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ABSTRACT

Objectives: As limited research has focused on the association between work
stress and health behaviours in Asian countries, this research aims to explore
the effect of work stress on the two health behaviours among employees aged
45 or above in two countries with aging populations, Korea and Japan.
Setting and participants: This secondary data analysis cross-sectional study
based on baseline data from the Korean Longitudinal Study of Aging (KLoSA,
2006) and Japanese Study of Aging and Retirement (JSTAR, 2007&2009).
Responders who worked at baseline in KLoSA (N=3,478) or in JSTAR
(N=1,504) without missing data were included in the analytical sample.

Main outcome measures: This study used logistic regression and multinomial
logistic regression to investigate the association between work stress
represented by the short version of the effort-reward imbalance (ERI) model
and smoking (binary current smoking) and drinking (categorical volume of
alcohol). In addition, socioeconomic and work-related characteristics variables
were taken into consideration. Moreover, this research additionally examines
the potential interaction between ERI and gender.

Results: Smoking and drinking were significantly associated with the effort-
reward ratio in the Korean analysis (N=3,478). After the model was fully
adjusted, the OR (95% CIl) were 1.45 (1.17-1.80) and 1.44 (1.09-1.90),
respectively. In Japan (N=1,504), smoking was associated with the effort-
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reward ratio (OR 1.37 (1.01-1.89)); however, drinking was not. No statistically
significant interaction was found between ERI and gender (p value of 0.82 in
Korea and 0.19 in Japan).

Conclusions: The results of this study showed that work stress was statistically
significantly associated with both health behaviours in the Korean sample and
with smoking in Japan. These results potentially suggest the integration of long
working time reduction health promotion programmes in these two Asian

countries.

Key words: Work stress; Effort-reward Imbalance; Health Behaviours;

Smoking; Drinking

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

Page 4 of 51


http://bmjopen.bmj.com/

Page 5 of 51

oNOYTULT D WN =

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

BMJ Open

INTRODUCTION

In the last few decades, many public health studies have highlighted the
necessity of studying unhealthy behaviours such as smoking, drinking, poor
diet and sedentary lifestyles.[1,2] Scholars have observed that smoking, binge
drinking, less exercise and poor diet contribute significantly to the high level of
morbidity and mortality witnessed in both developed and developing
countries.[1,3,4] Some risk factors, such as work stress, associated with
unhealthy behaviours have not been studied extensively in the past.[1,5] Even
though moderate work stress can motivate people to become more productive,
excessive or unmanageable stress may increase their risks of unhealthy
behaviours.[6] Research has even shown that when people are not satisfied
with their work or do not receive the desired rewards for their efforts, they are

more likely to experience work stress.[7]

Two models for work stress evaluation

Two models that are widely used in many epidemiological studies to evaluate
the level of work stress include Karasek’s Job Demand-Control (JDC) model
and Siegrist’'s Effort-Reward Imbalance (ERI) model.[8-14] The JDC model
measures the magnitude of work-related stress from job demand and job
control dimensions.[9] The model postulates that the most stressed people are
those with high job demands combined with low work control.[9,10] However,

4
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at the core of the ERI model, there is the principle of the work contract and
social reciprocity.[14] This model predicts that the combination of high efforts
and low rewards would significantly increase negative emotions and a high level

of work stress.[15]

Reasons for studying the association between work stress and health
behaviours in Korea and Japan

Previous research has indicated that health behaviours are likely to be
associated with chronic and cardiovascular diseases.[16] In addition, most of
the existing studies have focused on European and North American countries,
and only a few have examined the association between job stress and health
behaviours in East Asian countries.[1,5]

A paper utilised the ERI model to examine the relationship between work
stress and smoking found that highly stressed people were more likely to
smoke.[2] Another US study, using the job strain model, produced a similar
result and concluded that high strain jobs were positively associated with
smoking intensity.[17] In terms of drinking, Siegrist and Rddel, in their meta-
analysis of 18 articles, investigated the association between work-related stress
and alcohol consumption.[6] They indicated that most of the existing articles
have used the JDC model to evaluate work stress, while few articles have used
the ERI model.[6] Although some studies failed to determine the association
between work-related stress and drinking, some European studies found that

