time limited smok-
ing separation’, and “smoking” In addition, we recorded
the location (Metropolitan: Tokyo and Osaka, Rural:
Aomori); seating area (less than 30 m?2, 31-100 m2, more
than 100 m?); year of opening (2010-March 2020: Janu-
ary-March 2020, 2015-2019, 2010-2014, before 2010,
2000-2009, before 1999); service category (serves mainly
alcohol: Japanese gastropub, bars and pubs; serves mainly
meals: Japanese food, cafes, ramen shops, western food,
family restaurants, Asian and international cuisine, and
barbecue restaurants); and the number of employees
(zero—one employee, two or more employees).
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Data analysis

We calculated the proportion of the indoor smoking
options in operation before and after the enforcement
and conducted a chi-square test to compare differ-
ences in restaurant and bar characteristics between
indoor smoking status in the first and second surveys:
“stayed no smoking’, “changed from separate smoking
or smoking to no smoking’, and “stayed separate smok-
ing or smoking” We conducted these analyses for both
the regulated establishments that had been required
to change to “no smoking” by the legislation and the
unregulated establishments that could choose “no
smoking’, “separate smoking or smoking” indoor smok-
ing status.

To examine the impact of non-response on indoor
smoking status, a sensitivity analysis was conducted.
We focused on 86 nonresponding restaurants and bars
about indoor smoking status in each 2019 and 2020,
and we assumed the following for patterns for these
86 restaurants and bars, and calculated the proportion
of no smoking for each of the patterns: 1) if all nonre-
sponding restaurants and bars were no smoking in 2019
and 2020, 2) if nonresponding restaurants and bars in
2019 are no smoking and in 2020 are separate smoking
or smoking, 3) if nonresponding restaurants and bars
in 2019 are separate smoking or smoking and in 2020
are no smoking, 4) if all nonresponding restaurants and
bars are separate smoking or smoking both in 2019 and
2020.

In addition, we estimated the indoor smoking status
of restaurants and bars before/after the enforcement
both nationally and for establishments that mainly
served meals and those that mainly served alcohol
(Standardized Proportion of Indoor Smoking Status:
SPISS) using the calculation (detailed methods shown
in Appendix 4),

I
SPISSys = > > pijys * wy
i

Wij = Ti *Rl'j/T

where i indicates location: i=0 is Tokyo and i=1 is 46
prefectures other than Tokyo; j indicates the regulated
status by law: j=0 is not regulated and j=1 is regulated;
y indicates survey point in time: y=0 is 2019, and y=1 is
2020: s indicates indoor smoking status; s=0 is no smok-
ing, and s=1 is separate smoking or smoking.

SPISSys was the sum of pjjs * wij. pijys was the pro-
portion of indoor smoking status observed in this
survey, and w;; was the distribution of restaurants and
bars in Japan used as weighting. w; was calculated
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using the Tabelog database (7T was the total number
of restaurants and bars, T; was the number of restau-
rants and bars in Tokyo and in 46 prefectures) and R;
was the expected proportion of regulated or unregu-
lated establishments after the enforcement in Japan
(the number of restaurants and bars not regulated by
law was estimated at 20% in Tokyo and 50% in 46 other
prefectures).

All analyses were conducted in R version 3.6.1 [11].

“Ethical Guidelines for Medical and Health Research
Involving Human Subjects” were not applicable as this
study examined restaurants and bars not human subjects,
and ethics approval was waved by institutional review
board of Osaka University: Ethical Review Board Osaka
University Hospital. Information on each restaurant and
bar was handled on personal computers with appropriate
security measures such as setting passwords and install-
ing security software, so that no disadvantage could arise
from this study.

Results

Of 6,000 restaurants and bars approached in the first sur-
vey, 879 responded to the questionnaire (response rate:
14.7%). Of 3,609 restaurants and bars, approached in the
second survey, 837 responded (response rate: 23.2%). Of
these, 707 were included in the analysis, after excluding
those that did not answer questions about their indoor
smoking status before the enforcement, seating areas,
and the number of employees (Tokyo only), and those
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that opened after April 2020. Of the 707 establishments,
457 were unregulated with less than 100m?* of seating
area and no employees (Tokyo only), and 250 were regu-
lated (Fig. 1).

Characteristics of the restaurants and bars

In terms of characteristics, a higher proportion of estab-
lishments were in a metropolitan location, opened
before 2010, had 31-100 m? seating area, more than two
employees, mainly served meals and did not allow use
of HTPs. The significant differences in characteristics
between the unregulated and regulated establishments
were in location (metropolitan: 59.1% of the unregu-
lated and 88.8% of the regulated establishments), seating
area (31-100 m% 60.6% of the unregulated establish-
ments, 26.8% of the regulated establishments), num-
ber of employees (more than two employees: 48.6% in
the unregulated, 68.4% in the regulated establishments)
(Table 1).

