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ABSTRACT

Objectives: This study aimed to assess the trend in the prevalence of alcohol use in non-smoking/smoking groups
and that of smoking in non-drinking/drinking groups using Japanese school-based nationwide surveys.

Design: Nationwide cross-sectional surveys were conducted from 1996 to 2017. Surveyed schools, both junior
and senior high schools, considered representative of the entire Japanese nation, were sampled randomly. Enrolled
students completed a self-reported and anonymous questionnaire on smoking and drinking behaviour.

Results: Since 1996, the prevalence of alcohol use and smoking among adolescents has decreased in each survey.
The prevalence of alcohol use in the non-smoking group was 29.0% in 1996 and 4.0% in 2017, and in the smoking
group, was 73.3% in 1996 and 57.4% in 2017. The reduction rate (the difference in prevalence between 1996 and
2017 divided by the prevalence in 1996) was 0.86 in the non-smoking group and 0.22 in the smoking group. The
prevalence of smoking in the non-drinking group was 6.7% in 1996 and 0.7% in 2017, while that in the drinking
group was 32.5% in 1996 and 18.9% in 2017. The reduction rate was 0.90 in the non-drinking group and 0.42 in
the drinking group. Therefore, downward trends differed among the groups. In a sub-analysis limited to senior
high school students, we divided students into three groups according to the intention of further education. From
1996 to 2017, there was a consistent difference in the prevalence of alcohol use and/or smoking among these
groups.

Conclusions: The situation of alcohol use and smoking among Japanese adolescents seems to have improved.
However, specific groups showed poor improvements and that health risk behaviour disparity among Japanese
adolescents exists and may be widening. We need to explore high-risk groups and appropriate approaches or

interventions for such groups.

Strength and limitations of this study

*  The data were collected from periodical, nationwide large-sample surveys on Japanese adolescents from
1996 to 2017, and the study contained a large sample size (n=11584-64152 per year).

¢ This study focused on the co-use of alcohol and tobacco and analysed its trends in the sub-groups.

¢ Due to ethical concerns and inconvenience, school response rates were not as high as expected; however,

the student-response rate was preserved.

Keywords: alcohol use, smoking, adolescents, prevalence, Japan
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INTRODUCTION

Annually, smoking causes approximately 8 million deaths worldwide, and the harmful use of alcohol results in
approximately 3 million deaths.[1, 2] Smoking and alcohol consumption usually start during adolescence, leading
to the detrimental consequences of the epidemic of non-communicable diseases in adulthood. Health risk
behaviours (HRBs) are shaped by social, economic, and cultural forces and are major determinants of ill health
and health-related inequalities across the course of life.[3-6] Therefore, adolescence is a key period for controlling
HRBs. Some studies have identified alcohol use, smoking, drug use, and risky sexual behaviours as risk behaviour
clusters[7-10] and socioeconomic status as a strong predictor of engaging in multiple-risk behaviours.[11] Since
1996, our research group has been monitoring alcohol use and smoking among minors in Japan. According to a
report, the prevalence of alcohol use and smoking among adolescents in Japan has continued to decline, and it is
reported to be lower than that in the European countries and the United States.[12, 13] Despite the improvement
in the situation of alcohol use and smoking among Japanese adolescents, health inequalities and social disparities
are current public health issues in Japan.[14] It is important to examine whether an HRB disparity may exist
among Japanese adolescents. Researchers from other countries have reported that the prevalence of smoking and
alcohol use did not decrease in some adolescents over time[15-18]; however, a few studies have focused on the
co-use of alcohol and tobacco and analysed its trend in subgroups. Hence, we focused on the co-use of alcohol
and tobacco and hypothesised that some groups might have certain characteristics that would delay the reduction
in the prevalence of alcohol use and smoking. To verify our hypothesis, the research population was divided into
the following subgroups: smoking group/non-smoking group, drinking group/non-drinking group, and intention
to further education. Next, the trend in prevalence of alcohol use and smoking in each group was examined. To
further improve the status of alcohol use and smoking among adolescents, it is essential to evaluate these groups
and implement interventions. Incidentally drug use among adolescents in Japan is not a major problem; the
prevalence rate of drug use among teenagers was 0% in 2015.[19] Therefore, the present study aimed to evaluate
the nationwide prevalence of smoking and alcohol use, as they were main substance-use problems and have been

investigated as HRBs among Japanese adolescents.

METHODS
Study population

This was a cross-sectional random sampling survey that used single-stage cluster sampling.[20] Sampling was

performed by dividing Japan into regional blocks and randomly selecting schools from each block. Using the
national school directory, junior high schools and senior high schools throughout Japan were randomly extracted,
and all students enrolled in the sampled schools were subjects of the study. The number, selection rate, and
response rate of the schools for each survey are shown in Supplementary Table 1. The response rates of schools

ranged from 49.0% to 79.8%.
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Data collection

The study was approved by the Ethics Review Committee of Tottori University School of Medicine.
Supplementary Figure 1 shows the flowchart of data collection of the study. We sought the cooperation of the
principals of all schools and sent the survey forms to all students. The teachers encouraged students to respond
voluntarily and honestly. The students were given anonymised questionnaires and envelopes. The completed
questionnaires were put in envelopes by the students themselves, and the envelopes were collected by the teachers

in a sealed state and returned to our institute.

Measures

Alcohol use and smoking

The questionnaire focused on the students’ experiences, frequency of alcohol use (‘How many days have you
drunk alcohol in the previous 30 days?’), and smoking (‘How many days have you smoked cigarettes in the
previous 30 days?"). To assess the frequency of use, seven options were given: ‘0 days’, ‘1-2 days’, ‘3-5 days’,
‘6-9 days’, ‘1019 days’, ‘20-29 days’, or ‘every day’. Alcohol use and smoking were defined among those who
had consumed alcohol or smoked at least once during the previous 30 days. Only the 2017 survey inquired about
the frequency of smoking using three questions: ‘How many days have you smoked combustible cigarettes in the
previous 30 days?’, ‘How many days have you smoked heat-not-burn tobacco in the previous 30 days?’, and ‘How
many days have you smoked electronic cigarettes in the previous 30 days?’ Each question had seven options: ‘0
days’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’, ‘10-19 days’, ‘20-29 days’, or ‘every day’. Thus, this analysis regarded

combustible cigarette users as smokers in the 2017 survey.

Intention to pursue further education after graduating from senior high school

We assessed the intention to pursue further education after graduating from school (‘What is your intention after
graduating from school? Choose the option closest to your current feelings’). Seven options were given: ‘senior
high school’, ‘vocational school’, ‘2-year-college’, ‘college’, ‘graduate school’, ‘start working’, and ‘unknown’.
The intention to further education after graduating from school was categorised into four groups: (1) senior high
school graduation, (2) junior college (2-year college/vocational school), (3) college or higher educational degree

(4- or 6-year college/graduate school), and (4) unknown.

Data analysis

Proportions and 95% confidence intervals (CI) presented in the Tables were calculated using a weighting method
based on one-stage stratified cluster sampling.[20] Age-adjusted rates were described by using the number of
junior high and senior high school students nationwide in the School Basic Survey conducted by the Ministry of

Education, Science and Technology (2017) as a standard population. The Cochran—Armitage trend test was

performed to clarify the linear trend in prevalence by year. A p-value <0.05 was considered statistically significant.

All statistical analyses were performed using JMP Pro version 13 for Windows (SAS Institute Inc., Cary, NC,

USA). Missing data were excluded from the analysis. To measure the rate of change in prevalence, we calculated

4
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the reduction rate using the following formula: reduction rate = (Prevalence in 1996 — Prevalence in 2017) /

Prevalence in 1996.

RESULTS

Differences in the baseline characteristics of participating schools, students (sex and grade), alcohol use in the
previous 30 days, and smoking in the previous 30 days are presented in Table 1. From 1996 to 2017 the prevalence

of alcohol use and smoking decreased steadily without retardation.

BMJ Open

Table 1. Characteristics of the study participants in 1996, 2000, 2004, 2008, 2012, and 2017

Page 6 of 23

Year 1996 2000 2004 2008 2012 2017
(n=11584) (n=106297) (n=102451) (n=95680) (n=10050) (n=64152)
n (%) n (%) n (%) n (%) n (%) n (%)
Sex
Boys 57116  (49.3) 54576  (51.3) 55998 (54.7) 48525 (50.7) 51587 (51.6) 34582 (53.9)
Girls 58698  (50.7) 51721  (48.7) 46453  (45.3) 47155 (49.3) 48463  (48.4) 29570 (46.1)
School grade
Junior high school (12-15 y/o0)
Grade 7 14369  (12.4) 15372 (14.5) 13146  (12.8) 13302 (13.9) 13405 (13.4) 7384 (11.5)
Grade 8 14118  (12.2) 15916  (15.0) 13079 (12.8) 13649 (143) 12884 (12.9) 7329 (11.4)
Grade 9 14311  (12.4) 15958 (15.0) 13160 (12.8) 12925 (13.5) 12205 (12.2) 7415 (11.6)
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 275 0.3) 0 (0.0 87 0.1
Senior high school (15-18 y/o0)
Grade 10 24696 (21.3) 21142  (19.9) 21815 (21.3) 20157 (21.1) 21480 (21.5) 14201 (22.1)
Grade 11 25416 (21.9) 19600  (18.4) 21530 (21.0) 18328 (19.2) 20026 (20.0) 14212 (22.2)
Grade 12 22904  (19.8) 18309 (17.2) 19721 (19.2) 16785 (17.5) 20050 (20.0) 13404 (20.9)
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 259 0.3) 0 (0.0) 120 0.2)
Alcohol use/smoking
Alcohol use in the previous 30 days 44545  (38.7) 39497 (37.4) 30233  (29.7) 16110 (16.9) 12034 (12.1) 3584 (5.6)
Smoking in the previous 30 days 20070  (17.9) 16237 (15.7) 9614 (9.5) 4966 (5.2) 2851 (2.9) 1183 (1.8)

y/o: years old

Table 2 shows the prevalence rates for alcohol use only (30-day use), smoking only (30-day use), no-use, and co-
use from 1996 to 2017. In each survey, the prevalence of co-use among boys was higher than that among girls,

and a significant decrease was observed in each survey, among both boys and girls (p<<0.01). Accordingly, in each

5
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1
2
i survey, the prevalence of no-use among girls was higher than that among boys, and it significantly increased in
5 each survey for both boys and girls (p<0.01). In 2017, almost all participants recorded no-use (boys 93.3%, 95%
? CI: 93.5-93.0; girls 95.0%, 95% CI: 95.2-94.8). The prevalence of smoking only among boys was higher than -‘
8 that among girls, and it decreased in each survey for both boys and girls (p<0.01). Conversely, from 1996 to 2012,
? 0 the prevalence of alcohol use only among girls was higher than that among boys, and it among girls was lower :
11 than it among boys only in 2017. In the 2017 survey, where the analysis regarded a smoker as any tobacco product
g user (combustible cigarette, electronic cigarette, and heat-not-burn tobacco), the differences in the prevalence 1
14 were less than 0.5%. T ;
19 s
16 g |
17 Table 2. Prevalence of alcohol use and/or smoking * in 1996, 2000, 2004, 2008, 2012, and 2017 by sex 3
18 T .
19 1996 2000 2004 2008 2012 2017 8 :
20 © 1
21 Sex % 95% C1 % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI P- Valué |
Q
22 =
23 No use 50.3 (50.9,49.7) 54.7 (553,54.1) 664 (66.9,659) 804 (80.8,80.0) 869 (87.2,86.6) 93.3¢ (93.5,93.0) <0. 013
[¢]
;g Alcoholuse only 239 (24.2,23.6) 242 (24.6,239) 215 (21.8,21.3) 12.7 (12.8,12.5) 9.2 (9.3,9.0) S5.1¢ (5.3,5.0) <0.01 E. |
5 6Boys é |
57 Smoking only 69 (71,68 58 (60,57 32 (33,3.1) 23 (24,22) 13 (14,13) 05°  (0.5,0.5) <0013
c
;g Co-use 189 (19.5,183) 153 (157,148) 89  (9.1,86) 47 (49,45 26 (27,25  Llc (1.2, 10) <0. 01§ %1‘
2
2(1) No use 632 (63.6,62.8) 628 (63.3,62.4) 703 (70.7,69.8) 82.8 (83.1,82.4) 873 (87.5,87.0) 95.0¢ (95.2,94.8) <0. 01§§ |
(4]
a3
gg Alcohol use only 267 (25.2,25.3) 272 (27.5,26.8) 233 (23.7,23.0) 13.8 (14.1,13.6) 11.0 (11.2,10.8) 43¢  (4.4,4.1) <0.010 %
Girls 3 (é)
gg Smoking only 23 (23,22) 23 (24,22) 15 (1514 09 (09,08 04  (04,03) 02¢ (0.2,0.1) <0015
S5 = |
g? Co-use 78  (8.0,7.6) 77 (19,75 51  (5.1,48) 25 (2.6,24) 14 (14,13) 06¢  (0.6,0.5) <0.01%5
gg No use 56.8 (57.3,563) 58.6 (59.1,582) 68.1 (68.6,67.7) 81.6 (81.9,81.2) 87.1 (87.3,86.8) 94.1¢ (94.3,93.9) <0. 012 a
5
40 Alcoholuse only 253 (25.5,25.1) 25.6 (25.9,25.4) 224 (22.6,22.1) 132 (134,13.0) 10.1 (10.2,9.9) 4.7¢  (4.9,4.6) <002
A oth % .
42 Smoking only 46 (47,44) 41  (42,40) 24  (2523) 16 (16,15 09 (09,08 03c  (0.4,0.3) <0018 -
43 3
5
44 Co-use 133 (13.7,129) 116 (119,11.3) 7.1  (73,69) 3.6 (38,35 20 (21,19  09¢  (0.9,0.8) 0.0
45 [
g
46 CI, confidence interval % |
47 2 in the previous 30 days 3
48 2
49 b based on the Cochran—Armitage trend test =
o) {
?1) ¢ smokers regarded as users of any tobacco products (combustible cigarette, electronic cigarette, and heat-not-burn tobacco) g |
52 no use 92.8% (95% CI: 93.0, 92.5), smoking only 4.8% (95% CI: 4.9, 4.6), alcohol use only 1.0% (95% CI: 1.1, 1.0), co- g :
o) \
;31 use 1.4% (95% CI: 1.5, 1.3) 5
55 4 smokers regarded as users of any tobacco products (combustible cigarette, electronic cigarette, and heat-not-burn tobacco) ¢
g? no use 94.8% (95% CI: 95.0, 94.6), smoking only 4.1% (95% CI: 4.3, 4.0), alcohol use only 0.4% (95% CI: 0.5, 0.3), co-
58 use 0.7% (95% CI: 0.6, 0.8)
59 ;
60 6 ‘
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¢ smokers regarded as users of any tobacco products (combustible cigarette, electronic cigarette, and heat-not-burn tobacco)
no use 93.7% (95% CI: 93.9, 93.5), smoking only 4.5% (95% CI: 4.6, 4.3), alcohol use only 0.7% (95% CI: 0.8, 0.7), co-
use 1.1% (95% CI: 1.2, 1.1)
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Table 3 and Figure 1 show the prevalence of alcohol use in the non-smoking and smoking groups and the
prevalence of smoking in the non-drinking and drinking groups, adjusted for grade and sex. The prevalence of
alcohol use in the non-smoking group was lower than that in the smoking group in each survey. In the non-
smoking group, the prevalence rates did not change in 1996 and 2000. From 2004 to 2017, it decreased in each
survey among boys and girls. Conversely, it increased from 1996 to 2004 in the smoking group, and it
subsequently decreased from 2004 to 2008 among boys and girls. Among boys it decreased in 2017, whereas
among girls, it increased in 2012 and decreased in 2017. In the smoking group, it was higher among boys than
among girls in each survey. Furthermore, the reduction rates in the non-smoking group were lower than that in
the smoking group, and the reduction rate among girls in the smoking group was 0.19, which was the lowest.
Similarly, the prevalence of smoking was lower in the non-drinking group than that in the drinking group. In the
non-drinking group, the prevalence of smoking decreased from 1996 to 2000 among boys, whereas it increased
among girls. From 2000 to 2017, it halved in each survey among boys and girls. However, in the drinking group,
it decreased from 1996 to 2000 among boys, whereas it increased among girls. From 2000 to 2012 it decreased,
and it slightly increased from 2012 to 2017 among boys and girls. Moreover, the reduction rates in the non-

drinking group were lower than that in the drinking group.
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Table 3. Prevalence of alcohol use by smoking status and prevalence of smoking by alcohol use among students (aged gZ-% years) in 1996, 2000, 2004, 2008, 2012,
and 2017 by sex ? 3 S
o=
Year 1996 2000 2004 2008 ZOTCE g 2017
e giir=
Sex Group % 95% CI1 % 95% CI1 % 95% CI % 95% CI1 % 85??3 a % 95% CI1 Reduction rate ®
To TS
Non-smoking 304  (30.3,30.5) 30.1  (30.1,30.2) 23.0 (22.9,23.0) 127 (12.7,12.8) 9.0 BRI 43 (43,43) 0.86
Boys o3:
Aleohol use Smoking 720 (719,72.1) 720 (71.9,72.1) 725  (724,727) 663  (66.1,66.5) 648 (%§6§0) 553 (54.9,55.7) 0.23
[CR2=]
in the Non-smoking 27.8 (27.7,27.8) 29.1 (29.1,29.2) 23.7 (23.7,23.8) 13.8 (13.8,13.8) 10.7 (1§n%1§8) 3.7 (3.7,3.8) 0.87
. [
Girls S22
previous 30 Smoking 76.7  (76.5,769) 763 (762,765 710  (76.8,77.2) 737  (73.5,74.0) 795 (@@7&9) 620  (61.5,62.5) 0.19
=0
days Non-smoking 29.0 (29.0, 29.0) 29.6 (29.6, 29.6) 23.4 (23.3,23.4) 133 (13.2,13.3) 9.9 g%) 4.0 (4.0, 4.0) 0.86
Both = m=
Smoking 733 (732,734) 733 (732,734) 741 (740,742) 687 (686,689 692 (B34 574  (57.1,577) 0.22
U2
Non-drinking 106  (10.6,10.7) 9.2 (9.1,9.2) 4.0 (4.0,4.1) 2.5 (2.5,2.5) 1.4 B4, 15) 1.0 (1.0, 1.0) 0.91
Boys =+ o
Drinking 412 (41.1,413) 376 (375,377 270 (27.0,272) 258 (257,259) 213 (22, B®5) 221 (21.9,22.3) 0.46
=. ]
Smoking in S o
Non-drinking 3.1 (3.1,3.1) 34 (3.3,3.4) 1.9 (1.8, 1.9) 1.0 (1.0, 1.0) 0.4 B4, 0z) 0.4 (0.4,0.4) 0.87
the previous ~ Girls 2 P
Drinking 214 (21.3,21.5) 214 (21.3,21.5) 170 (169,17.1) 151  (15.0,152) 112 (IR, 1%.3) 148 (14.6,15.0) 0.31
30 days 2]
Non-drinking 6.7 (6.7,6.7) 6.2 (6.2,6.2) 3.0 (2.9,3.0) 1.8 (1.8,1.8) 0.9 @9,09) 0.7 0.7,0.7) 0.90
Both 2 <o
Drinking 325 (324,325) 302 (30.1,30.2) 222  (22.2,223) 206  (20.5,20.7) 162 (1§.1, 183) 189 (188,19.0) 0.42
. 3 B
CI, confidence interval o Pk
o N
2 adjusted for age and sex %. §
(%]
. . . . h Q
b reduction rate = (Prevalence in 1996 — Prevalence in 2017) / Prevalence in 1996 ;
«Q

years) in 1996, 2000, 2004, 2008, 2012,

gooUd

Figure 1. Prevalence of alcohol use by smoking status and prevalence of smoking by alcohol use among students (aged 121
and 2017 by sex
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Table 4 shows the prevalence of smoking and/or alcohol use among senior high school students (aged 1518
years) by sex and intention to further education, adjusted for grade and sex. The prevalence of smoking and/or
alcohol use increased from 1996 to 2000 in each group. Subsequently, the prevalence has decreased since 2000.
In 2012 and 2017, the prevalence was almost the same in the senior high school graduation group and junior
college degree group; however, in the college and higher education degree group, prevalence was the lowest and

reduction rate the highest among the three groups.

Table 4. Prevalence of smoking and/or alcohol use * among senior high school students (aged 15-18 years)

in 1996, 2000, 2004, 2008, 2012, and 2017 by sex and the intention to further education ?