5
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work-related stress contributed to chronic heavy drinking and alcohol
addiction.[18-20]

Middle-aged and older workers in the Asian region are particularly vulnerable
to work-related stress.[21,22] Because of this and lack of relevant policies and
welfare systems guaranteeing the rights of employees in Asia, it is predicted
that work-related stress might have a more serious impact on employees in
East Asian countries than in Western countries.[21,22] Two developed
countries with similar economic development patterns, Japan and Korea, have
witnessed an increased rate of work-related deaths in the last three
decades.[7,23]

In Korea and Japan, evidence from the analysis of the relationships between
work-related stress and health behaviours is limited.[24-27] Kawakami and
Haratani pointed out that compared to some European countries, Japanese
people felt less satisfied with their jobs, thereby making them more vulnerable
to work-related stress.[25] In a Korean cohort study, job security was negatively
associated with smoking status among people aged 20-59.[26] Similarly, in a
cross-sectional study conducted in Japan, a considerable number of nurses
with high job strains depended on heavy smoking.[27]

Additionally, Japan and South Korea have some similarities when exploring
the association between work stress and healthy behaviour; however, no
literature has compared the two countries simultaneously. Several Japanese
and Korean studies found that a gender difference might exist in the association

6
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between work stress and various health outcomes.[2,24,25,28] Lack of intrinsic
work rewards and uncertainty about the future contributed to unhealthy
behaviours more seriously in males than in females.[28,29] Moreover, existing
evidence suggests that the role of work stress on health behaviours in Japan is
similar to that in Korea. According to different cohort and cross-sectional studies,
work stress was negatively associated with vegetable intake and positively
associated with high calorie intake.[30-32] The results from two Japanese
occupational cohort studies showed that high job strain and effort-reward ratio
(ER ratio) were modestly related to physical inactivity.[33,34] Previous studies
also found that age, gender, education level, marital status, occupational grade,
socioeconomic status and working time might be covariates that need to be
controlled for when studying the relationship between work-related stress and

health behaviours in Korea and Japan.[2,25,26,35]

Research gaps in work stress and health behaviours

In summary, past Japanese and Korean work-stress research focused on the
relationship between work-related stress and individual health behaviours in
some specific occupations, but they had yet to look at several health behaviours
in the same analysis in general population samples.[33] Thus, this paper
focuses on the association between work stress and two unhealthy behaviours,
current smoking status and heavy alcohol consumption, in Korea and Japan by
using two well-known ageing datasets, JSTAR and KLoSA.[6,36] To focus on

7
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a potentially more vulnerable population, the target population of this research
is middle-aged and older workers aged 45 years and older in Korea and
Japan.[37] To provide a comparative evaluation of work stress in these two
potentially different socioeconomic and sociocultural contexts, this study uses
the ERI model to assess work-related stress. The short form of ERI used in the
KLoSA and JSTAR datasets, previously used and partially validated by Siegrist
et al, will be used to measure the ERI model.[9,37,38]

The study has three objectives: (1) to examine the association between ERI
and health behaviours in KLoSA and JSTAR, (2) to investigate the potential
interactions between ERI and gender, and (3) to compare results from Korea

and Japan and to identify any potential differences in findings.

METHODS

Study design

The Korean data and Japanese data were collected from the Korean
Longitudinal Study of Aging (KLoSA) and the Japanese Study of Aging and
Retirement (JSTAR), respectively. Both databases are public data with open
access.[36,39] The KLoSA study was based on the random selection of men
and women aged 45-98 in South Korea, excluding Jeju Island. The baseline
data were obtained in 2006, and Computer Assisted Personal Interviewing
(CAPI) was employed to ask questions related to work stress and health
behaviours. Because of the large number of missing outcome variables in the
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follow-up waves, it was decided that this study would focus on cross-sectional
analysis using 2006 data (wave1).