Indoor smoking status before and after enforcement

of the legislation

Among the 707 establishments analyzed, the proportion
of “no smoking” was 54.6% (386/707) before and 67.3%
(476/707) after the enforcement (Supplementary Fig. 2).
Results of the sensitivity analysis showed the following
the proportion of “no smoking” before/after the enforce-
ment: (1) if all nonresponding restaurants and bars are
“no smoking” both in 2019 and 2020: 58.8% (458/779)

| A total of 6,000 restaurants and bars in Tokyo, Osaka, and Aomori prefectures invited to join survey before the enforcement |

I 879 restaurants and bars returned the questionnaire for survey before the enforcement (response rate:14.7%) |

809 restaurants and bars were still running at time of
survey after the enforcement

2,800 restaurants and bars were newly added to the survey
after the enforcement in Tokyo, Osaka, and Aomori prefectures

837 restaurants and bars were still running at time of survey after the enforcement (response rate:23.2%)

Excluded (n=130);

* missing data on seating area (n=23)

* missing data on number of employees in Tokyo prefecture (n=10)

* missing data on indoor smoking status before the enforcement (n=72)
+ opened after April 2020 (n=25)

457 restaurants and bars were unregulated
by smoke-free legislation

250 restaurants and bars were regulated
by smoke-free legislation

Seating area was less than 100 square meters
No employees in Tokyo prefecture only

Fig. 1 Flow diagram of the selected restaurants and bars in this study

Seating area was more than 100 square meters
One or more employees in Tokyo prefecture only
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Table 1 Differences in characteristics between regulated and unregulated restaurants and bars
All establishments (n=707) Unregulated (n=457) Regulated (n=250) p-value
n % n % n %
Location <0.01
Metropolitan: Tokyo, Osaka 492 69.6 270 59.1 222 88.8
Rural: Aomori 215 304 187 40.9 28 11.2
Year of opening 0.86
before 2010 361 51.1 235 514 126 504
2010-March 2020 346 489 222 48.6 124 49.6
Seating area <0.01
less than 30m? 326 46.1 180 394 146 584
31-100m? 344 48.7 277 60.6 67 26.8
more than 100m? 37 52 0 0.0 37 148
Number of employees <0.01
zero—one employee 299 423 221 484 78 312
two or more employees 393 556 222 48.6 171 68.4
Service category 0.10
mainly served alcohol 182 257 108 236 74 296
mainly served meals 525 743 349 764 176 704
HTPs 0.74
allowance 47 6.6 28 6.1 19 76
not allowance 451 63.8 292 639 159 63.6

p-value: chi-square test between unegulated and regulated establishments
HTPs: heated tobacco products

Unregulated establishments: restaurants and bars not regulated by law and able to choose indoor smoking status

Regulated establishments: restaurants and bars regulated by law and required to implemennt smoking ban after the enforcement

before and 70.7% (551/779) after, (2) if nonresponding
restaurants and bars in 2019 are “no smoking” and in
2020 are “separate smoking or smoking”: 58.8% (458/779)
before and 65.3% (509/779) after, (3) if nonresponding
restaurants and bars in 2019 are separate smoking or
smoking and in 2020 are “no smoking”: 49.5% (386/779)
before and 70.7% (551/779) after, (4) if all nonresponding
restaurants and bars are “separate smoking or smoking”
both in 2019 and 2020: 49.5% (386/779) before and 65.3%
(509/779) after (Supplementary Table 1).

In the unregulated establishments, the proportion of
“no smoking” increased from 51.0% (233/457) to 67.4%
(308/457). In particular, among the unregulated estab-
lishments which had “separate smoking or smoking” sta-
tus before the enforcement, 34.8% (78/224) changed to
“no smoking” (Fig. 2, with more detailed indoor smoking
status is shown in supplementary Fig. 3). HTPs use was
permitted in 76.0% (19/25) of the unregulated establish-
ments that reported they were “staying separate smok-
ing or smoking’; and in 2.7% (8/294) of those that were
“staying no smoking” or “changing from separate smok-
ing or smoking to no smoking” (Supplementary Table 2).
In addition, 26% (33/127) of the unregulated establish-
ments that were “separate smoking or smoking” planned

to change their status to “no smoking” in the first survey;
however, after the enforcement, 40.2% (51/127) of them
actually changed their status to “no smoking” (Supple-
mentary Fig. 4).