Year 1996 2000 2004 2008 2012 2017

21

Intention for
% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI
further education

Reduction

rate ©

22
23
24
25
26
27
28
29
30

Senior high school
61.1 (61.0,61.2) 61.7 (61.5,61.8) 492 (49.1,49.4) 33.6 (33.5,33.8) 224 (22.3,22.5) 109 (10.8,10.9)
graduation

Junior college
52.0 (51.9,52.1) 52.1 (52.0,52.2) 46.0 (45.9,46.1) 31.6 (31.5,31.7) 22.6 (22.5,22.7) 10.7 (10.6,10.8)
degree

College or higher
433 (43.2,434) 450 (449,451) 31.0 (31.0,31.1) 178 (17.7,17.8) 11.1 (11.1,11.2) 55 (5.4,5.5)
educational degree

0.82

0.79

0.87

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

CI, confidence interval
2 in the previous 30 days
b adjusted for age and sex

¢ reduction rate = (Prevalence in 1996 — Prevalence in 2017) / Prevalence in 1996.
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DISCUSSION

In this study, we found a decrease in the prevalence of alcohol use and smoking among representative samples of
Japanese adolescents from 1996 to 2017. Moreover, the prevalence decreased to levels lower than those in the
European countries[21] and the United States.[22] We hypothesised that some people groups with certain
characteristics may exhibit a delay in reducing the prevalence of alcohol use and smoking. To examine this, we
compared the trend of alcohol use by dividing the students into two groups: smoking group/non-smoking group
and similarly, the trend of smoking by creating two groups: drinking group/non-drinking group. The prevalence
of alcohol use in the smoking group was consistently higher than that in the non-smoking group from 1996 to
2017, and the reduction rate in the smoking group was lower than that in the non-smoking group. In other words,
the prevalence of alcohol use in the smoking group decreased at a rate slower than that in the non-smoking group.
Moreover, we compared the trend of smoking between the non-drinking and drinking groups and examined the
overall trend in the prevalence of smoking. The prevalence of smoking in the drinking group was consistently
higher than that in the non-drinking group from 1996 to 2017, and the reduction rate in the drinking group was
lower than that in the non-drinking group. In other words, the prevalence of smoking in the drinking group
decreased at a rate slower than that in the non-drinking group. These findings suggest that HRB disparity among

Japanese adolescents does exist and may be widening.

The trends in alcohol and tobacco use among adults may explain our results. Adolescents’ smoking behaviour is
related to their parents, older brothers, older sisters, and friends.[23] In particular, boys are influenced by their
fathers, and girls by their mothers.[12] In Japan, the prevalence of smoking among adults is decreasing annually
for both men and women.[24] A decrease in smoking among adults may be attributed to smoking behaviour among
adolescents. Adolescents’ drinking behaviours are also related to their family and friends. In particular, an
adolescent’s drinking behaviour is more influenced by their mother’s drinking behaviour than those of other
family members.[13] In Japan, the prevalence of alcohol use among men is not increasing significantly, whereas
it is among women.[24] This drinking behaviour among women may affect adolescents’ drinking behaviour. The
prevalence of alcohol use among girls in the smoking group was consistently higher than that among boys in the
same group, and the reduction rate was the lowest. A probable reason for these trends is that the prevalence of
alcohol use in the parents’ generation, especially in women, did not decrease, unlike that of smoking. Further,

girls have received considerable influence from their mothers.

Furthermore, the reduction rate in the prevalence of smoking by the drinking and non-drinking groups was higher
than that in the prevalence of alcohol use by the smoking and non-smoking groups. This might have resulted from
the different political measures instituted against tobacco and alcohol in Japan. Since the tobacco tax was
implemented in Japan, the tobacco and consumer taxes have increased several times. Therefore, the price of a
pack of 20 of the most popular brands of cigarettes in Japan increased each time. The price of a pack of 20
cigarettes in 1996 was 240 yen (equivalent to 2 USD). It increased to 250 yen (4% increase), 270 yen (8% increase),
300 yen (11% increase), 410 yen (37% increase), and 420 yen (2% increase) in 1998, 2003, 2006, 2010, and 2014,

respectively. Moreover, tobacco commercials have been regulated by the self-regulation of the tobacco industry
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since 1998. An increase in the price and regulation of tobacco commercials might have contributed to the decrease
in smoking rate among adolescents; however, the prevalence of smoking among the drinking group increased
from 2012 to 2017. However, alcohol tax varies according to the type of alcohol, and the tax for beer was almost
stable since 1996 to 2017. Thus, the price of alcohol increased by only 2-3% because of the consumer tax; the
cheapest beer or alcopop was sold for less than 1 USD. Before 2000, students could buy alcohol from supermarkets,
convenience stores, and vending machines. Japan enacted a revision of the Act to Prohibit Minors from Alcohol
Use in 2000; the penalty for selling alcoholic beverages to minors was reinforced. Furthermore, the law was
revised again in 2001 to reinforce age confirmation by liquor distributors. After 2000, the number of alcohol
vending machines has decreased due to the self-regulation of the alcohol industry.[25] Therefore, the decrease in
the prevalence of alcohol use among adolescents since 2000 may be attributable to the aforementioned policy.
However, the prevalence of alcohol use among girls in the smoking group did not change from 1996 to 2004 and
increased in both sexes from 2008 to 2012. Moreover, alcohol commercials remain unbanned. These policies have
different effects on each subgroup. Rising tobacco prices and deferring alcohol prices may contribute to the

differences in reduction rates of the prevalence of alcohol use and smoking, respectively.

Our findings revealed that the trends in alcohol and tobacco use differ between the non-smoking and smoking
groups and between the non-drinking and drinking groups. These results may be partly explained by the social
context of those substance users. Some Japanese researchers have reported an association between social context
and HRBs. For example, the prevalence of lifetime alcohol use and smoking in adolescent youth detention centres
in Japan is much higher than that outside such centres[19]; schools and neighbourhood contexts are associated
with adolescent drinking,[26] and childhood poverty has a negative effect on adult HRBs.[27] This study showed
different trends in the prevalence of alcohol use and smoking in each subgroup, i.e., the lifestyle of non-drinkers
and non-smokers has becoming healthier, whereas that of drinkers and smokers has not changed despite the
decrease in the number of adolescent drinkers and smokers. Additionally, we observed that there were differences
in the trend of prevalence of alcohol use and/or smoking with the intention of further education; the group that
had the highest academic intention had the highest reduction rate, i.e., students who had higher academic
intentions reduced more than those who had lower academic intentions. Students’ choices after graduating from
senior high school influence their future socioeconomic status and lifestyle. Some researchers have reported that
HRBs, such as alcohol use and smoking, are associated with lower academic performance.[28, 29] This
observation is consistent with our findings, in which there were differences in the trend of prevalence of alcohol
use and/or smoking and reduction rate with intention of further education. This implies that adolescents’ HRBs
could be a driving factor later in their life. In order not to widen the inequality gap, the results highlight that it is
important to focus on the high-risk group that delays reduction in the prevalence and find an appropriate way to

approach or intervene in the group, for example, school-based interventions.

The data were collected from periodical, nationwide large-sample surveys, which is the strength of our study. This
methodology enabled us to minimize sampling bias.[16] Hence, the results of this study can potentially be

generalised nationwide for Japanese adolescents. However, our study has several limitations. First, the sample of
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the subjects was possibly biased, as 30—50% of the sampled schools did not respond to these surveys. Despite the
effort made by the research team, ethical concerns and inconvenience due to the need for elaborate explanations
may have caused the lower rate of cooperation among schools. Concerning this, the greatest ethical issue was the
requirement to meet the criteria for ethical approval. However, the characteristics of the schools that responded
did not significantly differ from those of the non-responding schools. Since this tendency was consistent over the
surveys, a major problem did not occur in interpreting trends in this study. Second, the fact that class teachers
distributed the forms may have influenced the results. As stated above, to address the students’ concerns about
privacy, student questionnaires were anonymous, and the students put them into private envelopes themselves.
Moreover, the explanatory document given to the class teachers explained that they must ensure the students’
privacy. Notwithstanding, it is important and significant to continue conducting periodic nationwide surveys, even

if they have some methodological problems.

CONCLUSION

Since 1996, the prevalence rates of drinking and smoking among Japanese adolescents have decreased. However,
the trend was different between the non-drinking group/drinking group and the non-smoking group/smoking
group. In other words, HRB disparity among Japanese adolescents exists and has been widening. From a sub-
analysis, students who had higher academic intentions presented the greater reduction in the prevalence of alcohol
use and smoking, a trend associated with their future socioeconomic status. To further improve the status of
alcohol use and smoking among adolescents, it is imperative to comprehensively adapt interventions, enlighten
adults and parents, raise the prices of tobacco and alcohol, and regulate sale promotions. Furthermore, in order to
not widen the inequality gap, the results highlight that it is important to focus on the high-risk group that delays

improvement, considers social contexts, and finds a good way to approach or intervene in the group.
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Supplementary Table 1. Sampling of the study-participating schools in 1996, 2000, 2004, 2008,

2012, and 2017

Year 1996 2000 2004 2008 2012 2017
n (%) n (%) n (%) n (%) n (%) n (%)
Junior high school
(A) Number of schools in Japan 11194 11153 11060 10882 10018 10325
(B) Number of schools sampled (%) 122 (1.1) 132 (1.2) 131 (1.2) 130 1.2) 140 (1.4) 98 (0.9)
(C) Number of schools which took part 80 99 92 92 94 48
Response rate 65.6 75.0 70.2 70.8 67.1 49.0
Senior high school
(D) Number of schools in Japan 5330 5315 5193 5115 4603 4907
(E) Number of schools sampled (%) 109 (200 102 (199 109 (2.1) 110 (2.2 124 (2.7) 86 (1.8)
(F) Number of schools which took part 73 77 87 80 85 55
Response rate 67.0 75.5 79.8 72.7 68.5 64.0

Supplementary Figure 1. Flowchart of data collection

(A) Junior high schools (Grade 7 to 9)
(D) Senior high schools (Grade 10 to 12)
across Japan

ﬂ Randomly selected
e A
(B) Junior high schools
(E) Senior high schools

were selected
N J

ﬂ The research office posted the questionnaires

~
Students answered questionnaires
administered at their schools and put them
into private envelopes themselves
J

The questionnaire envelopes were collected by class
teachers and returned to the research office

(C) Junior high school
(F) Senior high school
responded

(A) — (F) in Supplementary Figure 1 correspond to (A) — (F) in Supplementary Table 1
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite

them as:

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

reporting observational studies.

Page

Reporting Item Number

Title and abstract

Title #1a Indicate the study’s design with a commonly used term in the 2

title or the abstract
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Abstract

Introduction

Background /

rationale

Objectives

Methods

Study design

Setting

Eligibility criteria

Data sources /

measurement
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Provide in the abstract an informative and balanced summary

of what was done and what was found

Explain the scientific background and rationale for the

investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the paper

Describe the setting, locations, and relevant dates, including
periods of recruitment, exposure, follow-up, and data

collection

Give the eligibility criteria, and the sources and methods of

selection of participants.

Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if

applicable

For each variable of interest give sources of data and details
of methods of assessment (measurement). Describe
comparability of assessment methods if there is more than
one group. Give information separately for for exposed and

unexposed groups if applicable.
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Describe any efforts to address potential sources of bias

Explain how the study size was arrived at

Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were

chosen, and why

Describe all statistical methods, including those used to

control for confounding

Describe any methods used to examine subgroups and

interactions

Explain how missing data were addressed

If applicable, describe analytical methods taking account of

sampling strategy

Describe any sensitivity analyses

Report numbers of individuals at each stage of study—eg
numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing follow-
up, and analysed. Give information separately for for

exposed and unexposed groups if applicable.

13b Give reasons for non-participation at each stage
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Main results

Main results
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Indicate number of participants with missing data for each
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If relevant, consider translating estimates of relative risk into

absolute risk for a meaningful time period
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and interactions, and sensitivity analyses
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ABSTRACT

Objectives: This study aimed to assess the trend in the prevalence of alcohol use in non-smokers’ and smokers’
groups and that of smoking in non-drinkers’ and drinkers’ groups using Japanese school-based nationwide surveys.
Design: Nationwide cross-sectional surveys were conducted between 1996 and 2017.

Setting: Surveyed schools, both junior and senior high schools, considered representative of the entire Japanese
nation, were sampled randomly.

Participants: Enrolled students completed a self-reported and anonymous questionnaire on smoking and drinking
behaviour.

Results: Since 1996, the prevalence of alcohol use and smoking among adolescents decreased in each survey.
The prevalence of alcohol use in the non-smokers’ group was 29.0% in 1996 and 4.0% in 2017, and in the smokers’
group, was 73.3% in 1996 and 57.4% in 2017. The reduction rate (the difference in prevalence between 1996 and
2017 divided by the prevalence in 1996) was 0.86 in the non-smokers’ group and 0.22 in the smokers’ group. The
prevalence of smoking in the non-drinkers’ group was 6.7% in 1996 and 0.7% in 2017, while that in the drinkers’
group was 32.5% in 1996 and 18.9% in 2017. The reduction rate was 0.90 in the non-drinkers’ group and 0.42 in
the drinkers’ group. Therefore, downward trends differed among the groups. In a sub-analysis limited to senior
high school students, we divided students into three groups according to the intention to pursue further education.
Between 1996 and 2017, there was a consistent difference in the prevalence of alcohol use and smoking among
these groups.

Conclusions: The situation of alcohol use and smoking among Japanese adolescents seems to have improved.
However, specific groups showed poor improvements and health risk behaviour disparity among Japanese
adolescents exist and may be widening. We need to focus on high-risk groups and appropriate approaches or

interventions for such groups.

STRENGTHS AND LIMITATIONS OF THIS STUDY

*  The data were collected from periodical, nationwide large-sample surveys on Japanese adolescents
between 1996 and 2017, and the study contained a large sample size (n=11,584-64,152 per year).

e This study focused on the co-use of alcohol and tobacco and analysed its trends in the sub-groups.

¢ Due to ethical concerns and inconvenience, school response rates were not as high as expected; however,
the student-response rate was consistent.

*  Due to the ethical concerns, we did not ask students their social and economic status and instead analysed
the trends by the students’ intention to pursue further education.

*  The study used a self-reporting questionnaire; hence further studies to examine the accuracy of its findings

are required.

Keywords: alcohol use, smoking, adolescents, prevalence, Japan
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INTRODUCTION

Smoking causes approximately eight million deaths worldwide annually, and the harmful use of alcohol results
in approximately three million deaths.[1, 2] Smoking and alcohol consumption usually start during adolescence,
leading to the detrimental consequences of an epidemic of non-communicable diseases in adulthood. Health risk
behaviours (HRBs) are shaped by social, economic, and cultural forces and are major determinants of ill health
and health-related inequalities across the course of life.[3—5] Therefore, adolescence is a key period for controlling
HRBs. Some studies have identified alcohol use, smoking, drug use, and risky sexual behaviours as risk behaviour
clusters[6-9] and socioeconomic status as a strong predictor of engaging in multiple-risk behaviours.[10] Since
1996, our research group has been monitoring alcohol use and smoking among adolescents in Japan. According
to reports, the prevalence of alcohol use and smoking among adolescents in Japan has continued to decline and is
reported to be lower than that in the European countries and the United States.[11, 12] Researchers from other
countries have reported a different trend in the prevalence of smoking and alcohol use in some adolescents over
time. For instance, socioeconomic backgrounds had the shortest transition period to daily smokers in France,[13]
higher educational aspiration was negatively associated with alcohol use behaviour in Finland,[14] and
adolescents who were not in school were inclined to smoke in China.[15] Moreover, some studies have reported
on alcohol consumption and health inequality, and higher rates of morbidity and mortality in adults with a lower
socioeconomic status.[16—19] In Japan, despite the improvement in the situation on alcohol use and smoking
among Japanese adolescents, the prevalence of alcohol use and smoking have not reached the goal of 0% that
Japanese government had established. Furthermore, because health inequalities and social disparities are current
public health issues in Japan,[20] there may be groups that have not improved. Therefore, it is important to
examine whether an HRB disparity exists among Japanese adolescents. Few studies have focused on the co-use
of alcohol and tobacco and the analysis of trends in subgroups. Hence, we focused on the co-use of alcohol and
tobacco and hypothesised that some groups may have certain characteristics that can reduce the prevalence of
alcohol use and smoking. To further improve the status of alcohol use and smoking among adolescents, it is
essential to evaluate these groups and implement interventions. Incidentally, drug use among adolescents in Japan
is not a major problem; the prevalence rate of drug use among teenagers was 0% in 2015.[21] Therefore, the
present study aimed to evaluate the nationwide prevalence of smoking and alcohol use, as they were main

substance-use problems and have been investigated as HRBs among Japanese adolescents.

METHODS

Study population

This was a cross-sectional random sampling survey that used single-stage cluster sampling.[22] Sampling was
performed by dividing Japan into regional blocks and randomly selecting schools from each block. Using the
national school directory, junior high schools and senior high schools throughout Japan were randomly extracted,
and all students enrolled in the sampled schools were participants of the study. The number, selection rate, and
response rate of the schools for each survey are shown in Supplementary Table 1. The response rates of schools
ranged between 49.0% and 79.8%.

To verify our hypothesis, the research population was divided into the following subgroups: smokers’ group/non-
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smokers’ group, drinkers’ group/non-drinkers’ group, and the intention to pursue further education. Next, the

trend in prevalence of alcohol use and smoking in each group was examined

Data collection

The study was approved by the Ethics Review Committee of Tottori University School of Medicine.
Supplementary Figure 1 shows the flowchart of data collection of the study. We obtained the cooperation of the
principals of all the schools and sent the survey forms to all the students. The teachers encouraged the students
to respond voluntarily and honestly. The students were given anonymised questionnaires and envelopes. The
completed questionnaires were placed in envelopes by the students themselves, and the envelopes were

collected by the teachers in a sealed state and returned to our institute.

Patient and Public Involvement

No patients were involved in this study.

Measures

Alcohol use and smoking

Alcohol users and smokers were defined as those who had consumed alcohol or smoked at least once during the
previous 30 days. The questionnaire focused on the students’ experiences, frequency of alcohol use (‘How many
days have you drunk alcohol in the previous 30 days?’) and smoking (‘How many days have you smoked
cigarettes in the previous 30 days?'), amount of alcohol use (‘How much have you drunk alcohol on the drinking
day?’) and smoking (‘How many cigarettes have you smoked cigarettes on average per day in the previous 30
days?").

To assess the frequency of alcohol use, seven options were provided: ‘0 days’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’,
’10-19 days’, 20-29 days’, or ‘every day’. To assess the amount of alcohol use, seven options were provided:
‘No glass’, ‘Less than 1 glass (a little bit)’, ‘1 glass’, ‘2 glasses’, ‘3-5 glasses’, ‘More than 6 glasses’, or ‘Until
get drunk’.

In the 1996 and 2000 surveys, to assess smoking, seven options were provided: ‘Have not smoked in previous 30
days’, ‘Less than 1 cigarette per day’, ‘1-4 cigarettes’, ‘5-9 cigarettes’, ‘10—14 cigarettes’, ‘1519 cigarettes’, or
‘More than 20 cigarettes’; while in the 2004 to 2017 surveys eight options were provided: ‘Have not smoked in
previous 30 days’, ‘Less than 1 cigarette per day’, ‘1 cigarette’, ‘25 cigarettes’, ‘6—10 cigarettes’, ‘11-15
cigarettes’, ‘1620 cigarettes’ or ‘more than 21 cigarettes’. In only the 2017 survey, the questions about cigarettes
were divided into three categories: combustible cigarette, heat-not-burn tobacco, and electronic cigarettes. Thus,

in the 2017 survey, this analysis regarded combustible cigarette users as smokers. (Supplementary Filel.)

Intention to pursue further education after graduating from senior high school
We assessed the intention to pursue further education after graduating from school (‘What is your intention after
graduating from school? Choose the option closest to your current feelings’). Seven options were provided: ‘senior

high school’, ‘vocational school’, ‘2-year-college’, ‘college’, ‘graduate school’, ‘start working’, and ‘unknown’.
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The intention to further education after graduating from school was categorised into four groups: (1) senior high
school graduation, (2) junior college (2-year college/vocational school), (3) college or higher educational degree

(4- or 6-year college/graduate school), and (4) unknown.

Data analysis

The proportions and 95% confidence intervals (CI) presented in the Tables were calculated using a weighting
method and based on one-stage stratified cluster sampling.[22] The proportions were adjusted for grade and sex
using the number of junior high and senior high school students nationwide as a standard population, from the
School Basic Survey conducted by the Ministry of Education, Science and Technology (2017). A Cochran-
Armitage trend test was performed to clarify the linear trend in prevalence by year. A p-value < 0.05 was
considered statistically significant. All statistical analyses were performed using JMP Pro version 13 for Windows
(SAS Institute Inc., Cary, NC, USA). The participants did not include answers on their sex, grade, or age; therefore,
the data were excluded from the analysis. Hence, there were no missing data in our analysis. To measure the rate
of change in the prevalence, we calculated the reduction rate using the following formula: reduction rate =

(Prevalence in 1996 - Prevalence in 2017) / Prevalence in 1996.