The JSTAR survey was conducted by the Research Institute of Economy,
Trade and Industry Trade and Industry (RIETI), Hitotsubashi University, and the
University of Tokyo.[36] This survey focused on men and women aged 50-78
in 2007. According to the JSTAR first results report, the data quality was
evaluated by comparing the JSTAR database with the 2005 Japanese census
data. JSTAR has a high response rate in terms of the Japanese standard,
however, JSTAR datasets have various limitations, such as changing the
questionnaire between waves.[36] Because of this, some variables are missing
in different waves. Siegrist et al. pointed out that JSTAR data were not of
enough quality for the longitudinal analysis of work stress, as many people
dropped out in later waves.[9] Hence, this project uses the baseline JSTAR data
to perform cross-sectional analyses. The data from 5 cities (Adachi, Kanazawa,
Shirakawa, Sendai, and Takikawa) were collected in 2007, with an additional
two cities (Tosi and Naha) obtained in 2009.

Overall, as KLoSA is a much larger study and past literature suggests that it
is of better quality than JSTAR.[36,39] the present study will mainly focus on
Korean results. Korean results will then be compared with Japanese results.
Both studies were approved by relevant ethical committees in both countries,

and all participants signed informed consent for participation in the study.
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Study sample

Figures 1 and 2 present the analytical sample selection in this study.
Responders who worked at wave1 in KLoSA (N=3,478) or in JSTAR
(N=1,504) without missing data were included in the analytical sample. A total
of 482 participants were excluded from the analysis due to missing data,
which accounted for 12.2% of the total workers in the Korean baseline
sample. According to the same inclusion and exclusion criteria, approximately
53.5% (N=1,504) of responders could be used from a Japanese sample. In
summary, nearly 87.8% of the Korean eligible sample was analysed, while
only approximately half of the eligible Japanese sample was included in the
analysis.

(please put Figure 1 here)

(please put Figure 2 here)
Patient and Public Involvement

No patient involved

MEASUREMENTS

ERI evaluation

The ERI, the exposure of this project, was measured with three questions in
KLoSA and six questions in JSTAR. The original ERI questionnaire consists of
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17 items, 6 of which measure “efforts”, and the remaining items measure
‘rewards”.[40] Because of the limitations of the existing data, only one item is
available for evaluating the effort dimension, while two items are available for
assessing the reward dimension (“ERI [1+2]”) in Korea. In Japan, two and four
questions were used to measure ‘“efforts” and “rewards” (“ERI [2+4]"),
respectively. In 2012, Siegrist et al. demonstrated in their study that the short
version and the long version of the ERI model had similar properties.[9] Hence,
this project used the short version to evaluate work stress in a Japanese
sample.[40] In this way, the results from the analysis using a shorter version
(“1+2”) will be directly comparable between Korean and Japanese samples.
Each item in the model was answered using a 4-point Likert scale. Higher
scores indicate higher efforts, while lower scores reflect more work-related
stress caused by lower occupational rewards.[40] The ER ratio is calculated by
adding the score of the effort and then dividing the value by the total score of
reward, adjusted for the different number of items (correction factor), which is
0.5 in the three-item ERI model and six-item ERI model. Then, the categorical
ERI is obtained by dividing continuous ERI into tertiles.[9] Individual questions
available in both datasets are shown in Table 1, with questions requiring

reverse scoring marked with an asterisk.
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Table 1 Questions related to ERI measurement

KLoSA JSTAR
*My job requires lots *My current job involves physical labour.
of physical effort.

Effort N/A *I have a lot of work and always feel time
pressure.
*| feel my job is Do you think it is likely that you could lose your
secure. current job for a reason other than retirement?
*| am satisfied with *Considering the effort | put in and the results |
Reward current wage. produce, | am satisfied with my current pay.
N/A *| receive appropriate evaluation on my work
from co-workers.
N/A *When | have problems Doing my work,

colleagues give me advice and help me.