Although all regulated establishments were required by
law to change their indoor smoking status to “no smok-
ing’, 78.4% (76/97) of those that were “separate smoking
or smoking” before the enforcement did not change their
status and were “staying separate smoking or smoking”
This was equivalent to 31.2% (78/250) of all the regulated
establishments that were legally required to change their
status (Fig. 3, with more detailed indoor smoking status
shown in supplementary Fig. 5). HTPs use was allowed in
60.0% (12/20) of the regulated establishments that were
“staying separate smoking or smoking’;, and 4.4% (7/158)
of those that were “staying no smoking” or “changing
from separate smoking or smoking to no smoking” (Sup-
plementary Table 3).

Differences in the characteristics of restaurants and bars

In the unregulated establishments, there were significant
differences in characteristics between “changing from
separate smoking or smoking to no smoking” and “stay-
ing separate or smoking” in number of employees (more
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Fig. 2 Changing indoor smoking status for the unregulated restaurants and bars before/after enforcement of smoke-free legislation. We observed
the actual indoor smoking status in the unregulated restaurants and bars that were able to choose whether to implement smoking bans
or continue to allow smoking in the survey before and after the enforcement, and calculated the proportion of indoor smoking status
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Fig. 3 Changing indoor smoking status for the regulated restaurants and bars before/after enforcement of smoke-free legislation. We observed
the actual indoor smoking status in the regulated restaurants and bars that had to implement smoking bans in the survey before and after
the enforcement, and calculated proportion of indoor smoking status
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than two employees; 60.3% “changing from separate or
smoking to no smoking’; 43.9% “staying separate smoking
or smoking’, p<0.05), seating areas (31-100 m% 76.9%
“changing separate smoking or smoking to no smoking’,
39.6% “staying separate or smoking’, p <0.01), and service
categories (serves mainly meals; 79.5% in “changing sepa-
rate smoking or smoking to no smoking’; 52.5% “staying
separated or smoking’, p <0.01) (Supplementary Table 2).
In the regulated establishments, the only significant dif-
ference in characteristics between “staying no smoking’,
“changing separate smoking or smoking to no smoking”
and “staying separate or smoking” was in the service cat-
egory (serves mainly alcohol: 59.0% “staying separate or
smoking’, 16.7% “staying no smoking’, “changing from
separate smoking or smoking to no smoking’, p<0.01)
(Supplementary Table 3). In terms of owner smoking sta-
tus, among owners of unregulated establishments, more
never or former smokers changed to “no smoking” than
stayed “separate smoking or smoking” Owners who were
never or former smokers may be more likely to imple-
ment a change in indoor smoking status to a complete
smoking ban (Supplementary Table 4).

National estimate of the indoor smoking status of all
restaurants and bars in Japan

The estimated national proportion of “no smoking” in
all establishments before the enforcement was 54.5%
and 69.4% after. When we divided establishments by
legal regulation status, 30% of regulated establishments
continued to be “separate smoking or smoking” after
the enforcement despite the legal requirement that they
ban indoor smoking. If compliance with the legislation
had been complete and all regulated establishments had
changed to “no smoking” as an ideal situation, the esti-
mated national proportion of “no smoking” would have
been 85.8% after the enforcement (Table 2, Fig. 4, Supple-
mentary Table 5, Supplementary Fig. 6).

In addition, the estimated national proportion of “no
smoking” in establishments that mainly served meals
changed from 59.1% to 75.3% after the enforcement, and
the estimated ideal proportion of “no smoking” when
full legal compliance was achieved was 90% (Supplemen-
tary Table 6, Supplementary Fig. 7-A, B). The estimated
national proportion of “no smoking” in establishments
that mainly served alcohol changed from 43.9% to 51.5%,
and the estimated ideal national proportion of “no smok-
ing” when full legal compliance was achieved was 73.4%
(Supplementary Table 6, Supplementary Fig. 7-C, D).

Discussion

To our knowledge, this is the first study to report on
indoor smoking status before and after the enforcement
of the law to focus on both unregulated and regulated
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establishments in Japan. Among the unregulated estab-
lishments that were “separate smoking or smoking”
before the enforcement, more actually changed to “no
smoking” after the enforcement than had originally
expressed an intention to change. In contrast, almost
80% of the regulated establishments that were “separate
smoking or smoking” before the enforcement became
illegal afterwards as they maintained “separate smoking
or smoking” status. In this study, we found that smok-
ing bans were increasingly in operation in unregulated
restaurants and bars; in contrast, indoor smoking was
continuing in regulated establishments. The fact that
smoking is continuing after the enforcement in regu-
lated restaurants and bars may be a serious issue for
public health. These findings may indicate shortcomings
in communication of the law to restaurants and bars,
and inadequate implementation of the law, which might
have been exacerbated by the COVID-19 pandemic. It
is necessary to ascertain, in detail, the reasons for bar or
restaurant owners not changing their indoor smoking
status, the degree of understanding of the current legis-
lation, and the extent to which smoking rooms are still
included in restaurants and bars. These findings can then
be used to assist in the enforcement of comprehensive
anti SHS legislation in Japan.