RESULTS
The differences in the baseline characteristics of participating schools, students (sex and grade), alcohol use in the
previous 30 days, and smoking in the previous 30 days are presented in Table 1. Between 1996 and 2017 the

prevalence of alcohol use and smoking decreased steadily.
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166  Table 1. Characteristics of the study participants in 1996, 2000, 2004, 2008, 2012, and 2017
Year 1996 2000 2004 2008 2012 2017
(n=115814) (n=106297) (n=102451) (n=95680) (n=100050) (n=64152)
n (%) n (%) n (%) n (%) n (%) n (%)
Sex
Boys 57116 (49.3) 54576 (51.3) 55998 (54.7) 48525 (50.7) 51587 (51.6) 34582 (53.9)
Girls 58698 (50.7) 51721 (48.7) 46453 (453) 47155 (49.3) 48463 (48.4) 29570 (46.1)
School grade
Junior high school (12-15 y/o)
Grade 7 14369 (12.4) 15372 (14.5) 13146 (12.8) 13302 (13.9) 13405 (13.4) 7384 (11.5)
Grade 8 14118 (12.2) 15916 (15.0) 13079 (12.8) 13649 (143) 12884 (12.9) 7329 (11.4)
Grade 9 14311 (124) 15958 (15.0) 13160 (12.8) 12925 (13.5) 12205 (12.2) 7415 (11.6)
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 275  (0.3) 0 0.0) 87 (0.1
Senior high school (15-18 y/o)
Grade 10 24696 (21.3) 21142 (19.9) 21815 (21.3) 20157 (21.1) 21480 (21.5) 14201 (22.1)
Grade 11 25416 (21.9) 19600 (18.4) 21530 (21.0) 18328 (19.2) 20026 (20.0) 14212 (22.2)
Grade 12 22904 (19.8) 18309 (17.2) 19721 (19.2) 16785 (17.5) 20050 (20.0) 13404 (20.9)
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 259  (0.3) 0 0.0) 120  (0.2)
Alcohol use/smoking
Alcohol use in the previous 30 days 44545 (38.7) 39497 (37.4) 30233 (29.7) 16110 (16.9) 12034 (12.1) 3584 (5.6)
Smoking in the previous 30 days 20070 (17.9) 16237 (157) 9614  (9.5) 4966  (52) 2851 (2.9) 1183  (1.8)
167  y/o: years old
168
169 Supplementary Figure 2 shows the change in the prevalence of alcohol use from 1996 to 2012 between the 7th
170 grade and 11th grade and between the 8th grade and 12th grade in every four-year survey; and between the 7th
171 grade in 2012 and the 12th grade in 2017. Supplementary Figure 3 shows the change in the prevalence of smoking
172 in the same groups described in Supplementary Figure 2. Both the prevalence of alcohol use and that of smoking
173  among the same grade showed a reduction over time.
174
175 Table 2 shows the prevalence rates for alcohol use only, smoking only, no-use, and co-use in the previous 30 days
176 between 1996 and 2017. In each survey, the prevalence of co-use among boys was higher than that among girls,
177 while a significant decrease was observed in each survey, for both boys and girls (p <0.01). Accordingly, in each
178 survey, the prevalence of no-use among girls was higher than that among boys and was significantly increased in
179 each survey for both boys and girls (p <0.01). In 2017, almost all of the participants recorded no-use (boys 93.3%,
180 95% CI: 93.5-93.0; girls 95.0%, 95% CI: 95.2-94.8). The prevalence of smoking only among boys was higher
181 than that among girls, and it decreased in each survey for both boys and girls (p < 0.01). Conversely, between
182 1996 and 2012, the prevalence of alcohol use only among girls was higher than that among boys, while in 2017,
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1

2

2 183 it was lower than among boys.

5 184

? 185 Table 2. Prevalence of alcohol use and/or smoking in 1996, 2000, 2004, 2008, 2012, and 2017 by sex

8 1996 2000 2004 2008 2012 2017

(o]

10 P-value

1 % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

12

13 No use® 503 (50.9,49.7) 547 (553,54.1) 664 (66.9,659) 804 (80.8,80.0) 869 (87.2,86.6) 93.3 (93.5,93.0) <0.01

14 -

15 Alcoholuse only®  23.9 (242,23.6) 242 (24.6,239) 215 (21.8,21.3) 127 (12.8,12.5) 92 (93,900 51  (53,5.0) <0.08

1 6Boys 8

17 Smoking only® 69 (71,68 58  (60,57) 32  (33,3.1) 23 (24,22 13 (14,13 05  (0.5,0.5) <0.08

18 g

19 Co-use® 189 (19.5,183) 153 (15.7,148) 89  (9.1,8.6) 47 (49,45 26 (27,25 L1  (12,1.0) <0.08

20 2

21 No use® 632 (63.6,62.8) 628 (633,62.4) 703 (70.7,69.8) 82.8 (83.1,824) 873 (87.5,87.0) 950 (952,94.8) <0.0F"

22 =

23 Alcoholuse only® 267 (25.2,253) 272 (27.5,268) 233 (23.7,23.0) 138 (14.1,13.6) 11.0 (11.2,10.8) 43  (44,4.1) <008

24Girls g

25 Smoking only® 23 (23,22) 23 (24,22 15 (1514 09 (09,08 04  (04,03) 02  (0.2,0.1) <0.0E’

26 <

27 Co-use 78  (8.0,7.6) 77 (79,75 51  (5.1,48) 25 (26,24) 14 (14,13) 06  (0.6,0.5) <0.08
c

£O w

29 No use® 568 (57.3,563) 58.6 (59.1,582) 68.1 (68.6,67.7) 81.6 (81.9,81.2) 87.1 (87.3,86.8) 94.1 (94.3,93.9) <0.09

30 o

31 Alcohol use only® 253 (25.5,25.1) 25.6 (259,254) 224 (22.6,22.1) 132 (134,13.00 10.1 (10.2,9.9) 4.7 (4.9, 4.6) <0.0%;’

32Both g

33 Smoking only® 46  (4.7,44) 41 (42,400 24 (2523) 16 (1615 09 (09,08 03  (0.4,03) <0.0%

34 x

35 Co-use® 133 (13.7,129) 116 (11.9,113) 7.1 (73,69 3.6 (3835 20 (21,19 09  (0.9,0.8) <0.08
o

36 .

37 186 (I, confidence interval Y
QD

38 187  =based on the Cochran-Armitage trend test 3

39 . . =

40 188  ‘in the previous 30days a

41 189 >

42 - s

43 190 Supplementary Table 2 and Table 3 shows the amount of alcohol use among alcohol users on drinking day for %-

44 191 three groups; ‘less than 2 glasses’, ‘more than 3 glasses’ and ‘until get drunk’, and number of cigarettes smoked é’

45 . . S

46 192 among smokers on average per day for two groups; ‘less than 9(10) cigarettes’ and ‘more than 10(11) cigarettes’. 2
(%]

47 193 Between 1996 and 2017 the prevalence of ‘less than 2 glasses’ alcohol users tended to increase in every survey. 3

48 . . . L )

49 194 Between 2004 and 2017 the prevalence of ‘more than 11 cigarettes’ smokers did not increase distinctly. g‘:
@

50 195 Supplementary Table 4 and 5 shows the days of alcohol drunk among alcohol users for three groups; ‘1-9 days’, %

51 .

57 196 ‘10-29 days’, and ‘every day’, and days of cigarette smoked among smokers for three groups; ‘1-9 days’, ‘10— §

53 197 29 days’, and ‘every day’. For alcohol users, it did not change distinctly, while in smokers, every day smokers _‘E'

54

55 198  tended to decrease.

56 199

57 . .

58 200 Table 3 and Figure 1 show the prevalence of alcohol use in the non-smokers’ and smokers’ groups and the

59 201 prevalence of smoking in the non-drinkers’ and drinkers’ groups, adjusted for grade and sex. The prevalence of

60
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alcohol use in the non-smokers’ group was lower than that in the smokers’ group in each survey. In the non-
smokers’ group, the prevalence rates did not change in the surveys of 1996 and 2000. However, in the 2004 to
2017 surveys, it decreased in each survey among both boys and girls. Conversely, it increased between 1996 and
2004 in the smokers’ group, and subsequently decreased between 2004 and 2008 among both boys and girls.
Among boys it decreased in 2017, whereas among girls, it increased in 2012 and decreased in 2017. In the smokers’
group, it was higher among boys than among girls in each survey. Furthermore, the reduction rates in the non-
smokers’ group were lower than that in the smokers’ group; the reduction rate among girls in the smokers’ group
was 0.19, which was the lowest. Similarly, the prevalence of smoking was lower in the non-drinkers’ group than
that in the drinkers’ group. In the non-drinkers’ group, the prevalence of smoking decreased between 1996 and
2000 among boys, whereas it increased among girls. Between 2000 and 2017, it halved in each survey among
both boys and girls. However, in the drinkers’ group, it decreased between 1996 and 2000 among boys, whereas
it did not change among girls. Between 2000 and 2012 it decreased, and between 2012 and 2017, it increased
slightly among boys and girls. Moreover, the reduction rates in the non-drinkers’ group were lower than that in

the drinkers’ group.

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

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

r—


http://bmjopen.bmj.com/

oNOYTULT D WN =

217
218

219
220
221
222

Table 3. Prevalence of alcohol use by smoking status and prevalence of smoking by alcohol use among students (aged

BMJ Open

6u!pﬁou! “ybliAdoo Aq |

years) in 1996, 2000, 2004, 2008, 2012,

sminy t uo gHS0-0202-uadolw

and 2017 by sex
o
1996 2000 2004 2008 2012 2017
Numerator Denominator & TTT Reduction rate ©
%2 95% CI %2 95% CI %2 95% CI %? 95% CI %2 B5% % ? 95% CI
Do N
Non-smokers 304 (303,30.5) 30.1  (30.1,30.2) 23.0 (229,23.0) 12.7  (12.7,12.8) 9.0 @'@93) 43 (4.3,43) 0.86
Boys g CBD [
Alcohol use Smokers 720  (71.9,72.1) 72,0 (71.9,72.1) 725 (72.4,72.7) 663  (66.1,66.5)  64.8 (6&%@0) 553 (54.9,55.7) 0.23
in the Non-smokers 278  (27.7,27.8)  29.1  (29.1,29.2) 237 (23.7,23.8) 138 (13.8,13.8) 10.7 (1%‘&’1%8) 37 (3.7,3.8) 0.87
Girls N 8
previous 30 Smoker 76.7  (76.5,76.9) 763  (76.2,76.5) 770  (76.8,77.2) 73.7  (73.5,74.0) 795 (75_%72;9) 62.0  (61.5,62.5) 0.19
o C
==
days Non-smokers 29.0  (29.0,29.0) 29.6  (29.6,29.6) 234  (233,234) 133  (13.2,13.3) 9.9 @@%) 4.0 (4.0,4.0) 0.86
Both 3 % =
Smokers 733 (73.2,73.4) 733 (732,734) 741 (74.0,742) 687  (68.6,68.9) 692 (62.,\/_0.4) 574 (57.1,57.7) 0.22
>
Q=
Non-drinkers 10.6  (10.6,10.7) 9.2 (9.1,9.2) 4.0 (4.0,4.1) 2.5 (2.5,2.5) 1.4 (:],4, lg) 1.0 (1.0, 1.0) 0.91
Boys =
Drinkers 412  (41.1,413) 376 (375,37.7) 271 (27.0,27.2) 258 (25.7,25.9) 213  (282,285) 221  (21.9,22.3) 0.46
Smoking in =
Non-drinkers 3.1 (3.1,3.1) 34 (3.3,3.4) 1.9 (1.8,1.9) 1.0 (1.0, 1.0) 0.4 @4, i) 0.4 (0.4,0.4) 0.87
the previous  Girls »
Drinkers 214 (21.3,21.5) 214 (21.3,21.5) 170 (16.9,17.1) 151 (15.0,152) 112  (121,183) 148  (14.6,15.0) 0.31
30 days o
Non-drinkers 6.7 (6.7,6.7) 6.2 (6.2,6.2) 3.0 (2.9, 3.0) 1.8 (1.8, 1.8) 0.9 B9, 09) 0.7 (0.7,0.7) 0.90
Both &T
Drinkers 325 (324,325) 302  (30.1,302) 222 (22.2,223) 206 (20.5,20.7) 162 (1%1, 3) 189  (18.8,19.0) 0.42
CI, confidence interval g
2 adjusted for age and sex @l
®
n

b reduction rate = (Prevalence in 1996 - Prevalence in 2017) / Prevalence in 1996
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Table 4 shows the prevalence of alcohol use and smoking among senior high school students (aged 15-18 years)
by the intention to pursue further education, adjusted for grade and sex. The prevalence of alcohol use decreased
in each survey among the three groups, except for the junior college degree group between 1996 and 2000. The
prevalence of smoking decreased in each survey among the three groups, except for the high school graduation
group and college or the higher educational degree group between 1996 and 2000. Both the prevalence of
alcohol use and smoking in the college or higher educational degree groups were the lowest in each survey, with

the reduction rate being the highest among the three groups.
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231 Table 4. Prevalence of alcohol use and the prevalence of smoking among senior high school students (aged 15-18 yearsEin 96, 2000, 2004, 2008, 2012, and 2017 by
232  the intention to pursue further education a
o
1996 2000 2004 2008 2012 2017
o T Reduction rate ®
% 95%ClI %? 95%CI %@ 95%CI % 95%CI %? ] % CI % 95%CI
m —+
. . 2a'N
Alcohol use in the previous 30 days =] 8
TP
High school graduation 527 (52.6,52.9) 531 (52.9,532) 437  (43.6,43.9) 292  (29.0,29.3) 19.9 ﬁls?,sdo.O) 94 (9.4,9.5) 0.82
[e=Ne]
Junior college degree 46.7  (46.6,46.8) 47.1 (47.0,472) 428 (42.6,429) 288  (28.7,29.0) 21.6 @gﬁ§1.7) 9.8  (9.7,9.8) 0.79
n—n-.c o
College or higher educational degree ~ 18.0  (17.9,18.1) 16,6  (165,16.6) 10.1  (10.1,102) 5.7 (5.7,5.8) 32 @12 18 (1.8,1.8) 0.90
aed
Smoking in the previous 30 days © = =
8>S
High school graduation 368 (36.7,36.9) 377  (37.5,378) 237 (23.6,23.8) 155 (154,157) 7.6 3(}51'_'9537.6) 40  (3.9,4.0) 0.89
Sn=
Junior college degree 23.4 (23.3,23.5) 22.6 (22.5,22.7) 15.3 (15.2,15.4) 10.2 (10.1, 10.3) 5.0 8(2_179',55.0) 3.0 (3.0,3.1) 0.87
College or higher educational degree 13.1 (13.0, 13.2) 14.6 (14.6, 14.7) 6.7 (6.6, 6.7) 3.1 (3.1,3.1) 1.4 1.331.4) 1.0 (1.0, 1.0) 0.92

233 (I, confidence interval
234  =adjusted for grade and sex

235  Yreduction rate = (Prevalence in 1996 - Prevalence in 2017) / Prevalence in 1996.

236
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DISCUSSION

In this study, we found a decrease in the prevalence of alcohol use and smoking among the representative samples
of Japanese adolescents between 1996 and 2017. Moreover, the prevalence decreased to levels lower than those
in the European countries[23] and the United States.[24] Japan and other countries have shown a declining trend
in alcohol and tobacco,[23-26] which may have been due to the influence of the devaluation of alcohol and
tobacco, as well as socio- economic changes. In terms of alcohol, reports have indicated that the global decline in
youth drinking behaviour may have been due to a change in the societal and economic devaluation of alcohol.[27—
29] Regarding the frequencies of alcohol use and smoking, the results of this study have indicated that among
alcohol users and smokers the prevalence of frequent users and greater users did not show an increase. Tobacco
control activity may have influenced those smokers who found it easier to quit while the remaining smokers were
those who were less likely to stop smoking.[30,31] In moving towards the goal of the prevalence of smoking
being zero among adolescents, the numbers are reducing; however, close attention needs to be paid to existing
smokers who cannot quit smoking. We hypothesised that some groups with certain characteristics may exhibit a
delay in reducing the prevalence of alcohol use and smoking. To examine this, we compared the trend of alcohol
use by dividing the students into two groups: the smokers’ and non-smokers’ groups and similarly, the trend of
smoking by creating two groups: the drinkers’ group and non-drinkers’ groups. Between 1996 and 2017, the
prevalence of alcohol use in the smokers’ group was consistently higher than that in the non-smokers’ group, and
the reduction rate in the smokers’ group was lower than that in the non-smokers’ group. In other words, the
prevalence of alcohol use in the smokers’ group decreased at a rate slower than that in the non-smokers’ group.
Moreover, we compared the trend of smoking between the non-drinkers’ and drinkers’ groups and examined the
overall trend in the prevalence of smoking. Between 1996 and 2017, the prevalence of smoking in the drinkers’
group was consistently higher than that in the non-drinkers’ group, and the reduction rate in the drinkers’ group
was lower than that in the non-drinkers’ group. In other words, the prevalence of smoking in the drinkers’ group
decreased at a rate slower than that in the non-drinkers’ group. These findings suggest that not only does an HRB
disparity exist among Japanese adolescents but that it may be widening.

The trends in alcohol and tobacco use among the people around adolescents may explain our results. Adolescents’
smoking behaviour is related to their parents, older brothers, older sisters, and friends.[32] In terms of their friends,
the school environment influenced their alcohol use and smoking behaviour.[33,34] Of the 153 schools that
participated in the 1996 survey, the prevalence of alcohol use in every participating school ranged from 12.1% to
76.0% and that of smoking from 0.7% to 50.5%. All these participating schools had at least one student who drank
alcohol and smoked tobacco. Of the 103 schools that participated in the 2017 survey, the prevalence of alcohol
use in every participating school ranged from 0% to 13.8% and that of smoking from 0% to 8.8%. There were
two schools (1.9%) where no student did use alcohol in previous 30 days, and 17 schools (16.5%) where no student
did smoke in previous 30 days. Although the differences in prevalence between schools were reducing, they still
existed. Adolescent drinking and smoking prevention efforts should include enhancing the collective efficacy of
schools. In terms of their families, boys are influenced by their fathers and girls by their mothers.[11] In Japan,
the prevalence of smoking among adults was shown to have decreased annually for both men and women,[35]

which may be the reason for the smoking behaviour among adolescents. Adolescents’ drinking behaviours are
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also related to their family and friends. In particular, an adolescent’s drinking behaviour is more influenced by
their mother’s drinking behaviour than those of other family members.[12] In Japan, the prevalence of alcohol
use among men has not increased significantly, whereas among women, it has.[35] This drinking behaviour among
women may affect adolescents’ drinking behaviour. The prevalence of alcohol use among girls in the smokers’
group was consistently higher than that among boys in the same group, and the reduction rate was the lowest. A
probable reason for these trends is that the prevalence of alcohol use in the parents’ generation, especially in
women, did not decrease, unlike that of smoking. Further, girls were influenced, considerably, by their mothers.

Furthermore, the reduction rate in the prevalence of smoking by the drinkers’ and non-drinkers’ groups was higher
than the prevalence of alcohol use in the smokers’ and non-smokers’ groups. This may have been the result of the
different political measures instituted against tobacco and alcohol use in Japan. Since implementation of tobacco
tax in Japan, tobacco and consumer taxes have increased several times, with the price of a pack of 20 of the most
popular brands of cigarettes in Japan increasing each time. The price of a pack of 20 cigarettes in 1996 was 240
yen (equivalent to 2 USD). It increased to 250 yen (4% increase), 270 yen (8% increase), 300 yen (11% increase),
410 yen (37% increase), and 420 yen (2% increase) in 1998, 2003, 2006, 2010, and 2014, respectively. Self-
regulation of the tobacco industry from 1998 has resulted in the regulation of tobacco commercials. An increase
in the price and regulation of tobacco commercials may have contributed to the decrease in the rate of smoking
among adolescents; however, the prevalence of smoking among the drinkers’ group increased between 2012 and
2017. Moreover, the alcohol tax varied according to type of alcohol, and the tax on beer was stable between 1996
and 2017. Thus, the price of alcohol increased by only 2-3% because of the consumer tax; the cheapest beer or
alcopop was sold for less than 1 USD. Prior to 2000, students could buy alcohol from supermarkets, convenience
stores, and vending machines. In 2000, Japan enacted a revision of the Act to Prohibit Minors from using alcohol
with a reinforcement of the penalty for selling alcoholic beverages to minors. Furthermore, the law was revised
again in 2001 to reinforce age confirmation by liquor distributors. After 2000, the number of alcohol vending
machines also decreased due to the self-regulation of the alcohol industry.[36] Therefore, the decrease in the
prevalence of alcohol use among adolescents since 2000 may be attributed to the aforementioned policy. However,
from 2004, a bigger decrease was shown among both the smokers’ and non-smokers’ groups, suggesting that

although alcohol policies were changed in 2000, their effect was delayed as the policies were spread widely and

slowly. Moreover, alcohol commercials remained unbanned. These policies had different effects on each subgroup.

Rising tobacco prices and deferring alcohol prices may have contributed to the differences in the reduction rates
of the prevalence of alcohol use and smoking, respectively.