* Reverse coding

Health behaviours

The main focus of the paper in terms of health behaviours is current smoking
and drinking status. Used as a binary outcome in Korea, smoking was assessed
by the question “Do you smoke cigarettes now?” Participants who answered
‘yes” to the question were classified as current smokers, and those whose
response was “No” were considered non-smokers. In Japan, participants were
asked, “Do you regularly use tobacco, or did you use it in the past?” Participants
were given three options: (1) Yes, | smoke now; (2) | smoked in the past, but |
have quit; (3) No, | have never smoked regularly. To ensure comparability

between the two countries and considering this paper mainly studies the current
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smoking situation, participants who chose Option (1) were regarded as current
smokers, and those who selected (2) or (3) were classified as current non-
smokers.

Drinking was used as a categorical outcome in the analysis. First, the weekly
alcohol consumption was calculated by multiplying the weekly drinking
frequency of different drinks by their alcohol content. Next, according to the
criteria of different drinking levels among men and women, this research
classified individuals in Korea and Japan into three groups: non-drinkers,
moderate drinkers, and heavy drinkers.[25] Males who drank between 0~210 g
alcohol per week (g/wk) were considered moderate drinkers, and those who
consumed more than 210 g/wk were regarded as heavy drinkers. Similarly,
females who drank approximately 0~140 g/wk and more than 140 g/wk were

considered moderate drinkers and heavy drinkers, respectively.[41]

Covariates

All available covariates were categorised as demographic, social and
socioeconomic, and work-related characteristics. The demographic variables
included age and gender. Age was divided into 5-year age groups. The social
variables included education and marital status. In each country, education was
classified into four categories. Marital status was classified into five categories
(married, separated, divorced, widowed, and never married) in Korea but was
only available in two categories (married/not married) in Japan. The work-

13
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related variables refer to the working position and weekly working hours. In both
countries, the working position was classified as non-supervisor, supervisor
and self-employed. Participants were asked “How many hours do you work per

week on average?” to estimate weekly working hours.

Analytical strategy

This study employed the number (%) and mean (SD) for all variables of interest
to describe the characteristics of the analytical sample. The associations
between exposure (categorical ER-ratio) and outcomes (smoking and drinking)
were examined in both countries separately. Given that smoking is a binary
variable, logistic regression was used to explore the relationship between ERI
and the prevalence of smoking, and odds ratios (ORs) were estimated.
Multinomial logistic regression were used to evaluate the association between
ERI and drinking. In both analyses, the associations between ERI and two
outcomes were analysed in the same order of adjustment. For all the analyses,
four adjusted models were fitted: (Model 1) adjusted for age; (Model 2) Model
1 + gender; (Model 3) Model 2 + education, marital status; and (Model 4) Model
3 + working position, working hours.

Considering that differences might be observed in the healthy behaviours of
men and women, likelihood-ratio tests were performed to examine the
interactions between ERI and gender. The goodness of fit indices of the
regression models, including and excluding the corresponding interaction terms,
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were compared. (Supplementary Table 1 and Table 2).

All the analyses mentioned above were conducted in STATA 15.1.

RESULTS
Characteristics of samples in Korea and Japan
Table 2 describes both analytical samples. The mean age of respondents in the
Korean sample was 55.6 years (SD=8.3 years), while that of the Japanese
sample was 59.2 years (SD=6.1 years). More than half of the participants had
at least a high school education in both Korea (53.3%) and Japan (70.1%). A
large proportion of subjects (Korea 88.6%, Japan 83.4%) were married. In both
samples, men had a higher working position and were more likely to be self-
employed than women.