In our results, the proportion of all nonresponding res-
taurants and bars about indoor smoking status in 2019
and 2020 was 11.0% (86/779). If all non-respondents were
“separate smoking or smoking”, the proportion of “no
smoking” was 5.1% lower in 2019 and 2.0% lower in 2020
than the observed proportion. Therefore, the proportion
of “no smoking” may have been overestimated compared
with the actual proportion of “no smoking”

According to the national estimate of indoor smok-
ing status in Japan, establishments that mainly served
alcohol made less progress in changing to “no smoking”
The estimated national proportion of “no smoking” in
all mainly alcohol establishments was lower than in all
mainly meals establishments. There was 23.8% differ-
ence in “no smoking” between mainly meals and mainly
alcohol establishments in the current situation after
the enforcement, and 16.6% difference in “no smok-
ing” in the ideal situation after the enforcement. Since
unregulated establishments can freely select indoor
smoking status, little progress has been made in terms
of voluntary smoking bans in the mainly alcohol estab-
lishments but the proportion of “no smoking” after
the enforcement was higher in the unregulated mainly
meals establishments. In addition, although all regu-
lated establishments were required to impose an indoor
smoking ban by the legislation, many did not comply.
The proportion of regulated establishments which did
not change smoking status was higher in mainly alcohol
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Table 2 National estimate of indoor smoking status before/after the enforcement. National estimate of no smoking (%) and separate

or smoking (%) before the enforcement (2019)

Location Regula-  Number Expected Expected Expected No smoking (%) National estimate Separate smoking ~ National estimate
tion of estab- % ofregu-  number 9% of estab- before the enforce-  of no smoking (%) or smoking (%) of separate smoking
bylaw  lishments lated of estab- lishments ment observed before the enforce-  before the enforce-  or smoking (%)

in Tabe- orunregu- lishments W= T,*R//T in this study (2019)  ment (2019) SP/SSyS ment observed before the enforce-
log T; lated TR, Piys in this study (2019)  ment (2019) SPISS,
establish- Piys
ments R;

Tokyo unregu- T 129553  R;:0.2 To*Ry: Wye: 0.03 Poooo- 0.65 Poogo™Woo: 0.02 Pooor: 0-35 Poooi W 0.01
lated 25910.6
regu- R;:08 TRy Wy 0.13 Poigo: 062 Po100*Wo;: 0.08 Poor: 038 Poio; Wy 0.05
lated 1036424

46 prefec- unregu-  T,:694659 R;05 T *Ry: W, 042 Pigot 0-50 Piooo™Wi0: 0.21 Pioor: 0.50 Pigor " Wig: 0.21

tures other  lated 347329.5

than Tokyo
regu- R;:05 T*R;: w042 P1100- 0.56 Prioo™ Wy 0.24 Py 044 Piior*W;;:0.19
lated 347329.5

Total T:824212  1.00 SPISSgy: 0.55 SPISS,;: 0.45

National estimate of no smoking (%) and separate or smoking (%) after the enforcement (2020)

Location Regula-  Number Expected Expected Expected % No smoking (%) National estimate Separate smoking  National estimate
tion of estab- % ofregu-  number of the estab- after the enforce- of no smoking (%)  or smoking (%) of separate smoking
by law  lishments lated of estab- lishments ment observed after the enforce- after the enforce- or smoking (%)

in Tabe- orunregu-  lishments — w;=TR,/T in this study (2020)  ment (2020) SPISS,;  ment observed after the enforcement
log T, lated T,*R/ Piys in this study (2020)  (2020) SP/SSYS
establish- Piys
ments R;

Tokyo unregu- Ty 129553 R; 0.2 To*Ry: Wyo: 0.03 Pooio- 0.76 Pooio*Wop: 0.02 Poorr: 0.24 Poor W 0.01
lated 259106
regu- R;:0.8 TR Wp;: 0.13 Dorig- 0.68 Dor1o™Wp;: 0.09 Porpi0.32 Porii W 0.04
lated 103642.4

46 prefec- unregu-  T,:694659 R, 05 T *Ry; W, 042 Pioio- 067 Pi010™Ws0: 0.29 Piory: 032 Piory Wi 0.13

tures other  lated 347329.5

than Tokyo
regu- R;:05 T,*R;: w;;: 042 Ding 071 Di110™w;;:0.30 P10 0.29 Piriw;:0.12
lated 347329.5

Total 7824212 1.00 SPISS;,:0.69 SPISS;;:0.31

SPISS,; was the estimated proportion of nationwide indoor smoking status in restaurants and bars in Japan before/after the enforcement

iindicates location: i=0 is Tokyo and i=1 is 46 prefectures other than Tokyo
jindicates the regulated status by law: j=0 is unregulated and j=1 is regulated
yindicates survey point in time: y=0is 2019, and y=1 is 2020

sindicates indoor smoking status: s=0 is no smoking and s=1 is separate smoking or smoking

than in mainly meals establishments. These results
might suggest the decision to create a smoke-free envi-
ronment depended on whether or not the establish-
ment served alcohol. Furthermore, these results suggest
that under the current Japanese law that permits
establishments to remain unregulated, it is difficult to
make progress in making all bars and restaurants “no
smoking”.