Our findings revealed that the trends in alcohol use and smoking differed between the non-smokers’ and smokers’
groups and between the non-drinkers’ and drinkers’ groups. These results may be partly explained by the social
context of those substance users. Some Japanese researchers have reported an association between the social
context and HRBs. For example, the prevalence of lifetime alcohol use and smoking in adolescent youth detention
centres in Japan was found to be much higher than that outside such centres,[21] schools and neighbourhood
contexts were also found to be associated with adolescent drinking,[33] and childhood poverty had a negative
effect on adult HRBs.[37] This study showed different trends in the prevalence of alcohol use and smoking in

each subgroup, i.e., the lifestyle of non-drinkers and non-smokers has become healthier, whereas that of drinkers
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and smokers has not changed despite the decrease in the number of adolescent drinkers and smokers. Additionally,
we observed that there were differences in the trends of the prevalence of alcohol use and the prevalence of
smoking by what their intentions were with regards to pursuing further education: the group that had the highest
academic intention had the highest reduction rate, i.e., students who had higher academic intentions showed a
greater decrease in prevalence compared with those who had lower academic intentions. Students’ choices after
graduating from senior high school influenced their future socioeconomic status and lifestyle. Some researchers
have reported that HRBs, such as alcohol use and smoking, were associated with lower academic
performances.[38, 39] This observation was consistent with our findings, where there were differences in the
trends of prevalence of alcohol use and smoking and reduction rate with the intention to pursue further education.
This implied that adolescents’ HRBs could be a driving factor later in their life. In order to not widen the inequality
gap, these results highlighted the importance of focusing on the high-risk groups that delay the reduction in the
prevalence and develop appropriate strategies to approach or intervene in this group, for example, school-based
interventions.

The strength of our study is that the data were collected from periodical, nationwide large-sample surveys. This
methodology enabled us to minimize any sampling bias.[22] Hence, the results of this study can potentially be
generalised nationwide for Japanese adolescents. However, our study also had several limitations. First, the
sample of the participants was possibly biased, as 30-50% of the sampled schools did not respond to the surveys.
Despite the effort made by the research team, ethical concerns and inconvenience due to the need for elaborate
explanations may have been reasons for the lower rate of cooperation among schools. Concerning this, the greatest
ethical issue was the requirement to meet the criteria required for ethical approval. However, the characteristics
of the schools that responded did not differ significantly from those of the non-responding schools. Since this
tendency was consistent across the surveys, the trends in this study were interpreted easily. Second, although
student questionnaires were anonymous and the students put them into private envelopes themselves, the
distribution of the forms by class teachers may have influenced the results. Moreover, the explanatory document
given to the class teachers explained that they had to ensure the students’ privacy. Notwithstanding these
limitations, it is important to continue conducting periodic nationwide surveys, even if some methodological

problems exist.

CONCLUSION

Since 1996, the prevalence rates of drinking and smoking among Japanese adolescents have decreased. However,
the trend was different between the non-drinkers’ and drinkers’ groups and the non-smokers’ group and smokers’
groups. In other words, not only does an HRB disparity exist among Japanese adolescents but it may be widening.
The results from the sub-analysis indicated that students who had higher academic intentions presented a greater
reduction in the prevalence of alcohol use and smoking, a trend associated with their future socioeconomic status.
To further improve the status of alcohol use and smoking among adolescents, it is imperative to comprehensively
adapt interventions, enlighten adults and parents, raise the prices of tobacco and alcohol, and regulate sale

promotions. Furthermore, in order to not widen the inequality gap, the results highlight that it is important to focus
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on the high-risk group that delays improvement, consider social contexts, and develop an appropriate strategy to

approach or intervene in this group.
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Figure 1. Prevalence of alcohol use by smoking status and prevalence of smoking by alcohol use among
students (aged 12—18 years) in 1996, 2000, 2004, 2008, 2012, and 2017 by sex
** [colour image] Figurel
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Supplementary File 1. The list of questions from the survey questionnaire

% Students were asked to select one option in each question.

English version
1. Demographic data
(1) Are you male or female?

- ‘Male’ or ‘Female’

(2) What is your grade in school?
‘Grade 1°, ‘Grade 2’°, or ‘Grade 3’

2. Use of Alcohol
(1) How many days have you drunk alcohol in the previous 30 days?
- ‘Oday’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’, ‘10-19 days’, ‘20-29 days’ or ‘every day’

(2) How much have you drunk alcohol on the drinking day?
- ‘No glass’ ‘Less than 1 glass (a little bit)’, 1 glass’, ‘2 glasses’, ‘3-—5 glasses’, ‘More than 6 glasses’, ‘Until get

drunk’

3. Use of cigarettes
(1) How many days have you smoked cigarettes in the previous 30 days?
(In the 2017 survey ‘cigarettes’ was changed to ‘combustible cigarette’)

- ‘0Oday’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’, ‘10-19 days’, ‘20-29 days’ or ‘every day’

(2) How many cigarettes have you smoked cigarettes on average per day in the previous 30 days?
(In the 2017 survey ‘cigarettes’ was changed to ‘combustible cigarette’)
- (1996 and 2000 survey)
‘Have not smoked in previous 30days’, ‘Less than 1 cigarette per day’, ‘1-4 cigarettes’, ‘5-9 cigarettes’, ‘10-14
cigarettes’, ‘15—19 cigarettes’, ‘More than 20 cigarettes’
- (From the 2004 to 2017 survey)
‘Have not smoked in previous 30days’, ‘Less than 1 cigarette per day’, ‘1 cigarette’, ‘2—5 cigarettes’, ‘6—10

cigarettes’, ‘1115 cigarettes’, ‘1620 cigarettes’, ‘More than 21 cigarettes’
4. Intention to pursue future education

(1) What is your intention after graduating from school? Choose the option closest to your current feelings?

- ‘senior high school’, ‘vocational school’, ‘2-year-college’, ‘college’, ‘graduate school’, “start working’, ‘unknown’
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Japanese version

1. dh7zBHEOZELICOVWTHEBLET,

(1) dirizi3BHETTr. ZETT2?H5TREZBFICOEDTTLEI W,
1. B 2. &tk

(2) B0 FRFEETTH?HTREIHFICOE DT TLEI W,
1. 144 2. 284 3. 3%4

2. ZIZabikBHEIcoOWTOERTT,
(1) zo30HEIC, 2L ThBHERALZHIZEHICARY 357

1. 0H 3. 3~5H 5. 10~19 H 7. mH (30 H)
2. 12»2H 4. 6~9H 6. 20~29 H
(2) BHERDLEZXICTIILEDLOVOBEMAB T TH?
1. fREZRW 5. 2y 7I3~5H
2. ay 7 1HEK (3A0b LoR) 6. v 7ic6MLLE
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B) Prevalence of alcohol use between the 8t grade and
12th grade in every four-year survey; and between the
7th grade in 2012 and the 12t grade in 2017

60

50

40

30

20

Prevalence of alcohol use (%)

10

2000
2004
1996
2000 2008
2004

2008

201%____________________________- 2017

Grade

B) Prevalence of smoking between the 8t grade and 12t
grade in every four-year survey; and between the 7th
grade in 2012 and the 12t grade in 2017

60

50

w B
o o

Prevalence of smoking (%)
N
o

10

2000

2004

2008

2012

For peer review only - http://bmjopen.bmj.com/site/about/gui&&?r?es.xhtml

7 11
Grade

1996 2017
2000
2004
2012
12
/ 8 Grade


http://bmjopen.bmj.com/

Page 25 of 28

oNOYTULT D WN =

BMJ Open

Supplementary Table 1. Sampling of the study-participating schools in 1996, 2000, 2004, 2008,

2012, and 2017

Year 1996 2000 2004 2008 2012 2017
n (%) n (%) n (%) n (%) n (%) n (%)
Junior high school
(A) Number of schools in Japan 11194 11153 11060 10882 10018 10325
(B) Number of schools sampled (%) 122 (1.1) 132 (1.2) 131 (1.2) 130 1.2) 140 (1.4) 98 (0.9)
(C) Number of schools which took part 80 99 92 92 94 48
Response rate 65.6 75.0 70.2 70.8 67.1 49.0
Senior high school
(D) Number of schools in Japan 5330 5315 5193 5115 4603 4907
(E) Number of schools sampled (%) 109 (200 102 (199 109 (2.1) 110 (2.2 124 (2.7) 86 (1.8)
(F) Number of schools which took part 73 77 87 80 85 55
Response rate 67.0 75.5 79.8 72.7 68.5 64.0

Supplementary Figure 1. Flowchart of data collection

(A) Junior high schools (Grade 7 to 9)
(D) Senior high schools (Grade 10 to 12)
across Japan

ﬂ Randomly selected
e A
(B) Junior high schools
(E) Senior high schools

were selected
N J

ﬂ The research office posted the questionnaires

~
Students answered questionnaires
administered at their schools and put them
into private envelopes themselves
J

The questionnaire envelopes were collected by class
teachers and returned to the research office

(C) Junior high school
(F) Senior high school
responded

(A) — (F) in Supplementary Figure 1 correspond to (A) — (F) in Supplementary Table 1
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Supplementary Table 2. Amount of alcohol drunk among alcohol users on drinking day

1996 2000 2004 2008 2012 2017
n=44545 n=39497 n=30233 n=16110 n=12034 n=3584
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl
Less than 2
| 421 (41.7,426) 603 (59.9,60.8) 609 (60.4,61.5) 61.6 (60.9,62.4) 63.8 (62.9,646) 652 (63.6,66.7)
glasses
More than 3
| 39.4  (39.0,39.9) 313 (30.9,31.8) 322 (31.7,327) 31.3 (30.6,32.0) 30.2 (29.3,31.0) 27.2 (25.7,28.7)
glasses
Until getdrunk  10.6  (10.3,10.9) 68  (6.6,7.1) 5.9 (5.7,6.2) 58 (54,62 44  (4.1,49) 56  (4.8,6.3)
Cl, confidence interval E
o
@
24
. @
Supplementary Table 3. Number of cigarettes smoked among smokers on average per day =3
o
1996 2000 2004 2008 2012 2017 §
o
n=20070 n=16237 n=9614 n=4966 n=2851 n=769 2
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl ‘g
Less than 9 =
i 60.2 (59.5,60.9) 740 (73.2,74.5) o
cigarettes c
— — — — =
>
More than 10 «
359 (35.2,36.5) 230 (21.9,23.2) -
cigarettes e
[
(%2
Less than 10 ]
) 67.4 (66.4,68.3) 673 (66.0,68.6) 732 (71.5748) 69.1 (65.8,72.3) ®
cigarettes ©
— — 5
More than 11 Ly
i 293 (28.4,30.2) 284 (27.2,29.7) 231 (21.6,247) 250 (21.9,28.0) =
cigarettes o
o
Cl, confidence interval x
Q
>
o
[oX
Supplementary Table 4. Days of alcohol drunk among alcohol users %
1996 2000 2004 2008 2012 2017 3
>
n=44545 n=39497 n=30233 n=16110 n=12034 n=3584 E
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl >
1-9 days 915 (91.3,91.8) 91.1 (90.9,91.4) 90.1 (89.8,90.5) 89.6 (89.2,90.1) 90.6 (90.1,91.1) 89.3 (88.3,90.3) o
>
10-29 days 7.1 (6.8,73) 80  (7.7,83) 87 (84,9.00 89 (85,9.4) 83 (7.8,8.8) 9.1 (8.1,10.0) g
every day 14 (1.3,15) 0.9 (0.8, 1.0) 1.2 (1.1,1.3) 14 (1.2,1.6) 1.1 (1.0, 1.3) 16 (1.2,2.0) o
o
Cl, confidence interval 2}
3
)
Supplementary Table 5. Days of cigarettes smoked among smokers §
1996 2000 2004 2008 2012 2017 g
n=20070 n=16237 n=9614 n=4966 n=2851 n=769 g
2
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl 2]
1-9 days 33.0 (324,33.7) 323 (31.6,33.0) 350 (34.0,359) 384 (37.1,39.8) 380 (36.2,39.7) 472 (43.7,50.7)
10-29 days 19.2  (186,19.7) 19.0 (184,19.6) 21.0 (202,219 20.7 (19.6,21.8) 237 (22.2,253) 21.2 (18.3,24.1)
every day 478 (47.1,485) 487 (47.9,49.5) 440 (43.0,45.0) 409 (39.5,422) 383 (36.5,40.1) 31.6 (28.3,34.9)

Cl, confidence interval
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting

observational studies.
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recruitment, exposure, follow-up, and data collection

Give the eligibility criteria, and the sources and methods of selection of

participants.

Clearly define all outcomes, exposures, predictors, potential

confounders, and effect modifiers. Give diagnostic criteria, if applicable

For each variable of interest give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment
methods if there is more than one group. Give information separately

for for exposed and unexposed groups if applicable.
Describe any efforts to address potential sources of bias
Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen, and why

Describe all statistical methods, including those used to control for

confounding

Describe any methods used to examine subgroups and interactions

Explain how missing data were addressed

If applicable, describe analytical methods taking account of sampling

strategy

Describe any sensitivity analyses

Report numbers of individuals at each stage of study—eg numbers
potentially eligible, examined for eligibility, confirmed eligible,
included in the study, completing follow-up, and analysed. Give
information separately for for exposed and unexposed groups if

applicable.
Give reasons for non-participation at each stage

Consider use of a flow diagram
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Give characteristics of study participants (eg demographic, clinical,
social) and information on exposures and potential confounders. Give

information separately for exposed and unexposed groups if applicable.

Indicate number of participants with missing data for each variable of

interest

Report numbers of outcome events or summary measures. Give

information separately for exposed and unexposed groups if applicable.

Give unadjusted estimates and, if applicable, confounder-adjusted
estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
Report category boundaries when continuous variables were categorized

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period

Report other analyses done—e.g., analyses of subgroups and

interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of potential
bias or imprecision. Discuss both direction and magnitude of any

potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar studies, and

other relevant evidence.

Discuss the generalisability (external validity) of the study results

Give the source of funding and the role of the funders for the present
study and, if applicable, for the original study on which the present

article is based
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ABSTRACT

Objectives: This study aimed to assess the trend in the prevalence of alcohol use in non-smokers’ and smokers’

groups and that of smoking in non-drinkers’ and drinkers’ groups using Japanese school-based nationwide surveys.

Design: Nationwide cross-sectional surveys were conducted between 1996 and 2017.

Setting: Surveyed schools, both junior and senior high schools, considered representative of the entire Japanese
nation, were sampled randomly.

Participants: We enrolled 11,584-64,152 students from 179—103 schools yearly. They completed a self-reported
and anonymous questionnaire on smoking and drinking behaviour.

Results: Since 1996, the prevalence of alcohol use and smoking among adolescents decreased in each survey
(p<0.01). The prevalence of alcohol use in the non-smokers’ group was 29.0% in 1996 and 4.0% in 2017, and in
the smokers’ group, it was 73.3% in 1996 and 57.4% in 2017. The reduction rate (the difference in prevalence
between 1996 and 2017 divided by the prevalence in 1996) was 0.86 in the non-smokers’ group and 0.22 in the
smokers’ group. The prevalence of smoking in the non-drinkers’ group was 6.7% in 1996 and 0.7% in 2017, while
that in the drinkers’ group was 32.5% in 1996 and 18.9% in 2017. The reduction rate was 0.90 in the non-drinkers’
group and 0.42 in the drinkers’ group. Therefore, downward trends differed among the groups. In a sub-analysis
of senior high school students, we divided students into three groups according to the intention to pursue further
education. Between 1996 and 2017, there was a consistent difference in the prevalence of alcohol use and smoking
among these groups.

Conclusions: The situation of alcohol use and smoking among Japanese adolescents seems to have improved.
However, specific groups showed poor improvements, and health risk behaviour disparity exists, which may

widen. We need to focus on high-risk groups and appropriate approaches or interventions for such groups.

STRENGTHS AND LIMITATIONS OF THIS STUDY

e The data were collected from a periodical, nationwide large-sample surveys on Japanese adolescents
between 1996 and 2017, and the study contained a large sample size (n=11,584-64,152 per year).

e This study focused on the co-use of alcohol and tobacco and analysed its trends in the sub-groups.

*  Due to ethical concerns and inconvenience, school response rates were not as high as expected; however,
the student-response rate was consistent.

*  Due to the ethical concerns, we did not ask students their social and economic status and instead analysed
the trends by the students’ intention to pursue further education.

*  The study used a self-reporting questionnaire; hence further studies to examine the accuracy of its findings

are required.

Keywords: alcohol use, smoking, adolescents, prevalence, Japan
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INTRODUCTION

Smoking causes approximately eight million deaths worldwide annually, and the harmful use of alcohol results
in approximately three million deaths.[1, 2] Smoking and alcohol consumption usually start during adolescence,
leading to the detrimental consequences of an epidemic of non-communicable diseases in adulthood. Health risk
behaviours (HRBs) are shaped by social, economic, and cultural forces and are major determinants of ill health
and health-related inequalities across the course of life.[3—5] Therefore, adolescence is a key period for controlling
HRBs. Some studies have identified alcohol use, smoking, drug use, and risky sexual behaviours as risk behaviour
clusters[6-9] and socioeconomic status as a strong predictor of engaging in multiple-risk behaviours.[10] Since
1996, our research group has been monitoring alcohol use and smoking among adolescents in Japan. According
to reports, the prevalence of alcohol use and smoking among adolescents in Japan has continued to decline and is
reported to be lower than that in the European countries and the United States.[11, 12] Researchers from other
countries have reported a different trend in the prevalence of smoking and alcohol use in some adolescents over
time. For instance, socioeconomic backgrounds had the shortest transition period to daily smokers in France,[13]
higher educational aspiration was negatively associated with alcohol use behaviour in Finland,[14] and
adolescents who were not in school were inclined to smoke in China.[15] Moreover, some studies have reported
on alcohol consumption and health inequality and higher rates of morbidity and mortality in adults with a lower
socioeconomic status.[16—19] In Japan, despite the improvement in the situation on alcohol use and smoking
among Japanese adolescents, the prevalence of alcohol use and smoking have not reached the goal of 0% that
Japanese government had established. Furthermore, because health inequalities and social disparities are current
public health issues in Japan,[20] there may be groups that have not improved. Therefore, it is important to
examine whether an HRB disparity exists among Japanese adolescents. Few studies have focused on the co-use
of alcohol and tobacco and the analysis of trends in subgroups. Hence, we focused on the co-use of alcohol and
tobacco and hypothesised that some groups may have certain characteristics that can reduce the prevalence of
alcohol use and smoking. To further improve the status of alcohol use and smoking among adolescents, it is
essential to evaluate these groups and implement interventions. Incidentally, drug use among adolescents in Japan
is not a major problem; the prevalence rate of drug use among teenagers was 0% in 2015.[21] Therefore, the
present study aimed to evaluate the nationwide prevalence of smoking and alcohol use, as they were main

substance-use problems and have been investigated as HRBs among Japanese adolescents.

METHODS

Study population

This was a cross-sectional random sampling survey that used single-stage cluster sampling.[22] Sampling was
performed by dividing Japan into regional blocks and randomly selecting schools from each block. Using the
national school directory, junior high schools and senior high schools throughout Japan were randomly extracted,
and all students enrolled in the sampled schools were participants of the study. The number, selection rate, and
response rate of the schools for each survey are shown in Supplementary Table 1. The response rates of schools
ranged between 49.0% and 79.8%.

To verify our hypothesis, the research population was divided into the following subgroups: smokers’ group/non-
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smokers’ group, drinkers’ group/non-drinkers’ group, and the intention to pursue further education. Next, the

trend in prevalence of alcohol use and smoking in each group was examined.

Data collection

The study was approved by the Ethics Review Committee of Tottori University School of Medicine.
Supplementary Figure 1 shows the flowchart of data collection of the study. We obtained the cooperation of the
principals of all the schools and sent the survey forms to all the students. The teachers encouraged the students
to respond voluntarily and honestly. The students were given anonymised questionnaires and envelopes. The
completed questionnaires were placed in envelopes by the students themselves, and the envelopes were

collected by the teachers in a sealed state and returned to our institute.

Patient and Public Involvement

No patients were involved in this study.

Measures

Alcohol use and smoking

Alcohol users and smokers were defined as those who had consumed alcohol or smoked at least once during the
previous 30 days. The questionnaire focused on the students’ experiences, frequency of alcohol use (‘How many
days have you drunk alcohol in the previous 30 days?’) and smoking (‘How many days have you smoked
cigarettes in the previous 30 days?'), amount of alcohol use (‘How much have you drunk alcohol on the drinking
day?’) and smoking (‘How many cigarettes have you smoked cigarettes on average per day in the previous 30
days?").

To assess the frequency of alcohol use, seven options were provided: ‘0 days’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’,
’10-19 days’, 20-29 days’, or ‘every day’. To assess the amount of alcohol use, seven options were provided:
‘No glass’, ‘Less than 1 glass (a little bit)’, ‘1 glass’, ‘2 glasses’, ‘3-5 glasses’, ‘More than 6 glasses’, or ‘Until
get drunk’.