The prevalence of smoking was 32.2% in Korea and 30.7% in Japan. In both
countries, the prevalence of smoking was higher among men (Korea: 44.5%;

Japan: 39.9%) than among women (Korea: 3.6%; Japan: 13.7%). While the

Table 2 Characteristics of the cross-sectional sample in Korea and Japan

Variables Korea Japan
Number(%) Number(%)

Sample 3,478 1,504

Age

years mean (SD) 55.6(8.3) 59.2(6.1)

45-49years 1,055(30.3) N/A

50-54years 787(22.6) 392(26.1)

55-59years 596(17.1) 513(34.1)

prevalence of male heavy drinkers was 21.1% in Korea and 43.0% in Japan, it

was 3.2% in Korea and 12.9% in Japan among women.
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60-64years 444(12.8) 296(19.7)
65-69years 358(10.3) 191(12.7)
>70years 238(6.8) 112(7.5)
Gender
male 2,431(69.9) 977(65.0)
female 1,047(30.1) 527(35.0)
Education
elementary 988(28.4)
middle 635(18.3) 330(21.9)
vocational school N/A 120(8.0)
high 1,281(36.8) 715(47.5)
college/university 574(16.5) 339(22.5)
Marital status
married 3,080(88.6) 1,255(83.4)
separated 36(1.0) N/A
divorced 90(2.6) N/A
widowed 238(6.8) N/A
never married 34(1.00) 249(16.6)
Working position
non-supervisor 1,366(39.3) 994(66.1)
supervisor 409(11.8) 101(6.7)
self-employed 1,703(49.0) 409(27.2)
Working hour
hours per week(SD) 48.5(18.3) 41.7(16.4)
Location
Seoul 536(15.4) N/A
other places 2,942(84.6) N/A
ERI(1+2) 3,478 1,504
lowest tertile 1,611(46.3) 543(36.1)
middle tertile 1,001(28.8) 579(38.5)
upper tertile(ERI) 866(24.9) 382(25.4)
ERI(2+4) N/A 1,504
lowest tertile N/A 559(37.2)
middle tertile N/A 447(29.7)
upper tertile(ERI) N/A 498(33.1)
Smoking
no 2,359(67.8) 1,042(69.3)
yes 1,119(32.2) 462(30.7)
Drinking

grams per week(SD)

201.7(289.2)

never
moderate
heavy

1,490(42.8)
1,441(41.4)
547(15.7)

169.7(242.5)
553(36.8)
460(30.6)
491(32.7)
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Evaluation of potential gender effect modification

In terms of the association between ERI and smoking, no statistically significant
interactions were found after adjusting for age, education and marital status,
work position and weekly working hours constant (p>0.05). The p values for the
likelihood-ratio tests were 0.20 and 0.82 in Korea and Japan, respectively. For
drinking, after adjusting all the covariates, no statistically significant interaction
was found; the p value was 0.82 in Korea and 0.19 in Japan. The complete
results of gender-specific analyses are shown in Supplementary Table 1 and
Table 2. Although there was no statistically significant gender interaction, the
results were different between men and women; for example, the number of
female smokers was quite low.

ERI and health behaviours in Korea

Based on Korean data (2007), the results of different adjusted models for
smoking and drinking are presented in Table 3. The gender-specific association
between ERI and health behaviours was also explored (Supplementary Table
1 and Table 2).

Smoking

As shown in Table 3, all the results were statistically significant (p<0.05) among
people who experienced the highest level of work stress (T3-high effort and low
reward) compared to T1. After adjusting for age (Model 1), the OR (95% ClI)
represents the ERI effect size on smoking behaviour, where the OR of upper
ERI was 1.45 (1.22-1.73). A considerable change in the effect size of the upper
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ERI group was observed after adjusting for gender (Model 2), and the OR (95%
Cl) was 1.81 (1.49-2.20). Further adjustment for social and work-related
covariates reduced the effects of work stress but remained statistically

significant (Models 3 and 4).

Drinking

The effect sizes of ERI on drinking are presented in the bottom part of Table 3.
When comparing moderate-alcohol consumers to non-alcohol consumers, it
was found that the OR (95% CI) of upper ERI compared to low ERI was 1.15
(0.93-1.42) in fully adjusted Model 4, although this association was not
statistically significant (p>0.05). Statistically significant results were obtained
when examining the association between the upper tertile of ERI and heavy
drinking. The OR (95%Cl) in Model 4 was 1.44 (1.09-1.90). Additionally, gender
takes major accounts for the largest change in ORs in Model 2.