Previous studies indicated that never or former
smoker owners or employees in restaurants and bars
were more likely to have a positive attitude towards the
smoke-free legislation [12, 13]. Hence, the smoking sta-
tus of owners would affect with the decision regarding
indoor smoking status. The promotion of “no smoking”
in unregulated establishments may also be associated

with the owner’s own smoking status or the service cat-
egory of the establishment.

We found more restaurants and bars which serve
mainly alcohol in the “staying separate or smoking” cat-
egory than in the “changing from separate smoking or
smoking to no smoking” in this study. Previous stud-
ies have shown that smoking bans were more prevalent
in the mainly meals than the mainly alcohol restaurants
and bars [14, 15], and the present study found similar
results. Indoor smoking is common in bars or pubs, and
owners would be concerned about the possible reduction
of customers or sales that would result from an indoor
smoking ban [16]. In Japan, the mainly alcohol restau-
rants and bars have traditionally been regarded as places
where smoking is socially acceptable [15]. It appears that
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All establishments
before the enforcement (2019)

All establishments
in the current situation (2020)

Page 9 of 13

All establishments in the ideal situation
after the enforcement

No smoking
54.5%

Estimated proportion of no smoking in all in
Japan

No smoking

69.4%

Estimated proportion of no smoking in all
establishments in Japan

No smoking

85.8%

Ideal estimated proportion  of smoking bans in
all establishments in' Japan

If all regulated establishments changed
smoking status to “no smoking” according to
the law, it is estimated that 85.8% of all

bli would ‘be “smoking ban” in

Japan.

Separate smoking or smoking

40.9%

Separate smoking or smoking

24.7%

_— |
Separate smoking or smoking
14.2%

Fig. 4 National estimate of indoor smoking status in all restaurants and bars before/after the enforcement. Estimated proportion of indoor
smoking status before/after the enforcement was calculated by summing up the value of multiplying “Proportion of number of establishments
in the Tabelog” by “Proportion of establishments in this study that were observed as no smoking, separated or smoking” before/after

the enforcement. Ideal estimated proportion of smoking status in the ideal situation after the enforcement was estimated using the proportion
assuming all regulated establishments changed “No smoking”and the national estimated proportion of “No smoking”in the unregulated

establishments

voluntary smoking bans in unregulated, mainly alcohol
establishments may be less aggressively promoted than
other service categories.

The reality that we observed was that almost 80% of
the regulated restaurants and bars that were required to
change to “no smoking” by law did not change. The res-
taurants and bars that kept “separate smoking” or “smok-
ing” contrary to the law, were more likely to serve alcohol
and allow HTDPs in their seating areas than those restau-
rants and bars in “staying no smoking” or “staying sepa-
rate or smoking”. It has been indicated that many owners
of restaurants or bars where alcohol can be consumed did
not comply with the law regarding smoking bans. Reluc-
tance to comply with the ban has been evident in many
countries; in the face of forthcoming smoking bans, bar
and restaurant owners in Ireland, Canada, and United
States used scaremongering tactics (including fear of
breaking the law and loss of employment for hospitality
sector workers) to try to prevent the ban [17]. Further-
more, the partial Japanese law allows the establishment
of heated tobacco smoking rooms, where eating and
drinking are allowed, even in restaurants and bars that
are regulated by the law. Therefore, it is possible that
these restaurants and bars have chosen not to change
to a completely smoke-free environment. We found that
establishments meeting regulation criteria are allowed to
operate as a “smokers’ lounge” if their primary purpose is
smoking and face-to-face sales of tobacco products, and