In the 1996 and 2000 surveys, to assess smoking, seven options were provided: ‘Have not smoked in previous 30
days’, ‘Less than 1 cigarette per day’, ‘1-4 cigarettes’, ‘5-9 cigarettes’, ‘10—14 cigarettes’, ‘1519 cigarettes’, or
‘More than 20 cigarettes’; while in the 2004 to 2017 surveys eight options were provided: ‘Have not smoked in
previous 30 days’, ‘Less than 1 cigarette per day’, ‘1 cigarette’, ‘25 cigarettes’, ‘6—10 cigarettes’, ‘11-15
cigarettes’, ‘1620 cigarettes’ or ‘more than 21 cigarettes’. (Supplementary Filel.) In only the 2017 survey, the
questions about cigarettes were divided into three categories: combustible cigarette, heat-not-burn tobacco, and

electronic cigarettes. Thus, in the 2017 survey, this analysis regarded combustible cigarette users as smokers.

Intention to pursue further education after graduating from senior high school
We assessed the intention to pursue further education after graduating from school (‘What is your intention after
graduating from school? Choose the option closest to your current feelings’). Seven options were provided: ‘senior

high school’, ‘vocational school’, ‘2-year-college’, ‘college’, ‘graduate school’, ‘start working’, and ‘unknown’.
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The intention to further education after graduating from school was categorised into four groups: (1) senior high
school graduation, (2) junior college (2-year college/vocational school), (3) college or higher educational degree

(4- or 6-year college/graduate school), and (4) unknown.

Data analysis

The proportions and 95% confidence intervals (CI) presented in the Tables were calculated using a weighting
method and based on one-stage stratified cluster sampling.[22] The proportions were adjusted for grade and sex
using the number of junior high and senior high school students nationwide as a standard population, from the
School Basic Survey conducted by the Ministry of Education, Science and Technology (2017). A Cochran-
Armitage trend test was performed to clarify the linear trend in prevalence by year. A p-value < 0.05 was
considered statistically significant. All statistical analyses were performed using JMP Pro version 13 for Windows
(SAS Institute Inc., Cary, NC, USA). Data of the participants that did not have information on sex, grade, or age
were regarded as discrepant data and excluded from the analysis. To measure the rate of change in the prevalence,
we calculated the reduction rate using the following formula: reduction rate = (Prevalence in 1996 - Prevalence

in 2017) / Prevalence in 1996.

RESULTS
The differences in the baseline characteristics of participating schools, students (sex and grade), alcohol use in the
previous 30 days, and smoking in the previous 30 days are presented in Table 1. Between 1996 and 2017, the

prevalence of alcohol use and smoking decreased steadily.
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165  Table 1. Characteristics of the study participants in 1996, 2000, 2004, 2008, 2012, and 2017
1996 2000 2004 2008 2012 2017
(n=115814) (n=106297) (n=102451) (n=95680) (n=100050) (n=64152)
n (%) n (%) n (%) n (%) n (%) n (%)
Sex
Boys 57116 (49.3) 54576 (51.3) 55998 (54.7) 48525 (50.7) 51587 (51.6) 34582 (53.9)
Girls 58698 (50.7) 51721 (48.7) 46453 (453) 47155 (49.3) 48463 (48.4) 29570 (46.1)
School grade
Junior high school (12-15 y/o)
Grade 7 14369 (12.4) 15372 (14.5) 13146 (12.8) 13302 (13.9) 13405 (13.4) 7384 (11.5)
Grade 8 14118 (12.2) 15916 (15.0) 13079 (12.8) 13649 (143) 12884 (12.9) 7329 (11.4)
Grade 9 14311 (124) 15958 (15.0) 13160 (12.8) 12925 (13.5) 12205 (12.2) 7415 (11.6)
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 275  (0.3) 0 0.0) 87 (0.1
Senior high school (15-18 y/o)
Grade 10 24696 (21.3) 21142 (19.9) 21815 (21.3) 20157 (21.1) 21480 (21.5) 14201 (22.1)
Grade 11 25416 (21.9) 19600 (18.4) 21530 (21.0) 18328 (19.2) 20026 (20.0) 14212 (22.2)
Grade 12 22904 (19.8) 18309 (17.2) 19721 (19.2) 16785 (17.5) 20050 (20.0) 13404 (20.9)
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 259  (0.3) 0 0.0) 120  (0.2)
Alcohol use/smoking
Alcohol use in the previous 30 days 44545 (38.7) 39497 (37.4) 30233 (29.7) 16110 (16.9) 12034 (12.1) 3584 (5.6)
Smoking in the previous 30 days 20070 (17.9) 16237 (157) 9614  (9.5) 4966  (52) 2851 (2.9) 1183  (1.8)
166  y/o: years old
167
168 Supplementary Figure 2 shows the change in the prevalence of alcohol use from 1996 to 2012 between the 7th
169 grade and 11th grade and between the 8th grade and 12th grade in every four-year survey, and between the 7th
170 grade in 2012 and the 12th grade in 2017. Supplementary Figure 3 shows the change in smoking prevalence in
171 the same groups described in Supplementary Figure 2. Both the prevalence of alcohol use and that of smoking
172  among the same grade showed a reduction over time.
173
174 Table 2 shows the prevalence rates for alcohol use only, smoking only, no-use, and co-use in the previous 30 days
175 between 1996 and 2017. In each survey, the prevalence of co-use among boys was higher than that among girls,
176 while a significant decrease was observed in each survey for both boys and girls (p < 0.01). Accordingly, in each
177 survey, the prevalence of no-use among girls was higher than that among boys and was significantly increased in
178 each survey for both boys and girls (p < 0.01). In 2017, almost all the participants recorded no-use (boys 93.3%,
179  95% CI: 93.5-93.0; girls 95.0%, 95% CI: 95.2-94.8). The prevalence of smoking only among boys was higher
180 than that among girls, and it decreased in each survey for both boys and girls (p < 0.01). Conversely, between
181 1996 and 2012, the prevalence of alcohol use only among girls was higher than that among boys, while in 2017,
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1
2
2 182 it was lower than among boys.
5 183
3 184 Table 2. Prevalence of alcohol use and/or smoking in 1996, 2000, 2004, 2008, 2012, and 2017 by sex -‘
8 1996 2000 2004 2008 2012 2017
9 .
10 %  95%CL % 95%Cl % 95%CL %  95%Cl %  95%Cl %  95%CI P-value®
11
12 No use® 50.3 (50.9,49.7) 547 (553,54.1) 664 (66.9,659) 80.4 (80.8,80.0) 869 (87.2,86.6) 933 (93.5,93.0) <0.01 |
13 |
14 Alcoholuseonly® 239 (24.2,23.6) 242 (24.6,239) 21.5 (21.8,213) 127 (128,125 92  (93,9.0) 5.1  (53,5.0) <001y
TSoys S
16 Smoking only® 69 (71,68 58 (60,57 32 (33,31) 23 (24,22 13 (14,13) 05  (0.5,0.5) <o‘013 |
17 e
18  Co-use® 18.9 (19.5,183) 153 (15.7,148) 89  (9.1,8.6) 47 (49,45 26 (27,25 11  (12,1.0) <0.01Z
19 o -
20 No use® 632 (63.6,62.8) 62.8 (63.3,62.4) 703 (70.7,69.8) 82.8 (83.1,82.4) 873 (87.5,87.0) 95.0 (95.2,94.8) <0.01§ |
S
21 o
22 Alcohol use only® 267 (25.2,25.3) 272 (275,26.8) 233 (23.7,23.0) 138 (14.1,13.6) 11.0 (11.2,108) 43  (4.4,4.1) <0.01Z |
Wirls =
24 Smoking only® 23 (23,22) 23 (24,22) 15 (15,14 09  (09,08) 04  (04,03) 02  (0.2,0.1) <0012
o \
25 5
26  Co-use 78  (8.0,7.6) 7.7 (719,75 51 (5.1,48) 25  (2.6,24) 14 (14,13) 06  (0.6,0.5) <0012
S
27 =
28 No use® 56.8 (57.3,56.3) 58.6 (59.1,58.2) 68.1 (68.6,67.7) 81.6 (81.9,81.2) 87.1 (87.3,86.8) 94.1 (94.3,93.9) <0.015 m(
29 Ga
30 Alcohol use only® 253 (25.5,25.1) 25.6 (25.9,254) 224 (22.6,22.1) 132 (134,13.0) 10.1 (102,9.9) 47  (4.9,4.6) <0010 5"
Hoth % r:D }
32 Smoking only® 46  (47,44) 41  (42,40) 24 (2523) 16 (16,15 09 (09,08 03  (0.4,03) <o.01E?D ‘
=3
33 =
34  Co-use® 133 (13.7,129) 116 (11.9,11.3) 7.1  (73,69) 3.6 (3835 20 (21,19 09  (0.9,0.8) <0.01% g |
3 ; —=2%
185 CI, confidence interval Qg
36 o<
37 186  *based on the Cochran-Armitage trend test 8
w I
gg 187  ‘in the previous 30days g@
40 188 a-
>
2; 189 Supplementary Table 2 and Table 3 show the prevalence of the amount of alcohol used among alcohol users on =
o7
43 190 drinking day for three groups; ‘less than 2 glasses’, ‘more than 3 glasses’ and ‘until get drunk’, and the prevalence g
jg 191 of the average number of cigarettes smoked among smokers per day for two groups; ‘less than 9(10) cigarettes’ 2
=} \
46 192 and ‘more than 10(11) cigarettes.” Between 1996 and 2017 the prevalence of ‘less than 2 glasses’ alcohol users 3 |
2273 193 tended to increase in every survey. Between 2004 and 2017 the prevalence of ‘more than 11 cigarettes’ smokers 3
Q
49 194 did not increase distinctly. Supplementary Table 4 and 5 show the prevalence of the number of days alcohol was =
o) {
?1) 195 used in the last 30 days among alcohol users for three groups; ‘1-9 days’, ‘10-29 days’, and ‘every day’, and the g |
52 196 prevalence of the number of days of smoking cigarettes in the last 30 days among smokers for three groups; ‘1-9 g :
o) \
gi 197 days’, ‘10-29 days’, and ‘every day’. For alcohol users, it did not change distinctly, while in smokers, every day L
55 198  smokers tended to decrease. ¢
56 |
57 199 ‘
58 200 Table 3 and Figure 1 show the prevalence of alcohol use in the non-smokers’ and smokers’ groups and the
Zg 201 prevalence of smoking in the non-drinkers’ and drinkers’ groups, adjusted for grade and sex. The prevalence of ‘
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alcohol use in the non-smokers’ group was lower than that in the smokers’ group in each survey. In the non-
smokers’ group, the prevalence rates did not change in the surveys of 1996 and 2000. However, in the 2004 to
2017 surveys, it decreased in each survey among both boys and girls. Conversely, it increased between 1996 and
2004 in the smokers’ group and subsequently decreased between 2004 and 2008 among both boys and girls.
Among boys, it decreased in 2017, whereas among girls, it increased in 2012 and decreased in 2017. The reduction
rates in the non-smokers’ group were lower than that in the smokers’ group; the reduction rate among girls in the
smokers’ group was 0.19, which was the lowest. Similarly, the prevalence of smoking was lower in the non-
drinkers’ group than that in the drinkers’ group. In the non-drinkers’ group, the prevalence of smoking decreased
between 1996 and 2000 among boys, whereas it increased among girls. Between 2000 and 2017, it halved in each
survey among both boys and girls. However, in the drinkers’ group, it decreased between 1996 and 2000 among
boys, whereas it did not change among girls. Between 2000 and 2012, it decreased, and between 2012 and 2017,
it increased slightly among boys and girls. Moreover, the reduction rates in the non-drinkers’ group were lower

than that in the drinkers’ group.
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years) in 1996, 2000, 2004, 2008, 2012,

sminy t uo gHS0-0202-uadolw

and 2017 by sex
o
1996 2000 2004 2008 2012 2017
& TTT Reduction rate ®
%? 95% CI %? 95% CI %? 95% CI %? 95% CI %? 35% %@ 95% CI
D N
Non-smokers 304 (303,30.5)  30.1  (30.1,302) 23.0 (22.9,23.0) 127 (127,128) 9.0 &ER 43 (4.3,43) 0.86
Boys g CBD [
Aloohol use Smokers 720 (719,72.1) 720  (71.9,72.1) 725  (724,727) 663  (66.1,66.5)  64.8 (6%.%(%7.0) 553 (54.9,55.7) 0.23
in the Non-smokers 278  (277,27.8) 291  (29.1,29.2) 237  (23.7,23.8) 138 (13.8,13.8) 10.7 (1%@@8) 3.7 (3.7,3.8) 0.87
Girls N 8
previous 30 Smokers 76.7  (76.5,76.9) 763  (76.2,76.5) 770  (76.8,77.2) 737  (73.5,74.0)  79.5 (75_7(573.9) 62.0  (61.5,62.5) 0.19
o C
==
days Non-smokers 290 (29.0,29.0)  29.6  (29.6,29.6) 234  (233,234) 133 (132,133) 99 EB59) 4.0 (4.0, 4.0) 0.86
Both 3 % =
Smokers 733 (732,734) 733 (BL734) T4l (740,742) 687  (68.6,689) 692 (BWE) 574 (ST.1,57.7) 0.22
>
Q=
Non-drinkers 10.6  (10.6,10.7) 92 9.1,9.2) 4.0 (4.0,4.1) 25 (2.5,2.5) 1.4 &4, %) 1.0 (1.0, 1.0) 0.91
Boys =
Drinkers 412 (41.1,413) 376 (37.5,37.7) 270  (27.0,272) 258 (257,259) 213 (252,285 221  (21.9,223) 0.46
Smoking in =
Non-drinkers 3.1 (3.1,3.1) 34 (3.3,3.4) 1.9 (1.8, 1.9) 1.0 (1.0, 1.0) 0.4 @4, 0F) 0.4 (0.4, 0.4) 0.87
the previous  Girls »
Drinkers 214 (213,215 214 (213,215) 170 (169,17.1) 151 (150,152) 112 (21,183) 148 (146, 15.0) 0.31
30 days o
Non-drinkers 6.7 6.7,6.7) 6.2 6.2,6.2) 3.0 (2.9, 3.0) 1.8 (1.8, 1.8) 0.9 @9, 09) 0.7 (0.7,0.7) 0.90
Both &T
Drinkers 325 (32.4,32.5) 30.2 (30.1, 30.2) 22.2 (22.2,22.3) 20.6 (20.5,20.7) 16.2 (1%1, 3) 18.9 (18.8, 19.0) 0.42
CI, confidence interval g
2 adjusted for grade and sex ﬂg.
0]
(%]

b reduction rate = (Prevalence in 1996 - Prevalence in 2017) / Prevalence in 1996
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Table 4 shows the prevalence of alcohol use and smoking among senior high school students (aged 15-18 years)
by the intention to pursue further education, adjusted for grade and sex. The prevalence of alcohol use decreased
in each survey among the three groups, except for the junior college degree group between 1996 and 2000. The
prevalence of smoking decreased in each survey among the three groups, except for the high school graduation
group and college or the higher educational degree group between 1996 and 2000. Both the prevalence of
alcohol use and smoking in the college or higher educational degree groups were the lowest in each survey, with

the reduction rate being the highest among the three groups.
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230 Table 4. Prevalence of alcohol use and the prevalence of smoking among senior high school students (aged 15-18 yearsEin 96, 2000, 2004, 2008, 2012, and 2017 by
231  the intention to pursue further education a
o
1996 2000 2004 2008 2012 2017
o T Reduction rate ®
% 95%ClI %? 95%CI %@ 95%CI % 95%CI %? ] % CI % 95%CI
m —+
. . 2a'N
Alcohol use in the previous 30 days =] 8
TP
High school graduation 527 (52.6,52.9) 531 (52.9,532) 437  (43.6,43.9) 292  (29.0,29.3) 19.9 ﬁls?,sdo.O) 94 (9.4,9.5) 0.82
[e=Ne]
Junior college degree 46.7  (46.6,46.8) 47.1 (47.0,472) 428 (42.6,429) 288  (28.7,29.0) 21.6 @gﬁ§1.7) 9.8  (9.7,9.8) 0.79
n—n-.c o
College or higher educational degree ~ 18.0  (17.9,18.1) 16,6  (165,16.6) 10.1  (10.1,102) 5.7 (5.7,5.8) 32 @12 18 (1.8,1.8) 0.90
aed
Smoking in the previous 30 days © = =
8>S
High school graduation 368 (36.7,36.9) 377  (37.5,378) 237 (23.6,23.8) 155 (154,157) 7.6 3(}51'_'9537.6) 40  (3.9,4.0) 0.89
Sn=
Junior college degree 23.4 (23.3,23.5) 22.6 (22.5,22.7) 15.3 (15.2,15.4) 10.2 (10.1, 10.3) 5.0 8(2_179',55.0) 3.0 (3.0,3.1) 0.87
College or higher educational degree 13.1 (13.0, 13.2) 14.6 (14.6, 14.7) 6.7 (6.6, 6.7) 3.1 (3.1,3.1) 1.4 1.331.4) 1.0 (1.0, 1.0) 0.92

232  CI, confidence interval

233  =adjusted for grade and sex

234  Yreduction rate = (Prevalence in 1996 - Prevalence in 2017) / Prevalence in 1996.
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DISCUSSION

In this study, we found a decrease in the prevalence of alcohol use and smoking among the representative samples
of Japanese adolescents between 1996 and 2017. Moreover, the prevalence decreased to levels lower than those
in the European countries[23] and the United States.[24] Japan and other countries have shown a declining trend
in alcohol and tobacco,[23-26] which may have been due to the influence of the devaluation of alcohol and
tobacco, as well as socio-economic changes. In terms of alcohol, reports have indicated that the global decline in
youth drinking behaviour may have been due to a change in the societal and economic devaluation of alcohol.[27—
29] Tobacco control activity may have influenced those smokers who found it easier to quit while the remaining
smokers were those who were less likely to stop smoking.[30,31] However, regarding the frequencies of alcohol
use and smoking, the results of this study have indicated that among alcohol users and smokers, the prevalence of
frequent and greater users did not show an increase. The situation of alcohol use and smoking among Japanese
adolescents seems to have improved, while the prevalence of alcohol use and smoking have not reached the goal
of 0% established by Japanese government. In this study, we hypothesised that some groups with certain
characteristics may exhibit a delay in decreasing the prevalence of alcohol use and smoking. To examine this, we
compared the trend of alcohol use by dividing the students into two groups: the smokers’ and non-smokers’ groups
and similarly, the trend of smoking by creating two groups: the drinkers’ group and non-drinkers’ groups. Between
1996 and 2017, the prevalence of alcohol use in the smokers’ group was consistently higher than that in the non-
smokers’ group, and the reduction rate in the smokers’ group was lower than that in the non-smokers’ group. In
other words, the prevalence of alcohol use in the smokers’ group decreased at a rate slower than that in the non-
smokers’ group. Moreover, we compared the trend of smoking between the non-drinkers’ and drinkers’ groups
and examined the overall trend in the prevalence of smoking. Between 1996 and 2017, the prevalence of smoking
in the drinkers’ group was consistently higher than that in the non-drinkers’ group, and the reduction rate in the
drinkers’ group was lower than that in the non-drinkers’ group. In other words, the prevalence of smoking in the
drinkers’ group decreased at a rate slower than that in the non-drinkers’ group. These findings suggest that not
only does an HRB disparity exist among Japanese adolescents but that it may be widening.

The trends in alcohol and tobacco use among the people around adolescents may explain our results. Adolescents’
smoking behaviour is related to their parents, older brothers, older sisters, and friends.[32] In terms of their friends,
the school environment influenced their alcohol use and smoking behaviour.[33,34] Of the 153 schools that
participated in the 1996 survey, the prevalence of alcohol use in every participating school ranged from 12.1% to
76.0% and that of smoking from 0.7% to 50.5%. All these participating schools had at least one student who drank
alcohol and smoked tobacco. Of the 103 schools that participated in the 2017 survey, the prevalence of alcohol
use in every participating school ranged from 0% to 13.8% and that of smoking from 0% to 8.8%. There were
two schools (1.9%) where no student did use alcohol in previous 30 days, and 17 schools (16.5%) where no student
did smoke in previous 30 days. Although the differences in prevalence between schools were reducing, they still
existed. Adolescent drinking and smoking prevention efforts should include enhancing the collective efficacy of
schools. In terms of their families, boys are influenced by their fathers and girls by their mothers.[11] In Japan,
the prevalence of smoking among adults was shown to have decreased annually for both men and women,[35]

which may be the reason for the smoking behaviour among adolescents. Adolescents’ drinking behaviours are
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also related to their family and friends. In particular, an adolescent’s drinking behaviour is more influenced by
their mother’s drinking behaviour than those of other family members.[12] In Japan, the prevalence of alcohol
use among men has not increased significantly, whereas among women, it has.[35] This drinking behaviour among
women may affect adolescents’ drinking behaviour. The prevalence of alcohol use among girls in the smokers’
group was consistently higher than that among boys in the same group, and the reduction rate was the lowest. A
probable reason for these trends is that the prevalence of alcohol use in the parents’ generation, especially in
women, did not decrease, unlike that of smoking. Further, girls were influenced, considerably, by their mothers.