In addition, analysis, place of residence was taken into consideration.
Participants were classified as living in the capital Seoul or elsewhere. The
effect size of ERI did not change when the residence variable was added into
the regression models. The result of the likelihood ratio test showed that
residence did not play a role in the association between ERI and smoking or

between ERI and drinking, as the p-value were 0.30 and 0.87, respectively.
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Table 3 ORs (95% Cl) of the association between Effort-reward Imbalance and current smokérs and drinkers in Korea
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Korea Model1 Model2 Model3 :l\)n Model4
ERI(tertiles) OR(95%Cl) p value OR(95%CI) p value OR(95%CI) p valge OR(95%Cl) p value
Smoking <
T1(reference) 1.00 1.00 1.00 g 1.00
T2(middle) 1.07(0.90,1.27) 0.42 1.38(1.14,1.67) 0.001 1.23(1.01,1.50) 0.043 1.21(0.99,1.48) 0.06
T3(upper-ERI) 1.45(1.22,1.73) <0.001 1.81(1.49,2.20) <0.001 1.48(1.20,1.83) <0.0¢% 1.45(1.17,1.80) 0.001
p for linear trend <0.001 <0.001 <0.08 0.001
Drinking 8
non-drinker 1.00 1.00 1.00 g 1.00
moderate g
drinker >
T1(reference) 1.00 1.00 1.00 g 1.00
T2(middle) 0.83(0.70,0.99) 0.04 0.99(0.82,1.19) 0.88 0.99(0.81,1.19) 0.88§ 1.00(0.83,1.22) 0.98
T3(upper-ERI) 0.96(0.80,1.16) 0.69 1.11(0.91,1.36) 0.29 1.11(0.90,1.37) 0.3% 1.15(0.93,1.42) 0.21
p for linear trend 0.45 0.34 0.365 0.24
heavy drinker E]
T1(reference) 1.00 1.00 1.00 S 1.00
T2(middle) 0.81(0.63,1.03) 0.08 1.01(0.78,1.31) 0.92 0.96(0.73,1.25) 0.75ii 0.94(0.72,1.23) 0.66
T3(upper-ERI) 1.32(1.04,1.67) 0.02 1.60(1.24,2.07) <0.001 1.45(1.10,1.91) 0.00§ 1.44(1.09,1.90) 0.01
p for linear trend 0.07 0.001 0.0E 0.02
Model1:Adjusted for age <
o
Model2:Model1+gender E
<
Model3:Model2+education, marital status E
Model4:Model3+working position, working hours 5-9
]
g
3
8
2 19
a
=

Page 20 of 51


http://bmjopen.bmj.com/

Page 21 of 51

oNOYTULT D WN =

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

BMJ Open

ERI and health behaviours in Japan

The Japanese analysis was based on the JSTAR data in 2007 (5 cities) and
2009 (2 cities). In the short version of the ERI model, the higher ERI group had
a higher proportion of smoking individuals among Japanese people. Compared
to the lowest ERI group, the proportion of heavy drinkers slightly decreased in
the upper tertile from 35.3% to 31.1%. Using the longer ERI model, the
prevalence of smoking was the highest in the middle tertile. The characteristics
of the drinking prevalence of the long ERI version were similar to those of the
short version. Additionally, the ER ratios of the upper tertile (T3) in both ERI
measurements had the widest range from 1.14 to 4 and from 0.93 to 3.20,
respectively.

To compare the KLoSA and JSTAR datasets, the analytical process of
JSTAR had the same sequence of adjustments of the covariates as it did in
Korea. As more ERI-related questions were available in JSTAR, this study used
a shorter version (1+2 questions, same as in Korea) to make available
comparisons and a longer version of the ERI model (2+4) to perform the
sensitivity analysis. The full results for smoking and drinking are presented in
Tables 4 and 5. Because the Japanese female data might not be reliable, this
study also tested the gender-specific association between ERI and health

behaviours (Supplementary Table 1 and Table 2).[15]