if it is limited to serving light meals and alcohol (Sup-
plementary Fig. 1). Therefore, some regulated establish-
ments may have changed their business designation to
smokers’ lounge in order to continue operating even if
the law requires them to change to an indoor smoking
ban. Also, under the law, unregulated establishments
can set up smoking rooms/areas [7]. However, regu-
lated establishments may mistakenly believe that their
establishments are unregulated by law and choose to
have smoking rooms/areas without notifying the govern-
ment. Second, almost 30% of owners of restaurants and
bars reported not fully understanding the revised Health
Act or Tokyo Metropolitan Ordinance to prevent SHS
exposure in the survey in Tokyo [18] and Osaka prefec-
tures [19]. In this study, almost 30% of all establishments
that had to change to “no smoking” were non-compliant
with the law, which echoed the results of previous sur-
veys. Previous studies indicated that a lower level of
knowledge about the smoke-free legislation was associ-
ated with maintaining separate indoor smoking areas in
restaurants and bars [20]. Third, it is possible that own-
ers of restaurants and bars are knowingly not complying.
Minimal sanctions and inadequate regulation have been
considered as impediments to widespread smoking bans
in previous studies [21, 22]. In Japan, there are penalties
for violation of the anti SHS legislation but these are basi-
cally warnings, not immediate business suspensions or
fines. In addition, monitoring is carried out only through
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reports from the general public, and not by governments.
Furthermore, Japan’s smoke-free legislation is partial, and
this may be associated with the non-compliance. It has
been reported that the prevalence of illegal in-bar smok-
ing was higher in countries with partial smoke-free leg-
islation than in countries with comprehensive legislation
[23]. If the competing restaurants and bars that were not
regulated by legislation continue to allow indoor smok-
ing, the regulated establishments may not change their
indoor smoking status, for fear of losing custom and sales
[22].

Enforcement of the law in Japan coincided with the
COVID-19 pandemic. Therefore, restaurants and bars
that were negatively affected by the economic impact
of COVID-19 may have been concerned that the smok-
ing ban would further drive away customers. However,
it is already clear that the implementation of the smoke-
free law does not have any economic impact on restau-
rants and bars [24-26]. Therefore, now that four years
have passed since the pandemic, it is necessary to com-
municate again with the regulated restaurants and bars
and take action to allay their concerns about economic
impact.

Under the partial law in Japan, it may be difficult to
achieve total smoking bans in restaurants and bars. It has
been pointed out that the exceptions to legal regulations
may cause confusion in understanding and complying
with the law, which may eventually lead to noncompli-
ance [27, 28]. Additionally, voluntary smoke-free poli-
cies based on the self-judgement of restaurants and bars
that are exceptions to the law are not effective and the
adoption of effective legislative, executive or adminis-
trative measures is necessary [6, 29]. Furthermore, the
establishment of smoking rooms permitted by the law
also prevents total smoking bans in restaurants and bars.
The elimination of tobacco smoke must be absolute to
create a comprehensively smoke-free environment. The
smoking rooms, ventilation or air filtration advocated by
the tobacco industry have not been effective, and have
reduced the effectiveness of smoke-free areas in restau-
rants and bars. Japanese law has hampered the achieve-
ment of completely smoke-free restaurants and bars and
in some cases allowed HTPs use in the same room as eat-
ing and drinking customers.

It has been reported that second-hand aerosol expo-
sure from HTPs is associated with both asthma attacks/
asthma-like symptoms and persistent cough in non-
smokers [30]. It has further been suggested that HTPs
may cause health hazards similar to those of tobacco.
The current Japanese law permitting the establishment of
HTPs smoking rooms in restaurants and bars is unlikely
to protect the health of employees, and strong regula-
tion of HTPs use is needed. It has also been reported that
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countries with partial laws are less likely to achieve adult
smoking cessation than those with comprehensive laws
[24, 29, 31]. The fact that smoking rates have not declined
may suggest lower support for, and compliance with, the
law among smokers in Japan than in countries with com-
prehensive laws.

It is already clear worldwide that the comprehen-
sive law maximizes the effectiveness of smoking bans.
Enforcement of the law has improved respiratory symp-
toms and lung function among bartenders, a job category
vulnerable to SHS exposure [2]. While the observed nico-
tine concentration decreased in establishments that were
made smoke-free by law, the observed concentration in
bars and restaurants that were exempt from legal regu-
lation was very high, indicating a very high risk of SHS
exposure for those who work in these restaurants and
bars [27]. A previous study conducted in six European
countries revealed that SHS exposure in public places,
including restaurants was lower in countries with com-
prehensive laws than in countries with partial laws [29].

It has been suggested that there are two approaches
to the successful enforcement of such comprehensive
laws: the first is to build voluntary compliance, which
involves awareness-raising strategies such as educational
campaigns; the second is a proactive approach, which
involves monitoring compliance and imposing penalties
and sanctions on violators [28, 32].