Furthermore, the reduction rate in the prevalence of smoking by the drinkers’ and non-drinkers’ groups was higher
than the prevalence of alcohol use in the smokers’ and non-smokers’ groups. This may have been the result of the
different political measures instituted against tobacco and alcohol use in Japan. Since implementation of tobacco
tax in Japan, tobacco and consumer taxes have increased several times, with the price of a pack of 20 of the most
popular brands of cigarettes in Japan increasing each time. The price of a pack of 20 cigarettes in 1996 was 240
yen (equivalent to 2 USD). It increased to 250 yen (4% increase), 270 yen (8% increase), 300 yen (11% increase),
410 yen (37% increase), and 420 yen (2% increase) in 1998, 2003, 2006, 2010, and 2014, respectively. Self-
regulation of the tobacco industry from 1998 has resulted in the regulation of tobacco commercials. An increase
in the price and regulation of tobacco commercials may have contributed to the decrease in the rate of smoking
among adolescents; however, the prevalence of smoking among the drinkers’ group increased between 2012 and
2017. Moreover, the alcohol tax varied according to type of alcohol, and the tax on beer was stable between 1996
and 2017. Thus, the price of alcohol increased by only 2-3% because of the consumer tax; the cheapest beer or
alcopop was sold for less than 1 USD. Prior to 2000, students could buy alcohol from supermarkets, convenience
stores, and vending machines. In 2000, Japan enacted a revision of the Act to Prohibit Minors from using alcohol
with a reinforcement of the penalty for selling alcoholic beverages to minors. Furthermore, the law was revised
again in 2001 to reinforce age confirmation by liquor distributors. After 2000, the number of alcohol vending
machines also decreased due to the self-regulation of the alcohol industry.[36] Therefore, the decrease in the
prevalence of alcohol use among adolescents since 2000 may be attributed to the aforementioned policy. However,
from 2004, a bigger decrease was shown among both the smokers’ and non-smokers’ groups, suggesting that

although alcohol policies were changed in 2000, their effect was delayed as the policies were spread widely and

slowly. Moreover, alcohol commercials remained unbanned. These policies had different effects on each subgroup.

Rising tobacco prices and deferring alcohol prices may have contributed to the differences in the reduction rates
of the prevalence of alcohol use and smoking, respectively.

Our findings revealed that the trends in alcohol use and smoking differed between the non-smokers’ and smokers’
groups and between the non-drinkers’ and drinkers’ groups. These results may be partly explained by the social
context of those substance users. Some Japanese researchers have reported an association between the social
context and HRBs. For example, the prevalence of lifetime alcohol use and smoking in adolescent youth detention
centres in Japan was found to be much higher than that outside such centres,[21] schools and neighbourhood
contexts were also found to be associated with adolescent drinking,[33] and childhood poverty had a negative
effect on adult HRBs.[37] This study showed different trends in the prevalence of alcohol use and smoking in

each subgroup, i.e., the lifestyle of non-drinkers and non-smokers has become healthier, whereas that of drinkers
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and smokers has not changed despite the decrease in the number of adolescent drinkers and smokers. Additionally,
we observed that there were differences in the trends of the prevalence of alcohol use and the prevalence of
smoking by what their intentions were with regards to pursuing further education: the group that had the highest
academic intention had the highest reduction rate, i.e., students who had higher academic intentions showed a
greater decrease in prevalence compared with those who had lower academic intentions. Students’ choices after
graduating from senior high school influenced their future socioeconomic status and lifestyle. Some researchers
have reported that HRBs, such as alcohol use and smoking, were associated with lower academic
performances.[38, 39] This observation was consistent with our findings, where there were differences in the
trends of prevalence of alcohol use and smoking and reduction rate with the intention to pursue further education.
This implied that adolescents’ HRBs could be a driving factor later in their life. In order to not widen the inequality
gap, these results highlighted the importance of focusing on the high-risk groups that delay the reduction in the
prevalence and develop appropriate strategies to approach or intervene in this group, for example, school-based
interventions.

The strength of our study is that the data were collected from periodical, nationwide large-sample surveys. This
methodology enabled us to minimize any sampling bias.[22] Hence, the results of this study can potentially be
generalised nationwide for Japanese adolescents. However, our study also had several limitations. First, the
sample of the participants was possibly biased, as 30-50% of the sampled schools did not respond to the surveys.
Despite the effort made by the research team, ethical concerns, and inconvenience due to the need for elaborate
explanations may have been reasons for the lower rate of cooperation among schools. Concerning this, the greatest
ethical issue was the requirement to meet the criteria required for ethical approval. However, the characteristics
of the schools that responded did not differ significantly from those of the non-responding schools. Since this
tendency was consistent across the surveys, the trends in this study were interpreted easily. Second, although
student questionnaires were anonymous and the students put them into private envelopes themselves, the
distribution of the forms by class teachers may have influenced the results. Moreover, the explanatory document
given to the class teachers explained that they had to ensure the students’ privacy. Notwithstanding these
limitations, it is important to continue conducting periodic nationwide surveys, even if some methodological

problems exist.

CONCLUSION

Since 1996, the prevalence rates of drinking and smoking among Japanese adolescents have decreased. However,
the trend was different between the non-drinkers’ and drinkers’ groups and the non-smokers’ group and smokers’
groups. In other words, not only does an HRB disparity exist among Japanese adolescents but it may be widening.
The results from the sub-analysis indicated that students who had higher academic intentions presented a greater
reduction in the prevalence of alcohol use and smoking, a trend associated with their future socioeconomic status.
To further improve the status of alcohol use and smoking among adolescents, it is imperative to comprehensively
adapt interventions, enlighten adults and parents, raise the prices of tobacco and alcohol, and regulate sale

promotions. Furthermore, in order to not widen the inequality gap, the results highlight that it is important to focus
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on the high-risk group that delays improvement, consider social contexts, and develop an appropriate strategy to

approach or intervene in this group.
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Figure 1. Prevalence of alcohol use by smoking status and prevalence of smoking by alcohol use among
students (aged 12—18 years) in 1996, 2000, 2004, 2008, 2012, and 2017 by sex
** [colour image] Figurel
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Supplementary Table 1. Sampling of the study-participating schools in 1996, 2000, 2004, 2008, 2012, and 2017

Page 22 of 29

1996 2000 2004 2008 2012 2017
n (%) n (%) n (%) n (%) n (%) n (%)
Junior high school
(A) Number of schools in Japan 11194 11153 11060 10882 10018 10325
(B) Number of schools sampled 122 (1.1) 132 (1.2) 131 (1.2) 130 (1.2) 140 (1.4) 98 (0.9)
(C) Number of schools which took part 80 99 92 92 94 48
Response rate 65.6 75.0 70.2 70.8 67.1 49.0
Senior high school
(D) Number of schools in Japan 5330 5315 5193 5115 4603 4907
(E) Number of schools sampled 109 (2.0) 102 (1.9) 109 (2.1) 110 (2.2) 124 (2.7) 86 (1.8)
(F) Number of schools which took part 73 77 87 80 85 55
Response rate 67.0 75.5 79.8 72.7 68.5 64.0

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

‘saIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

r— S

* (s3gv) Jnauadns juswaublasug

e


http://bmjopen.bmj.com/

Page 23 of 29

oNOYTULT D WN =

BMJ Open

Supplementary Table 2. Prevalence of the amount of alcohol used among alcohol users on drinking day

1996 2000 2004 2008 2012 2017
n=44545 n=39497 n=30233 n=16110 n=12034 n=3584
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl
Less than 2
glasses 42.1 (41.7,42.6) 60.3 (59.9,60.8) 60.9 (60.4,61.5) 61.6 (60.9,62.4) 63.8 (62.9,64.6) 652 (63.6, 66.7)
More than 3
glasses 39.4 (39.0,39.9) 31.3 (30.9,31.8) 322 (31.7,32.7) 313 (30.6,32.0) 30.2 (29.3,31.0)0 27.2 (25.7,28.7)
Until getdrunk  10.6  (10.3, 10.9) 6.8 (6.6,7.1) 5.9 (5.7,6.2) 5.8 (5.4,6.2) 4.4 (4.1,4.8) 5.6 (4.8,6.3)
Cl, confidence interval
Supplementary Table 3. Prevalence of the average number of cigarettes smoked among smokers per day
1996 2000 2004 2008 2012 2017
n=20070 n=16237 n=9614 n=4966 n=2851 n=769
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl
Less than 9
cigarettes 60.2 (59.5,60.9) 740 (73.2,74.5)
More than 10
cigarettes 35.9 (35.2,36.5) 230 (21.9,23.2)
Less than 10
cigarettes 67.4 (66.4,68.3) 67.3 (66.0,68.6) 732 (71.5,748) 69.1 (65.8,72.3)
More than 11
cigarettes 29.3 (28.4,30.2) 284 (27.2,29.7) 231 (21.6,247) 25.0 (21.9,28.0)
Cl, confidence interval
Supplementary Table 4. Prevalence of the number of days alcohol was used in the last 30 days among alcohol users
1996 2000 2004 2008 2012 2017
n=44545 n=39497 n=30233 n=16110 n=12034 n=3584
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl
1-9 days 915 (91.3,91.8) 91.1 (90.9,91.4) 90.1 (89.8,90.5) 89.6 (89.2,90.1) 90.6 (90.1,91.1) 89.3 (88.3,90.3)
10-29 days 7.1 (6.8,7.3) 8.0 (7.7,8.3) 8.7 (8.4,9.0) 8.9 (8.5,9.4) 8.3 (7.8,8.8) 9.1 (8.1,10.0)
every day 1.4 (1.3,1.5) 0.9 (0.8,1.0) 1.2 (1.1,1.3) 1.4 (1.2,1.6) 1.1 (1.0,1.3) 1.6 (1.2,2.0)
Cl, confidence interval
Supplementary Table 5. Prevalence of the number of days of smoking cigarettes in the last 30 days among smokers
1996 2000 2004 2008 2012 2017
n=20070 n=16237 n=9614 n=4966 n=2851 n=769
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl
1-9 days 33.0 (324,337 323 (316,33.00 350 (34.0,359) 384 (37.1,39.8) 380 (36.2,39.7) 47.2 (43.7,50.7)
10-29 days 19.2  (186,19.7) 19.0 (18.4,19.6) 21.0 (20.2,21.9) 20.7 (19.6,21.8) 23.7 (22.2,253) 21.2 (18.3,24.1)
every day 47.8 (47.1,485) 487 (47.9,49.5) 440 (43.0,45.0) 409 (39.5,42.2) 383 (36.5,40.1) 31.6 (28.3,34.9

Cl, confidence interval
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Supplementary Figurel. Flowchart of data collection

(A) Junior high schools (Grade 7 to 9)
(D) Senior high schools (Grade 10 to 12)
across Japan

ﬂ Randomly selected

(B) Junior high schools
(E) Senior high schools
were selected

ﬂ The research office posted the questionnaires

Students answered questionnaires
administered at their schools and put them
into private envelopes themselves

The questionnaire envelopes were collected by class
teachers and returned to the research office

(C) Junior high school
(F) Senior high school
responded

(A) — (F) in Supplementary Figure 1 correspond to (A) — (F) in Supplementary Table 1

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


http://bmjopen.bmj.com/

Page 25 of 29 BMJ Open

Supplementary Figure 2.
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Supplementary File 1. The list of questions from the survey questionnaire

% Students were asked to select one option in each question.

English version
1. Demographic data
(1) Are you male or female?

- ‘Male’ or ‘Female’

(2) What is your grade in school?
‘Grade 1°, ‘Grade 2’°, or ‘Grade 3’

2. Use of Alcohol
(1) How many days have you drunk alcohol in the previous 30 days?
- ‘Oday’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’, ‘10-19 days’, ‘20-29 days’ or ‘every day’

(2) How much have you drunk alcohol on the drinking day?
- ‘No glass’ ‘Less than 1 glass (a little bit)’, 1 glass’, ‘2 glasses’, ‘3-—5 glasses’, ‘More than 6 glasses’, ‘Until get

drunk’

3. Use of cigarettes
(1) How many days have you smoked cigarettes in the previous 30 days?
(In the 2017 survey ‘cigarettes’ was changed to ‘combustible cigarette’)

- ‘0Oday’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’, ‘10-19 days’, ‘20-29 days’ or ‘every day’

(2) How many cigarettes have you smoked cigarettes on average per day in the previous 30 days?
(In the 2017 survey ‘cigarettes’ was changed to ‘combustible cigarette’)
- (1996 and 2000 survey)
‘Have not smoked in previous 30days’, ‘Less than 1 cigarette per day’, ‘1-4 cigarettes’, ‘5-9 cigarettes’, ‘10-14
cigarettes’, ‘15—19 cigarettes’, ‘More than 20 cigarettes’
- (From the 2004 to 2017 survey)
‘Have not smoked in previous 30days’, ‘Less than 1 cigarette per day’, ‘1 cigarette’, ‘2—5 cigarettes’, ‘6—10

cigarettes’, ‘1115 cigarettes’, ‘1620 cigarettes’, ‘More than 21 cigarettes’
4. Intention to pursue future education

(1) What is your intention after graduating from school? Choose the option closest to your current feelings?

- ‘senior high school’, ‘vocational school’, ‘2-year-college’, ‘college’, ‘graduate school’, “start working’, ‘unknown’
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Japanese version

1. dh7zBHEOZELICOVWTHEBLET,

(1) dirizi3BHETTr. ZETT2?H5TREZBFICOEDTTLEI W,
1. B 2. &tk

(2) B0 FRFEETTH?HTREIHFICOE DT TLEI W,
1. 144 2. 284 3. 3%4

2. ZIZabikBHEIcoOWTOERTT,
(1) zo30HEIC, 2L ThBHERALZHIZEHICARY 357

1. 0H 3. 3~5H 5. 10~19 H 7. mH (30 H)
2. 12»2H 4. 6~9H 6. 20~29 H
(2) BHERDLEZXICTIILEDLOVOBEMAB T TH?
1. fREZRW 5. 2y 7I3~5H
2. ay 7 1HEK (3A0b LoR) 6. v 7ic6MLLE
3. ay I 1iF 7. Broosns ¥
4. avy FI2H

3. ZZxbizNaiconwtoERTd,
(1) Zo30HMic, fifH, 2 NazBnwE Lzs?
(2017 FFHED A [£o3a ] % [HEE 2ova ] ICEH)
1. 0H 3. 3~5H 5. 10~19 H 7. wH (30 H)
2. 1»2H 4. 6~9H 6. 20~29 H

(2) Zo30HRIC, THFEEHLEDL LWVOERBD X NaznwE Lzp?
2017 FEHEDO A [2oxa ] % [HEZ 253 | ICEH)

(19964 & 20004 D F %)

1. 2o, ToTwnigwn 4., 5~9K 7. 20400 E
2. 1H1ARICHZ W 5. 10~144

3. 1~4K 6. 15~194

(20044F 2> 5 20174E D F )

1. ZofE, Bo Tz 4. 2~5K 7. 16~20K
2. 1HI1ARICHEZ W 5. 6~10%& 8. 21AKLLE
3. 1A 6. 11~154

4. DO ROEFXHFEICOVWTBHEELET,

(1) PFROERERZ EDXIICEZTVWETI?25DEAFEHICIENH D1 2ICOEDIFTLEI W,

L. W@ 3. BK 5. R¥be 7. bhbin
2. FMER 4. R 6. 5 DFIATERE D
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting

observational studies.
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recruitment, exposure, follow-up, and data collection

Give the eligibility criteria, and the sources and methods of selection of

participants.

Clearly define all outcomes, exposures, predictors, potential

confounders, and effect modifiers. Give diagnostic criteria, if applicable

For each variable of interest give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment
methods if there is more than one group. Give information separately

for for exposed and unexposed groups if applicable.
Describe any efforts to address potential sources of bias
Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen, and why

Describe all statistical methods, including those used to control for

confounding

Describe any methods used to examine subgroups and interactions

Explain how missing data were addressed

If applicable, describe analytical methods taking account of sampling

strategy

Describe any sensitivity analyses

Report numbers of individuals at each stage of study—eg numbers
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included in the study, completing follow-up, and analysed. Give
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Report numbers of outcome events or summary measures. Give

information separately for exposed and unexposed groups if applicable.

Give unadjusted estimates and, if applicable, confounder-adjusted
estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
Report category boundaries when continuous variables were categorized

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period
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ABSTRACT

Objectives: This study aimed to assess trends in the prevalence of alcohol use depending on smoking
behaviours and that of smoking depending on drinking behaviours among Japanese adolescents.

Design: This was a retrospective study using Japanese school-based nationwide surveys conducted between
1996 and 2017.

Setting: Surveyed schools, both junior and senior high schools, considered representative of the entire Japanese
population, were sampled randomly.

Participants: We enrolled 11,584-64,152 students from 179-103 schools yearly. They completed a
self-reported and anonymous questionnaire on smoking and drinking behaviour.

Results: Since 1996, the prevalence of alcohol use and smoking among adolescents decreased in each survey (p
< 0.01). The prevalence of alcohol use in the non-smokers group was 29.0% in 1996 and 4.0% in 2017, and in
the smokers group, it was 73.3% in 1996 and 57.4% in 2017. The reduction rate (the difference in prevalence
between 1996 and 2017 divided by the prevalence in 1996) was 0.86 in the non-smokers group and 0.22 in the
smokers group. The prevalence of smoking in the non-drinkers group was 6.7% in 1996 and 0.7% in 2017,
while that in the drinkers group was 32.5% in 1996 and 18.9% in 2017. The reduction rate was 0.90 in the
non-drinkers group and 0.42 in the drinkers group. Therefore, downward trends differed among the groups. In a
sub-analysis of senior high school students, we divided students into three groups according to their intention to
pursue further education. Between 1996 and 2017, there was a consistent difference in the prevalence of alcohol
use and smoking among these groups.

Conclusions: Alcohol use and smoking among Japanese adolescents seem to have reduced. However, certain
groups showed poor improvements, and health risk behaviour disparity exists, which may widen further. We

need to focus on high-risk groups and implement appropriate measures or interventions accordingly.

STRENGTHS AND LIMITATIONS OF THIS STUDY

*  The data were collected from periodical, nationwide large-sample surveys on Japanese adolescents
between 1996 and 2017, and the study contained a large sample size (n = 11,584-64,152 per year).

e This study focused on the co-use of alcohol and tobacco and analysed respective trends in the sub-groups.

*  Due to ethical concerns and inconvenience, school response rates were not as high as expected; however,
the student response rate was consistent.

¢ Due to the ethical concerns, we did not ask students about their social and economic status and instead,
analysed the trends by the students’ intention to pursue further education.

*  The study used a self-reporting questionnaire; hence, further studies to examine the accuracy of these

findings are required.

Keywords: alcohol use, smoking, adolescents, prevalence, Japan
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INTRODUCTION

Smoking causes approximately eight million deaths worldwide annually, and the harmful use of alcohol results
in approximately three million deaths.[1, 2] Smoking and alcohol consumption usually start during adolescence,
leading to detrimental consequences which include an epidemic of non-communicable diseases in adulthood.
Health risk behaviours (HRBs) are shaped by social, economic, and cultural forces, and are major determinants
of ill health and health-related inequalities through the course of life.[3—5] Therefore, adolescence is the key
period for controlling HRBs. Some studies have identified alcohol consumption, smoking, drug use, and risky
sexual behaviours as risk behaviour clusters,[6-9] and socioeconomic status as a strong predictor of engaging in
multiple-risk behaviours.[10] Since 1996, our research group has been monitoring alcohol use and smoking
among adolescents in Japan. According to previous studies, the prevalence of alcohol use and smoking among
adolescents in Japan has continued to decline and is reported to be lower than that in European countries and the
United States.[11, 12] Researchers have reported differences in the smoking and drinking behaviour depending
on the characteristics of the adolescent group. For instance, socioeconomic backgrounds have a profound effect
on the transition period of non-smokers becoming daily smokers such that poor socio economic backgrounds
caused the shortest transition period of non-smokers becoming smokers in France.[13] Higher educational
aspiration was negatively associated with alcohol use in Finland,[14] and adolescents who were not in school
were inclined to smoke in China.[15] Moreover, Some studies have reported on the positive relation between
alcohol consumption and health inequality, and higher rates of morbidity and mortality among adults with a
lower socioeconomic status. [16—19] In Japan, despite the reduction in alcohol use and smoking among Japanese
adolescents, it has not reached the goal of zero prevalence, as established by the Japanese government.
Furthermore, because health inequalities and social disparities are the current public health issues in Japan,[20]
there may be groups of adolescents among whom smoking and alcohol use has not reduced. Therefore, it is
important to examine whether an HRB disparity exists among Japanese adolescents. Very few studies have
focused on the co-use of alcohol and tobacco and analysed trends in subgroups. Hence, we focused on this gap
in existing research and hypothesised that some groups may have certain characteristics that demonstrate a slow
rate of improvement in reducing alcohol use and smoking. To further lower alcohol use and smoking among
adolescents, it is essential to evaluate these groups and implement relevant interventions. Incidentally, drug use
among adolescents in Japan is not a major problem; the prevalence rate of drug use among teenagers was 0% in
2015.[21] Therefore, the present study aimed to evaluate the nationwide prevalence of smoking and alcohol use,
as these were the two main substance-abuse problems and have been investigated as HRBs among Japanese

adolescents.

METHODS

Study population

This was a cross-sectional random sampling survey that used single-stage cluster sampling.[22] The sampling
was performed by dividing Japan into regional blocks and randomly selecting schools from each block. Using

the national school directory, junior high schools and senior high schools throughout Japan were randomly

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

Page 4 of 29

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

r—


http://bmjopen.bmj.com/

Page 5 of 29

oNOYTULT D WN =

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

BMJ Open

extracted, and all students enrolled in the sampled schools were participants of the study. The number, selection
rate, and response rate of the schools in each survey are shown in Supplementary Table 1. The response rates of
schools ranged between 49.0% and 79.8%.

To test our hypothesis, the research population was divided into the following subgroups: smokers
group/non-smokers group, drinkers group/non-drinkers group, and their intention to pursue further education
fell under four categories: (1) senior high school graduation, (2) junior college (2-year college/vocational
school), (3) college or higher educational degree (4- or 6-year college/graduate school), and (4) unknown. Next,

trends in the prevalence of alcohol use and smoking in each group were examined.

Data collection

This study was approved by the Ethics Review Committee of Tottori University School of Medicine.
Supplementary Figure 1 shows the flowchart of data collection in the study. We obtained the cooperation of the
principals of all the schools and sent the survey forms to all the students. The teachers encouraged the students
to respond voluntarily and honestly. The students were given anonymised questionnaires and envelopes. The
completed questionnaires were placed in envelopes and sealed by the students themselves, and these envelopes

were collected by the teachers and returned to our institute.

Patient and Public Involvement

No patients were involved in this study.

Measures

Alcohol use and smoking

Drinkers and smokers were defined as those who had consumed alcohol or smoked at least once during the past
30 days. The questionnaire focused on the students’ experiences, frequency of alcohol use (‘How many days in
the past 30 days have you had alcohol?”) and smoking (‘How many days in the past 30 days have you smoked
cigarettes?’), amount of alcohol use (‘How much alcohol have you had on a drinking day?’) and smoking (‘How
many cigarettes on average per day have you smoked in the past 30 days?’).

To assess the frequency of alcohol use, seven options were provided: ‘0 days’, ‘1-2 days’, ‘3-5 days’, ‘6-9
days’, ‘10-19 days’, ‘2029 days’, or ‘Every day’. To assess the amount of alcohol use, seven options were
provided: ‘No glass’, ‘Less than 1 glass (a little bit)’, ‘1 glass’, ‘2 glasses’, ‘3—5 glasses’, ‘More than 6 glasses’,
or ‘Until I got drunk’.

In the 1996 and 2000 surveys, to assess smoking, seven options were provided: ‘Have not smoked in past 30
days’, ‘Less than 1 cigarette per day’, ‘1-4 cigarettes’, ‘5-9 cigarettes’, ‘10—14 cigarettes’, ‘1519 cigarettes’, or
‘More than 20 cigarettes’; in the 2004 to 2017 surveys, eight options were provided: ‘Have not smoked in past
30 days’, ‘Less than 1 cigarette per day’, ‘1 cigarette’, ‘2—5 cigarettes’, ‘6—10 cigarettes’, ‘1115 cigarettes’,
‘1620 cigarettes’ or ‘More than 21 cigarettes’ (Supplementary File 1). It was only in the 2017 survey when the
questions on cigarettes were divided into three categories: combustible cigarette, heat-not-burn tobacco, and

electronic cigarettes. Thus, in the 2017 survey, this analysis regarded combustible cigarette users as smokers.
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Intention to pursue further education

We assessed the intention to pursue further education after graduating from school (‘What is your intention after
graduating from school? Choose the option closest to your current feelings.”). Seven options were provided:
‘senior high school’, ‘vocational school’, ‘2-year-college’, ‘college’, ‘graduate school’, ‘started working’, and

‘unknown’.

Data analysis

The proportions and 95% confidence intervals (CI) presented in the Tables were calculated using a weighting
method and based on one-stage stratified cluster sampling.[22] The proportions were adjusted for grade and sex
using the number of junior high and senior high school students nationwide as a standard population, from the
School Basic Survey conducted by the Ministry of Education, Science and Technology (2017). A
Cochran-Armitage trend test was performed to clarify the linear trend in prevalence by year. A p-value < 0.05
was considered statistically significant. All statistical analyses were performed using JMP Pro version 13 for
Windows (SAS Institute Inc., Cary, NC, USA). Data of the participants that did not include information on sex,
grade, or age were regarded as discrepant data and excluded from the analysis. To measure the rate of change in
the prevalence, we calculated the reduction rate using the following formula: reduction rate = (Prevalence in

1996 - Prevalence in 2017) / Prevalence in 1996.

RESULTS
The differences in the baseline characteristics of participating schools, students (sex and grade), alcohol use in
the past 30 days, and smoking in the past 30 days are presented in Table 1. Between 1996 and 2017, the

prevalence of alcohol use and smoking steadily decreased.
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170
171  Table 1. Characteristics of the study participants in 1996, 2000, 2004, 2008, 2012, and 2017
Year 1996 2000 2004 2008 2012 2017
Number of participants (n=115,814) (n=106,297) (n=102,451) (n = 95,680) (n = 100,050) (n=64,152)
n (%) n (%) n (%) n (%) n (%) n (%)
Sex
Boys 57,116 (49.3) 54,576  (51.3) 55998 (54.7) 48,525 (50.7) 51,587 (51.6) 34,582 (53.9)
Girls 58,698  (50.7) 51,721 (48.7) 46453 (453) 47,155 (49.3) 48,463 (484) 29,570  (46.1)
School grade
Junior high school (12-15 y/o)
Grade 7 14369 (12.4) 15372 (145) 13,146 (12.8) 13302 (13.9) 13405 (13.4) 7384  (11.5)
Grade 8 14,118  (122) 15916 (15.0) 13,079 (12.8) 13,649 (143) 12,884 (129) 7329 (11.4)
Grade 9 14311 (12.4) 15958 (15.0) 13,160 (12.8) 12925 (13.5) 12205 (122) 7415 (11.6)
Unknown 0 (0.0) 0 (0.0) 0 0.0) 275 (03) 0 (0.0) 87 (0.1)
Senior high school (15-18 y/0)
Grade 10 24,696 (21.3) 21,142 (19.9) 21,815 (21.3) 20,157 (21.1) 21480 (21.5) 14201 (22.1)
Grade 11 25416 (21.9) 19,600 (18.4) 21,530 (21.0) 18,328 (19.2) 20,026 (20.0) 14212 (22.2)
Grade 12 22,904 (19.8) 18309 (17.2) 19721 (192) 16785 (17.5) 20,050 (20.0) 13,404 (20.9)
Unknown 0 (0.0) 0 (0.0) 0 0.0) 259  (03) 0 (0.0) 120 (0.2)
Alcohol use/smoking in the past 30 days
Alcohol use 44,545 (38.7) 39497 (374) 30233 (29.7) 16110 (169) 12,034 (12.1) 3,584  (5.6)
Smoking 20,070 (17.9) 16237 (157) 9614 (9.5 4966  (52) 2851 (29) 1,183  (L.8)
172 y/o: years old
173
174 Supplementary Figure 2 and 3 shows the change in prevalence of alcohol use from 1996 to 2012 between the
175 7th and 11th grades and between the 8th and 12th grades in every four-year survey and between the 7th grade in
176 2012 and the 12th grade in 2017. Supplementary Figure 4 and 5 show the change in smoking prevalence in the
177 same groups described in Supplementary Figure 2 and 3. Both, the prevalence of alcohol use and that of
178  smoking among the same grade, showed a reduction over time.
179
180 Table 2 shows the prevalence rates for alcohol use only, smoking only, no-use, and co-use in the past 30 days
181 between 1996 and 2017. In each survey, the prevalence of co-use among boys was higher than among girls,
182 while a significant decrease was observed in each survey among both boys and girls (p < 0.01). Accordingly, in
183 each survey, the prevalence of no-use among girls was higher than that among boys and was significantly
184 increased in each survey among both boys and girls (p < 0.01). In 2017, almost all the participants recorded
185  no-use (boys 93.3%, 95% CI: 93.5-93.0; girls 95.0%, 95% CI: 95.2-94.8). The prevalence of smoking only
186 among boys was higher than that among girls, and it decreased in each survey among both boys and girls (p <
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1
2
2 187 0.01). Conversely, between 1996 and 2012, the prevalence of alcohol use only among girls was higher than that
5 188  among boys, while in 2017, it was lower than that among boys.
6 -
7 189
8 190 Table 2. Prevalence of alcohol use and/or smoking among Japanese adolescents (aged 12-18 years) between
2 191 1996 and 2017 by sex :
Mear 1996 2000 2004 2008 2012 2017
12
13 % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI p-value®
14
14 -—
15 No use® 503 (50.9,49.7) 54.7 (55.3,54.1) 664 (66.9,659) 80.4 (80.8,80.0) 869 (87.2,86.6) 93.3 (93.5,93.0) <0018
16 3
17 Alcoholuseonly® 239 (24.2,23.6) 242 (24.6,239) 21.5 (21.8,21.3) 127 (128,125) 92  (93,9.0) 5.1  (53,5.0) <0.01%
Tiys g -
19 Smoking only® 6.9 (71,68 58 (60,57 32 (33,3.1) 23 (24,22) 13 (14,13) 05  (05,0.5) <0.01g -
20 g |
1 Co-use® 18.9 (19.5,183) 153 (15.7,148) 89  (9.1,8.6) 47 (49,45 26 (27,25 11 (12,10 <0.0lg
3 = {
22 —
23 No use® 632 (63.6,62.8) 62.8 (63.3,62.4) 703 (70.7,69.8) 82.8 (83.1,82.4) 873 (87.5,87.0) 95.0 (95.2,94.8) <0.015
24 c
25 Alcohol use only® 267 (25.2,25.3) 272 (275,26.8) 233 (23.7,23.0) 138 (14.1,13.6) 11.0 (11.2,108) 43  (4.4,4.1) <0.01§ |
Xgirls «_:h
27 Smoking only® 23 (23,22) 23 (24,22) 15 (1514 09  (09,08) 04  (04,03) 02  (0.2,0.1) <0012
28 @ m
29  Co-use 78  (8.0,7.6) 7.7 (719,75 51  (5.1,48) 25  (2.6,24) 14 (14,13) 06  (0.6,0.5) <0010 &
22
50U il
31 No use® 56.8 (57.3,56.3) 58.6 (59.1,58.2) 68.1 (68.6,67.7) 81.6 (81.9,81.2) 87.1 (87.3,86.8) 94.1 (94.3,93.9) <o.01% cg |
S
32 =@
33 Alcohol use only® 253 (25.5,25.1) 25.6 (25.9,254) 224 (22.6,22.1) 132 (134,13.0) 10.1 (102,9.9) 47  (4.9,4.6) <0012 2 |
Fpth 22
35 Smoking only® 46  (47,44) 41  (42,40) 24 (2523) 16 (16,15 09 (09,08 03  (0.4,03) <0.018 @
36 o2
37 Co-use® 133 (13.7,129) 116 (11.9,113) 7.1  (73,69) 36 (38,35 20 (21,19 09  (0.9,0.8) <0.01§$;
o
gg 192 CI, confidence interval g@_
40 193 2 based on the Cochran-Armitage trend test &g o
>
41 194  bin the past 30 days =
42 S
43 195 S
jg 196 Supplementary Tables 2 and 3 show the prevalence of the amount of alcohol used among drinkers on a drinking 2
=} \
46 197 day in three groups: ‘less than 2 glasses’, ‘more than 3 glasses’, and ‘until I got drunk’, and the prevalence of 3 |
2273 198 the average number of cigarettes smoked among smokers per day in two groups: ‘less than 9(10) cigarettes’ and 3
Q
49 199 ‘more than 10(11) cigarettes’. Between 1996 and 2017, the prevalence of ‘less than 2 glasses’ among drinkers =
o) {
?1) 200 tended to increase in every survey. Between 2004 and 2017, the prevalence of ‘more than 11 cigarettes’ smokers g |
52 201 did not increase considerably. Supplementary Tables 4 and 5 show the prevalence of the number of days alcohol g :
o) \
gi 202 was used in the past 30 days among drinkers in three groups: ‘1-9 days’, ‘10-29 days’, and ‘every day’, and the L
55 203 prevalence of the number of days when cigarettes were smoked in the past 30 days among smokers in three ¢
g? 204 groups: ‘1-9 days’, ‘10-29 days’, and ‘every day’. For drinkers, it did not change considerably, while among
58 205  smokers, the number of every day smokers tended to decrease.
59 |
206 ¢
60
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Table 3 and Figure 1 show the prevalence of alcohol use among the non-smokers and smokers groups, and the
prevalence of smoking among the non-drinkers and drinkers groups, adjusted for grade and sex. The prevalence
of alcohol use in the non-smokers group was lower than that in the smokers group in each survey. In the
non-smokers group, the prevalence rates did not change between the surveys of 1996 and 2000. However, in the
surveys from 2004 to 2017, it decreased in each survey among both boys and girls. Conversely, it increased
between 1996 and 2004 in the smokers group and subsequently decreased between 2004 and 2008 among both
boys and girls. Among boys, it decreased in 2017, whereas among girls, it increased in 2012 and decreased in
2017. The reduction rates in the smokers group were lower than that in the non-smokers group; the reduction
rate among girls in the smokers group was 0.19, which was the lowest. Similarly, the prevalence of smoking
was lower in the non-drinkers group than in the drinkers group. In the non-drinkers group, the prevalence of
smoking decreased between 1996 and 2000 among boys, whereas it increased among girls. Between 2000 and
2017, it halved in each survey among both boys and girls. However, in the drinkers group, it decreased between
1996 and 2000 among boys, whereas it did not change among girls. Between 2000 and 2012, it decreased, and
between 2012 and 2017, it increased slightly among boys and girls. Moreover, the reduction rates in the drinkers

group were lower than that in the non-drinkers group.
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223 Table 3. Prevalence of alcohol use depending on smoking, and prevalence of smoking depending on alcohol use amgng §apanese adolescents (aged 12-18 years)
224  between 1996 and 2017 by sex 3 S
o
Year 1996 2000 2004 2008 2012 E 2017
ST Reduction rate ®
%? 95% CI % 95% CI % 95% CI %@ 95% CI %? @ﬁo%ﬁl % 95% CI
D N
Non-smokers 304 (303,305 301 (30.1,302) 23.0 (229,23.0) 127 (12.7,12.8) 9.0 D8 QY 43 (4.3,43) 0.86
Boys g CBD [
Smokers 72.0 (71.9,72.1) 72.0 (71.9,72.1) 72.5 (72.4,72.7) 66.3 (66.1, 66.5) 64.8 ((634.%, g.O) 55.3 (54.9,55.7) 0.23
Alcohol use =
Non-smokers 278 (27.7,27.8) 291  (29.1,29.2) 237  (23.7,23.8) 13.8  (13.8,13.8) 107 @&3 ga.S) 3.7 (3.7,3.8) 0.87
inthe past  Girls ) -8 g2
Smokers 76.7 (76.5,76.9) 76.3 (76.2,76.5) 77.0 (76.8,77.2) 73.7 (73.5, 74.0) 79.5 (%)g; g.9) 62.0 (61.5, 62.5) 0.19
30 days o
o~ =
Non-smokers 290  (29.0,29.0) 296  (29.6,29.6) 234  (233,234) 133  (132,133) 9.9 B 29) 4.0 (4.0,4.0) 0.86
Both g % =
Smokers 33 (BBL734) T3 (T3L734) T4l (740,742) 687 (686,689 692 @AD4) 574 (11577 0.22
>
Q=
Non-drinkers 106 (10.6,10.7) 9.2 9.1,9.2) 4.0 (4.0,4.1) 2.5 (2.5,2.5) 14 {4, E5) 1.0 (1.0, 1.0) 0.91
Boys o =
= o
Drinkers 41.2 (41.1,41.3) 37.6 (37.5,37.7) 27.1 (27.0,27.2) 25.8 (25.7,25.9) 21.3 (@_.2,‘%1 .5) 22.1 (21.9,22.3) 0.46
Smoking in =S
Non-drinkers 3.1 (3.1,3.1) 34 (3.3,3.4) 1.9 (1.8,1.9) 1.0 (1.0, 1.0) 04 D4, 20 0.4 (0.4,0.4) 0.87
the past 30  Girls » =
Drinkers 214 (213,215 214 (213,215) 170  (169,17.1) 151 (150,152) 112 (B.1,83) 148  (14.6,15.0) 0.31
days n—73
Non-drinkers 6.7 6.7,6.7) 6.2 6.2,6.2) 3.0 (2.9, 3.0) 1.8 (1.8,1.8) 0.9 8.9, &9) 0.7 0.7,0.7) 0.90
Both &T <
Drinkers 325 (32.4,32.5) 30.2 (30.1,30.2) 222 (22.2,22.3) 20.6 (20.5,20.7) 16.2 (g-Dé.l, g&) 18.9 (18.8,19.0) 0.42
225 CI, confidence interval g =
. o N
226 2 adjusted for grade and sex S QS
D (&)
227 b reduction rate = (Prevalence in 1996 - Prevalence in 2017) / Prevalence in 1996 O}
>
«Q
[¢]
>
o
(0]
@
=)
=
Q
Q
©
=.
Qo
c
(0]
Q.
(0]
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Table 4 shows the prevalence of alcohol use and smoking among senior high school students (aged 15-18 years)
by the intention to pursue further education, adjusted for grade and sex. The prevalence of alcohol use decreased
in each survey among the three groups, except for the junior college degree group between 1996 and 2000. The
prevalence of smoking decreased in each survey among the three groups, except for the high school graduation
group and college or the higher education degree group between 1996 and 2000. Both the prevalence of alcohol
use and smoking in the college or higher educational degree groups were the lowest in each survey, with the

reduction rate being the highest among the three groups.
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Table 4. Prevalence of alcohol use and smoking among Japanese senior high school students (aged 15-18 years) betwgt_en @96 and 2017 by the intention to pursue
. S5 o
further education e 3
o=
Year 1996 2000 2004 2008 2012 > 2017
c < .
ZRLIE=: Reduction rate ®
%@ 95%CI %o 95%CI %2 95%CI %o 95%CI %o Bl % 95%CI
m —+
D N
Alcohol use in the past 30 days §‘(§D §
@ Bt
High school graduation 527 (52.6,52.9) 531  (52.9,532) 437  (43.6,439) 292  (29.0,29.3) 19.9 (&.g 20.0) 94  (94,9.5) 0.82
[e=Ne]
Junior college degree 46.7  (46.6,46.8) 47.1 (47.0,472) 428 (42.6,429) 288  (28.7,29.0) 21.6 @ & é I 98  (9.7,9.8) 0.79
- ©
College or higher educational degree 18.0 (17.9, 18.1) 16.6  (16.5,16.6) 10.1 (10.1,10.2) 5.7 (5.7,5.8) 32 2 EZ) 1.8 (1.8,1.8) 0.90
58
Smoking in the past 30 days ==
’); o
High school graduation 368  (36.7,36.9) 377 (37.5,37.8) 237 (23.6,23.8) 155 (154,157) 76 8 B6) 40 (39,40 0.89
%)
Junior college degree 23.4 (23.3,23.5) 22.6 (22.5,22.7) 15.3 (15.2,15.4) 10.2 (10.1, 10.3) 5.0 ‘9‘,’ ) 3.0 (3.0,3.1) 0.87
College or higher educational degree 13.1 (13.0, 13.2) 14.6  (14.6,14.7) 6.7 (6.6, 6.7) 3.1 (3.1,3.1) 1.4 3, B4) 1.0 (1.0, 1.0) 0.92

CI, confidence interval

2 adjusted for grade and sex

b reduction rate = (Prevalence in 1996 - Prevalence in 2017) / Prevalence in 1996.
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DISCUSSION

In this study, we found a decrease in the prevalence of alcohol use and smoking among the representative
sample groups of Japanese adolescents between 1996 and 2017. Moreover, this prevalence decreased to levels
lower than those in the European countries[23] and the United States.[24] Japan and other countries have shown
a declining trend in alcohol and tobacco use,[23-26] which may have been due to the influence of the
devaluation of alcohol and tobacco, as well as socio-economic changes. In terms of alcohol, reports have
indicated that the global reduction in drinking habits in youth may have been due to a change in the societal and
economic devaluation of alcohol.[27-29] Tobacco control activity may have influenced those smokers who
found it easier to quit, while the remaining smokers were those who were less likely to stop smoking.[30,31]
However, according to the results of this study, the prevalence of frequent users of alcohol and tobacco did not
show an increase. The prevalence of alcohol use and smoking among Japanese adolescents seems to have
improved, even if the goal of zero prevalence established by the Japanese government has not been reached. In
this study, we hypothesised that some groups may have certain characteristics that demonstrate a slow rate of
improvement in reducing alcohol use and smoking. To this end, we compared the trend of alcohol use by
dividing the students into two groups: smokers and non-smokers, and similarly, the trend of smoking by creating
two groups: drinkers and non-drinkers. Between 1996 and 2017, the prevalence of alcohol use in the smokers
group was consistently higher than that in the non-smokers group, and the reduction rate in the smokers group
was lower than that in the non-smokers group. In other words, the prevalence of alcohol use among smokers
decreased at a rate slower than that among non-smokers. Further, we compared the trend of smoking between
the non-drinkers and drinkers groups and examined the overall trend in the prevalence of smoking. Between
1996 and 2017, the prevalence of smoking in the drinkers group was consistently higher than that in the
non-drinkers group, and the reduction rate in the drinkers group was lower than that in the non-drinkers group.
In other words, the prevalence of smoking in the drinkers group decreased at a rate slower than that in the
non-drinkers group. These findings suggest that not only does an HRB disparity exist among Japanese
adolescents, but also that it may be widening.