Japanese law, which has approaches such as the crea-
tion smoking rooms, is unlikely to prevent SHS exposure
and smoking-related disease among employees, as shown
in previous studies in other countries; as long as the law
is partial, it is expected that it would be difficult to make
progress in creating entirely smoke-free restaurants and
bars. Following the example of Spain, where a compre-
hensive law was enforced sometime after a partial law
which allowed smoking rooms in restaurants and bars,
Japan needs to revise its law as soon as possible, to end
legal exemptions which make it possible for restaurants
and bars to allow indoor smoking. In addition, it is neces-
sary not only to simply improve the law, but also to con-
duct awareness-raising activities, to monitor compliance,
strengthen penalties by administrative intervention, and
to enhance communication to gain policy support so that
the law can be fully enforced and the compliance rate
increased, as indicated as a strategy”

Strengths and limitations

We have reported the impact of the revised Health Pro-
motion Act or the Tokyo Metropolitan Ordinance to pre-
vent SHS exposure on smoking bans in restaurants and
bars in Japan for the first time. The revised law will be
reviewed by the government in 2025. The results of this
study indicate problems of smoking bans in restaurants
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and bars due to the limited regulation by the current law
and provide important evidence for discussion with pol-
icy makers for a review of the law.

However, there are several limitations to this study.
First, the survey response rate was only 14.3% before the
enforcement and 23.2% after. This may indicate that the
responses came primarily from owners who were inter-
ested in smoking bans. If so, among the establishments
that did not answer, there may be a considerable number
of restaurants and bars that will continue to allow indoor
smoking. Thus, the proportion of “no smoking” in unreg-
ulated restaurants and bars may be lower than found in
this study. Second, there were potential errors due to
the self-completion of the questionnaire which could
affect the validity and reliability of the results, espe-
cially for indoor smoking status. Third, the revised laws
or ordinances were implemented during the COVID-
19 pandemic era. The impact of this pandemic on the
determination of indoor smoking status in restaurants
and bars would be difficult to examine, as it requires
comparison with a hypothetical situation in which there
was no COVID-19 pandemic. Fourth, the present study
was based on self-administered questionnaire survey
responses by owners only. The opinions of employees
or customers regarding smoking bans in restaurants
and bars could not be ascertained. Moreover, there is
no objective assessment of the extent to which owners,
employees, or customers are actually exposed to SHS
such as levels of nicotine and particulates in the breath,
and cotinine in saliva, urine, and hair. In order to clar-
ify the impact of the partial law on people’s support for
smoking bans and on the health on employees and oth-
ers, it is necessary to conduct further surveys with a wide
range of subjects and to evaluate SHS exposure from
both subjective and objective perspectives in the future.

Conclusion

The current implementation of indoor smoking bans in
restaurants and bars is progressing in a higher proportion
of establishments than planned before the enforcement.
On the other hand, we observed restaurants and bars
that have not implemented a ban despite being legally
required to do so. These findings indicate that the details
of the law may not have been adequately communicated
to restaurants and bars and that the legislation is inad-
equate and its enforcement insufficient. In order to pro-
gress the indoor smoking bans in all restaurants and bars,
it may be important to communicate the details of the
legislation more insistently and in easily understood lan-
guage. Also, further examination of the detailed factors
that advance or hinder indoor smoking bans in restau-
rants and bars is necessary. We need to continue to mon-
itor indoor smoking status, and to discuss the necessity
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of implementing comprehensive regulation in Japan with
policy makers, researchers, owners and employees in res-
taurants and bars. This approach will enable us to share
the issues related to understanding or complying with the
current legislation, and to consider effective revisions to
the law or ordinance regarding SHS exposure in restau-
rants and bars with policy makers.

Abbreviations

SHS Secondhand smoke

WHO FCTC ~ World Health Organization Framework Convention on Tobacco
Control

HTPs Heated tobacco products
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smoke-free legislation and the indoor smoking status that they actually
implemented after the enforcement.

Additional file 9: Supplementary Fig. 5. Changes in indoor smoking status
for the regulated restaurants and bars before and after the enforcement of
the smoke-free legislation. This figure shows the more detailed changing
indoor smoking status in the regulated restaurants and bars in this survey
before and after the enforcement than Fig. 3.

Additional file 10: Supplementary Fig. 6. National estimate of indoor smok-
ing status in all restaurants and bars by regulation status before/after the
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enforcement. This figure shows the national estimation of indoor smoking
status in both the regulated and unregulated restaurants and bars before
and after the enforcement in Japan.

Additional file 11: Supplementary Fig. 7-A. National estimate of indoor
smoking status in restaurants and bars that mainly served meals before/
after the enforcement. Supplementary Fig. 7-B. National estimate of
indoor smoking status in all restaurants and bars that mainly served
meals by regulation status before/after the enforcement. Supplementary
Fig. 7-C. National estimate of indoor smoking status in restaurants and
bars that mainly served alcohol before/after the enforcement. Sup-
plementary Fig. 7-D. National estimate of indoor smoking status in all
restaurants and bars that mainly served alcohol by regulation status
before/after the enforcement. These figures represent the national estima-
tion of indoor smoking status in restaurants or bars, based on the service
categories and the regulated or unregulated by law.