The trends in alcohol and tobacco use among the adults around adolescents may explain our results. Adolescent
smoking behaviour is influenced by their parents, older brothers, older sisters, and friends.[32] In terms of their
friends, the school environment influenced their alcohol use and smoking behaviour.[33,34] Of the 153 schools
that participated in the 1996 survey, the prevalence of alcohol use in every participating school ranged from
12.1% to 76.0%, and that of smoking from 0.7% to 50.5%. All the participating schools had at least one student
who drank alcohol and smoked tobacco. Of the 103 schools that participated in the 2017 survey, the prevalence
of alcohol use in every participating school ranged from 0% to 13.8% and that of smoking from 0% to 8.8%.
There were two schools (1.9%) where no student used alcohol in the past 30 days and 17 schools (16.5%) where
no student smoked tobacco in the past 30 days. Although the differences in prevalence between schools were
reducing, they still existed. Adolescent drinking and smoking prevention efforts should include enhancing the
collective efficacy of schools. In terms of their families, boys are influenced by their fathers and girls by their
mothers.[11] In Japan, the prevalence of smoking among adults was shown to have decreased annually among

both men and women,[35] which may have affected the change in smoking behaviour among adolescents.
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Adolescents’ drinking behaviours are also related to their family and friends. In particular, an adolescent’s
drinking behaviour is more influenced by their mother’s alcohol consumption pattern than those of other family
members.[12] In Japan, the prevalence of alcohol consumption among men has not increased significantly,
whereas it has grown among women.[35] This behaviour among women may affect their children’s adolescent
drinking behaviour. The prevalence of alcohol use among girls in the smokers group was consistently higher
than that among boys in the same group, and the reduction rate was the lowest. A probable reason for these
trends is that the prevalence of alcohol use in the parents’ generation, especially in women, did not decrease,
unlike that of smoking. Further, girls were influenced considerably by their mothers.

Additionally, the reduction rate in the prevalence of smoking in the drinkers and non-drinkers groups was higher
than that of alcohol use in the smokers and non-smokers groups. This may have been the result of the different
political measures instituted against tobacco and alcohol use in Japan. Since the implementation of the tobacco
tax in the country, tobacco and consumer taxes have increased several times. For example, the price of a pack of
20 of the most popular cigarette brands was 240 yen (equivalent to 2 USD) in 1996. This increased to 250 yen
(4% increase), 270 yen (8% increase), 300 yen (11% increase), 410 yen (37% increase), and 420 yen (2%
increase) in 1998, 2003, 2006, 2010, and 2014, respectively. Moreover, self-regulation of the tobacco industry
from 1998 resulted in the regulation of tobacco commercials. An increase in the price of cigarettes and the
regulation of tobacco commercials may, thus, have contributed to the decrease in the rate of smoking among
adolescents. However, the prevalence of smoking among drinkers increased between 2012 and 2017. Further,
the alcohol tax varied according to the type of alcohol; the tax on beer was stable between 1996 and 2017. Thus,
the price of alcohol increased by only 2—3% because of the consumer tax; the cheapest beer or alcopop was sold
for less than 1 USD. Before 2000, students could buy alcohol from supermarkets, convenience stores, and
vending machines. In 2000, Japan enacted a revision of the Act to Prohibit Minors from using alcohol with a
reinforcement of penalty for selling alcoholic beverages to minors. The law was revised again in 2001 to
reinforce age confirmation by liquor distributors. After 2000, the number of alcohol vending machines also
decreased due to the self-regulation of the alcohol industry.[36] Therefore, the decrease in the prevalence of
alcohol use among adolescents since 2000 may be attributed to the aforementioned policy. However, from 2004,
a bigger decrease was shown among both the smokers and non-smokers groups, suggesting that although
alcohol policies were changed in 2000, their effect was delayed as the policies were spread widely and slowly.
Moreover, alcohol commercials remained unbanned. These policies had different effects on each subgroup.
Increasing tobacco prices and deferring alcohol prices may have contributed to the differences in the reduction
rates of the prevalence of alcohol use and smoking, respectively.

Our findings revealed that the trends in alcohol use and smoking differed between the non-smokers and smokers
groups and between the non-drinkers and drinkers groups. These results can be partly explained by the social
context of those substance users. Some Japanese researchers have reported an association between the social
context and HRBs. For example, the prevalence of lifetime alcohol use and smoking was found to be much
higher in adolescent youth detention centres in Japan than that outside such centres,[21] schools and
neighbourhood contexts were also found to be associated with adolescent drinking,[33] and childhood poverty

had a negative effect on adult HRBs.[37] The present study showed different trends in the prevalence of alcohol
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use and smoking in each subgroup, that is, the lifestyle of non-drinkers and non-smokers has become healthier,
whereas that of drinkers and smokers has not changed, despite the decrease in the number of adolescent drinkers
and smokers. Additionally, we observed that there were differences in the trends of the prevalence of alcohol
use and that of smoking depending on the intentions of pursuing further education: the group that had the
highest intention to pursue further academic studies had the greatest reduction rate; that is, students who had
higher academic intentions showed a greater decrease in prevalence than those who had lower academic
intentions. Student choices after graduating from senior high school influenced their future socioeconomic status
and lifestyle. Some researchers have reported that HRBs, such as alcohol use and smoking, were associated with
lower academic performance.[38, 39] This observation was consistent with our findings, where there were
differences in the trends of prevalence of alcohol use, that of smoking and reduction rate depending on the
intention to pursue further education. This implied that adolescent HRBs could be a driving factor in their life in
the future. In the context of not widening the inequality gap, these results highlighted the importance of focusing
on the high-risk groups that delay the reduction in the prevalence and develop appropriate strategies to intervene
in such groups; for example, school-based interventions.

The strength of our study is that the data were collected from periodical, nationwide large-sample surveys. This
methodology enabled us to minimize any sampling bias.[22] Hence, the results of this study can potentially be
generalised nationwide for Japanese adolescents. However, our study also had several limitations. First, the
sample of the participants was possibly biased, since 30-50% of the sampled schools did not respond to the
surveys. Despite the efforts made by the research team, ethical concerns, and inconvenience due to the need for
elaborate explanations may have resulted in the lower rate of cooperation among schools. Specifically, the most
pertinent ethical issue was the requirement to meet the criteria required for ethical approval. However, the
characteristics of the schools that responded did not differ significantly from those of the non-responding
schools. Since this tendency was consistent across the surveys, the trends in this study were interpreted easily.
Second, although student questionnaires were anonymous and the students put them into private envelopes
themselves, the distribution of the forms by class teachers may have influenced the results. Additionally, the
explanatory document given to the class teachers explained that they had to ensure the students’ privacy.
Notwithstanding these limitations, it is important to continue conducting periodic nationwide surveys, even if

some methodological problems persist.

CONCLUSION

Since 1996, the prevalence rates of drinking and smoking among Japanese adolescents have decreased.
However, the trends were different between the non-drinkers and drinkers groups, and the non-smokers and
smokers groups. In other words, not only does an HRB disparity exist among Japanese adolescents, but it may
be widening. The results from the sub-analysis indicated that students who had higher academic intentions
presented a greater reduction in the prevalence of alcohol use and smoking, a trend associated with their future
socioeconomic status. To further decrease the prevalence of alcohol use and smoking among adolescents, it is

imperative to comprehensively adapt interventions, enlighten adults and parents, raise the prices of tobacco and
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alcohol, and regulate sale promotions. Furthermore, to not widen the inequality gap further, the results suggest
that it is important to focus on the high-risk group that delays improvement, consider social contexts, and

develop an appropriate strategy to approach or intervene in this group.
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FIGURE LEGENDS

Figure 1. Prevalence of alcohol use depending on smoking and prevalence of smoking depending on alcohol use
among Japanese adolescents (aged 12-18 years) between 1996 and 2017 by sex
** [colour image] Figure 1
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Supplementary Figurel. Flowchart of data collection

(A) Junior high schools (Grade 7 to 9)
(D) Senior high schools (Grade 10 to 12)
across Japan

@ Randomly selected

(B) Junior high schools
(E) Senior high schools
were selected

@ The research office posted the questionnaires

administered at their schools and placed

Students answered questionnaires
them in private envelopes

The questionnaire envelopes were collected by class
teachers and returned to the research office

(F) Senior high school

(C) Junior high school
responded

(A) — (F) in Supplementary Figure 1 correspond to (A) — (F) in Supplementary Table 1
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Supplementary Figure 3.
Prevalence of alcohol use between the 8t grade and 12t
grade in every four-year survey; and between the 7t
grade in 2012 and the 12t grade in 2017
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Supplementary Figure 5.

Prevalence of smoking between the 8t grade and
12t grade in every four-year survey; and between the
7t grade in 2012 and the 12t grade in 2017
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Supplementary File 1. The list of questions from the survey questionnaire

% Students were asked to select one option in each question.

English version
1. Demographic data
(1) Are you male or female?

- ‘Male’ or ‘Female’

(2) What is your grade in school?
‘Grade 1°, ‘Grade 2’°, or ‘Grade 3’

2. Use of Alcohol
(1) How many days in the past 30 days have you had alcohol?
- ‘Oday’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’, ‘10-19 days’, ‘20-29 days’ or ‘Every day’

(2) How much alcohol have you had on a drinking day?
- ‘No glass’ ‘Less than 1 glass (a little bit)’, 1 glass’, ‘2 glasses’, ‘3-—5 glasses’, ‘More than 6 glasses’, ‘Until get

drunk’

3. Use of cigarettes
(1) How many days in the past 30 days have you smoked cigarettes?
(In the 2017 survey ‘cigarettes’ was changed to ‘combustible cigarette’)

- ‘Oday’, ‘1-2 days’, ‘3-5 days’, ‘6-9 days’, ‘10-19 days’, ‘20-29 days’ or ‘Every day’

(2) How many cigarettes on average per day have you smoked in the past 30 days?
(In the 2017 survey ‘cigarettes’ was changed to ‘combustible cigarette’)
- (1996 and 2000 survey)
‘Have not smoked in the past 30 days’, ‘Less than 1 cigarette per day’, ‘1-4 cigarettes’, ‘59 cigarettes’, ‘10-14
cigarettes’, ‘15—19 cigarettes’, ‘More than 20 cigarettes’
- (From the 2004 to 2017 survey)
‘Have not smoked in the past 30 days’, ‘Less than 1 cigarette per day’, ‘1 cigarette’, ‘2-5 cigarettes’, ‘6—10

cigarettes’, ‘1115 cigarettes’, ‘1620 cigarettes’, ‘More than 21 cigarettes’
4. Intention to pursue future education

(1) What is your intention after graduating from school? Choose the option closest to your current feelings.

- ‘senior high school’, ‘vocational school’, ‘2-year-college’, ‘college’, ‘graduate school’, “start working’, ‘unknown’
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Japanese version

1. dh7zBHEOZELICOVWTHEBLET,

(1) dirizi3BHETTr. ZETT2?H5TREZBFICOEDTTLEI W,
1. B 2. &tk

(2) B0 FRFEETTH?HTREIHFICOE DT TLEI W,
1. 144 2. 284 3. 3%4

2. ZIZabikBHEIcoOWTOERTT,
(1) zo30HEIC, 2L ThBHERALZHIZEHICARY 357

1. 0H 3. 3~5H 5. 10~19 H 7. mH (30 H)
2. 12»2H 4. 6~9H 6. 20~29 H
(2) BHERDLEZXICTIILEDLOVOBEMAB T TH?
1. fREZRW 5. 2y 7I3~5H
2. ay 7 1HEK (3A0b LoR) 6. v 7ic6MLLE
3. ay I 1iF 7. Broosns ¥
4. avy FI2H

3. ZZxbizNaiconwtoERTd,
(1) Zo30HMic, fifH, 2 NazBnwE Lzs?
(2017 FFHED A [£o3a ] % [HEE 2ova ] ICEH)
1. 0H 3. 3~5H 5. 10~19 H 7. wH (30 H)
2. 1»2H 4. 6~9H 6. 20~29 H

(2) Zo30HRIC, THFEEHLEDL LWVOERBD X NaznwE Lzp?
2017 FEHEDO A [2oxa ] % [HEZ 253 | ICEH)

(19964 & 20004 D F %)

1. 2o, ToTwnigwn 4., 5~9K 7. 20400 E
2. 1H1ARICHZ W 5. 10~144

3. 1~4K 6. 15~194

(20044F 2> 5 20174E D F )

1. ZofE, Bo Tz 4. 2~5K 7. 16~20K
2. 1HI1ARICHEZ W 5. 6~10%& 8. 21AKLLE
3. 1A 6. 11~154

4. DO ROEFXHFEICOVWTBHEELET,

(1) PFROERERZ EDXIICEZTVWETI?25DEAFEHICIENH D1 2ICOEDIFTLEI W,

L. W@ 3. BK 5. R¥be 7. bhbin
2. FMER 4. R 6. 5 DFIATERE D
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Supplementary Table 1. Sampling of the study-participating schools in 1996, 2000, 2004, 2008, 2012, and 2017

Page 26 of 29

1996 2000 2004 2008 2012 2017
n (%) n (%) n (%) n (%) n (%) n (%)
Junior high school
(A) Number of schools in Japan 11,194 11,153 11,060 10,882 10,018 10,325
(B) Number of schools sampled 122 (1.1) 132 (1.2) 131 (1.2) 130 (1.2) 140 (1.4) 98 (0.9)
(C) Number of schools which took part 80 99 92 92 94 48
Response rate 65.6 75.0 70.2 70.8 67.1 49.0
Senior high school
(D) Number of schools in Japan 5,330 5,315 5,193 5,115 4,603 4,907
(E) Number of schools sampled 109 (2.0) 102 (1.9) 109 (2.1) 110 (2.2) 124 (2.7) 86 (1.8)
(F) Number of schools which took part 73 77 87 80 85 55
Response rate 67.0 75.5 79.8 72.7 68.5 64.0
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Supplementary Table 2. Prevalence of the amount of alcohol use per day among drinkers on a drinking day

Year 1996 2000 2004 2008 2012 2017
Number of
n = 44,545 n = 39,497 n = 30,233 n=16,110 n=12,034 n = 3,584
drinkers
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl
Less than 2
| 421 (41.7,42.6) 603 (59.9,60.8) 609 (60.4,61.5) 616 (60.9,62.4) 638 (62.9,64.6) 652 (63.6,66.7)
glasses
More than 3
| 39.4 (39.0,39.9) 313 (30.9,31.8) 322 (31.7,32.7) 313 (30.6,32.0) 30.2 (29.3,31.0) 27.2 (25.7,28.7)
glasses
Until | gotdrunk 10.6  (10.3,10.9) 6.8 (6.6,7.1) 5.9 (5.7,6.2) 5.8 (5.4,6.2) 4.4 (4.1,4.8) 5.6 (4.8,6.3)
Cl, confidence interval
Supplementary Table 3. Prevalence of the average number of cigarettes smoked among smokers per day
Year 1996 2000 2004 2008 2012 2017
Number of
n =20,070 n=16,237 n=9614 n = 4,966 n=2.851 n=769
smokers
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl
Less than 9
. 60.2 (59.5,60.9) 74.0 (73.2,74.5)
cigarettes
More than 10
. 359 (35.2,36.5) 23.0 (21.9,23.2)
cigarettes
Less than 10
. 67.4 (66.4,68.3) 67.3 (66.0,68.6) 73.2 (71.5,74.8) 69.1 (65.8,72.3)
cigarettes
More than 11
. 29.3 (28.4,30.2) 284 (27.2,29.7) 23.1 (21.6,24.7) 25.0 (21.9,28.0)
cigarettes
Cl, confidence interval
Supplementary Table 4. Prevalence of the number of days alcohol was used in the past 30 days among drinkers
Year 1996 2000 2004 2008 2012 2017
Number of
n = 44,545 n = 39,497 n = 30,233 n=16,110 n=12,034 n = 3,584
drinkers
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl
1-9 days 915 (91.3,91.8) 91.1 (90.9,91.4) 90.1 (89.8,90.5) 89.6 (89.2,90.1) 90.6 (90.1,91.1) 89.3 (88.3,90.3)
10-29 days 7.1 (6.8,7.3) 8.0 (7.7,8.3) 8.7 (8.4,9.0) 8.9 (8.5,9.4) 8.3 (7.8,8.8) 9.1 (8.1, 10.0)
Every day 14 (1.3,1.5) 0.9 (0.8,1.0) 1.2 (1.1,1.3) 14 (1.2,1.6) 1.1 (1.0,1.3) 1.6 (1.2,2.0)

Cl, confidence interval

Supplementary Table 5. Prevalence of the number of days when cigarettes were smoked in the past 30 days among smokers

Year 1996 2000 2004 2008 2012 2017
Number of
n = 20,070 n = 16,237 n=9,614 n = 4,966 n=2851 n=769
smokers
% 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl % 95%Cl

1-9 days 33.0 (324,337 323 (31.6,33.0) 350 (34.0,359) 384 (37.1,39.8) 380 (36.2,39.7) 47.2 (43.7,50.7)
10-29 days 19.2  (18.6,19.7) 19.0 (18.4,19.6) 21.0 (20.2,21.9) 20.7 (19.6,21.8) 23.7 (22.2,25.3) 21.2 (18.3,24.1)
Every day 478 (47.1,485) 487 (47.9,49.5) 440 (43.0,45.0) 409 (395,42.2) 383 (36.540.1) 316 (283,349

Cl, confidence interval
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting

observational studies.
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recruitment, exposure, follow-up, and data collection

Give the eligibility criteria, and the sources and methods of selection of

participants.

Clearly define all outcomes, exposures, predictors, potential

confounders, and effect modifiers. Give diagnostic criteria, if applicable

For each variable of interest give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment
methods if there is more than one group. Give information separately

for for exposed and unexposed groups if applicable.
Describe any efforts to address potential sources of bias
Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen, and why

Describe all statistical methods, including those used to control for

confounding

Describe any methods used to examine subgroups and interactions

Explain how missing data were addressed

If applicable, describe analytical methods taking account of sampling

strategy

Describe any sensitivity analyses

Report numbers of individuals at each stage of study—eg numbers
potentially eligible, examined for eligibility, confirmed eligible,
included in the study, completing follow-up, and analysed. Give
information separately for for exposed and unexposed groups if

applicable.
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potential bias. ;
)
]
Interpretation #20  Give a cautious overall interpretation considering objectives, 12- 14‘2'
limitations, multiplicity of analyses, results from similar studies, and 8
o
other relevant evidence. %
)
Generalisability #21  Discuss the generalisability (external validity) of the study results n/az
2
Other =]
. &
Information o
Funding #22  Give the source of funding and the role of the funders for the present 15

study and, if applicable, for the original study on which the present

article is based

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY.

This checklist was completed on 04. July 2021 using https://www.goodreports.org/, a tool made by the

EQUATOR Network ch%lgg%%éevnomilth%%%)’%%p%n bmj.com/site/about/guidelines.xhtml

of 29

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig 8ousby Je GZoz ‘TT aunc uo /wod fwg uadolwag//:dny wol) papeojumoq "TZ0zZ 1SnNBNy ¥ U0 £90570-0202-uadolwag/9eTT 0T Se paysiiand 1siiy :uado cING


https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#14a
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#14b
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#15
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#16a
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#16b
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#16c
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#17
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#18
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#19
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#20
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#21
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#22
https://www.goodreports.org/
https://www.equator-network.org
https://www.penelope.ai
http://bmjopen.bmj.com/