Additional file 12: Supplementary Table 1-A. Proportion of no smoking

in restaurants and bars observed in the present study and calculated in
the sensitivity analysis. Supplementary Table 1-B. Proportion of changing
indoor smoking status in restaurants and bars observed in the present
study and calculated in the sensitivity analysis. This table shows the pro-
portion of "no smoking”and the proportion of changing indoor smoking
status in restaurants and bars observed in this study and calculated in the
sensitivity analysis.

Additional file 13: Supplementary Table 2. Differences in characteristics of
the unregulated restaurants and bars regarding changes in indoor.  This
table shows the detailed characteristics of the unregulated restaurants
and bars.

Additional file 14: Supplementary Table 3 (xIsx): Differences in character-
istics of the regulated restaurants and bars regarding changes in indoor.
This table shows the detailed characteristics of the regulated restau-

rants and bars based on the changing indoor smoking status.

Additional file 15: Supplementary Table 4. Smoking status of owners
before the enforcement and changing indoor smoking status before and
after the enforcement in the unregulated restaurants and bars. This table
shows the smoking status of owners in the unregulated restaurants and
bars before the enforcement of the law based on the changing indoor
smoking status.

Additional file 16: Supplementary Table 5-A. National estimate of no
smoking (%) and separate smoking or smoking (%) by regulation before
the enforcement (2019). Supplementary Table 5-B. National estimate of no
smoking (%) and separate smoking or smoking (%) by regulation before
the enforcement (2020). These tables show the results of national estima-
tion of indoor smoking status in Japan before and after the enforcment
of the law.

Additional file 17: Supplementary Table 6-A. National estimate of no smok-
ing (%) and separate smoking or smoking (%) by service category before/
after the enforcement. Supplementary Table 6-B. National estimate of no
smoking (%) and separate smoking or smoking (%) by service category
and regulation by law before/after the enforcement. These tables show
the results of natonal estimation of indoor smoking status in Japan based
on the service category and the regulated or unregulated by law.
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Assessment of urinary cotinine levels in heated tobacco product (HTP) users:

Effectiveness of enzyme-linked immunosorbent assay (ELISA)

Ying Jian*, Kazuaki Kawar™, Yun-Shan Li**, Noriaki Kakrucar™ and Hiroshi Yamato™

Key words : heated tobacco  products, wurinary cotinine, enzyme-linked immunosorbent assay,

liquid chromatography-mass spectrometry

Objectives  Urinary cotinine concentration is widely used as a reliable biomarker to objectively evaluate smoking

Methods

Results

status. High-precision methods, such as liquid chromatography-mass spectrometry (LC-MS) and gas
chromatography-mass spectrometry (GC-MS), are mainly used for measuring cotinine concentrations.
However, these techniques require expensive equipment and specialized analytical techniques; therefore,
they are not suitable for large-scale surveys. Conversely, enzyme-linked immunosorbent assay (ELISA),
which is simple and low-cost and has a precision comparable to that of LC-MS and GC-MS, has attracted
attention. ELISA has been shown to be useful for evaluating urinary cotinine levels in combustible ciga-
rette smokers; however, its application to heated tobacco product (HTP) users has not yet been exam-
ined. Thus, in this study, we aimed to measure urinary cotinine concentrations in HTP users and ascertain
whether ELISA is as effective as LC-MS for such measurements.

Urine samples were collected from workers at a certain workplace during lunch breaks on weekdays. In
total, 33 participants were analyzed: 11 nonsmokers, 13 cigarette-only smokers, and 9 HTP-only users.
Urinary cotinine concentrations were measured using LC-MS and ELISA. The correlation between the
measurements obtained using these methods was evaluated using Pearson’s correlation coefficient; the
agreement was examined using the Bland—Altman analysis.

The ELISA and LC-MS results showed a high correlation (cigarette-only smokers: r = 0.84, P <
0.001; HTP-only users: r = 0.96, P < 0.001). The Bland—Altman plot showed a high degree of agree-
ment, with 90.9% of the data between both methods falling within the limits of agreement.

Conclusion ELISA was useful for evaluating urinary cotinine levels in cigarette smokers and HTP users. Because

of its convenience and low cost, ELISA is expected to be utilized for large-scale epidemiological surveys

and promoting smoking control in workplaces.

* Department of Health Development, Institute of Industrial Ecological Sciences, University of
Occupational and Environmental Health, Japan
2* Department of Environmental Oncology, Institute of Industrial Ecological Sciences, University
of Occupational and Environmental Health, Japan
3% Department of Work Systems and Health, Institute of Industrial Ecological Sciences, University
of Occupational and Environmental Health, Japan
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