Smoking

Table 4 shows the relationship between ERI and dichotomized smoking in
Japan. To compare the results from Japan and Korea, the results using the
short version of the ERI evaluation (1+2) are presented in the top part of Table

20

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

367

368

369

370

371

372

BMJ Open

4. The ORs (95% CI) of smoking for the upper tertile versus the lowest tertile of
ER ratio were 1.49 (1.12-1.98) when adjusted for age (Model 1) and 1.55 (1.15-
2.08) when additionally adjusted for gender (Model 2). The magnitude and
strength of the association decreased when additionally adjusted for education
and marital status. ERI remained associated with smoking in a similar way as

in KLoSA.
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Table 4 ORs (95% CI) of the association between ERI and current smoking in Japan

02 1snfng 52 4o 8e5£90-220z-uadoligs

Japan-smoking Model1 Model2 Model3 Model4
ERI (tertiles) OR(95%Cl) p value OR(95%CI) p value OR(95%CI) p val OR(95%Cl) p value
Japan(1+2)
T1(reference) 1.00 1.00 1.00 1.00
T2(middle) 1.31(1.01,1.70) 0.05 1.42(1.08,1.87) 0.01 1.33(1.01,1.75) 0.043 1.32(1.00,1.75) 0.05
T3(upper-ERI) 1.50(1.13,2.00) 0.005 1.56(1.16,2.10) 0.004 1.36(1.00,1.85) 0.0 1.37(1.01,1.89) 0.05
p for linear trend 0.004 0.003 O.OLE_ 0.04
Japan(2+4) 2
T1(reference) 1.00 1.00 1.00 8 1.00
T2(middle) 1.49(1.13,1.96) 0.004 1.71(1.28,2.28) <0.001 1.62(1.21,2.17) o.oog 1.59(1.18,2.14) 0.002
T3(upper-ERI) 1.30(0.99,1.70) 0.05 1.31(0.99,1.73) 0.06 1.21(0.91,1.61) 0.1% 1.17(0.87,1.58) 0.29
p for linear trend 0.05 0.05 0.1F 0.29
Model1:Adjusted for age E]
o
©
Model2:Model1+gender g
o
3
Model3:Model2+education, marital status 3
3
Model4:Model3+working position, working hours S
g
©
S
N
g
«Q
c
@
T
9
3
3
3
8
2 22
a
=4
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Drinking

According to Table 5, the relationship between ERI categorised into tertiles and
drinking in Japan was different from the trend seen in Korea. When comparing
people in different ERI groups, people with higher work stress were less likely
to drink. Moreover, when adjusted for additional covariates, the effect size of

ERI on drinking did not change much (Model 3 and Model 4).
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Table 5 ORs (95% CI) of the association between ERI and drinking levels in Japan

& 6z Yo 8£5£90-220z-uadolway

24

Japan-drinking Model1 Model2 Model3 Model4
ERI (tertiles) OR(95%CI) p value OR(95%CIl) p value OR(95%CIl) p value OR(95%CIl) p value
Japan(1+2) <
Non-drinker 1.00 1.00 1.00 N 1.00
moderate drinker N
T1(reference) 1.00 1.00 1.00 & 1.00
T2(middle) 0.74(0.55,0.99) 0.04 0.74(0.55,1.00) 0.09  0.77(0.56,1.04) 0.89 0.76(0.56,1.04) 0.08
T3(upper-ERI) 0.90(0.65,1.24)  0.50 0.85(0.61,1.18) 0.33  0.92(0.65,1.30) 0.83 0.91(0.64,1.29) 0.59
p for linear trend 0.40 0.26 0.83 0.50
heavy drinker S
T1(reference) 1.00 1.00 1.00 = 1.00
T2(middle) 0.71(0.54,0.94) 0.02 0.71(0.52,0.97) 0.03 0.71(0.52,0.97) 0.63 0.71(0.52,1.02) 0.02
T3(upper-ERI) 0.78(0.57,1.07) 0.12 0.72(0.51,1.02) 0.07 0.71(0.49,1.01) 0.86 0.71(0.50,1.04) 0.08
p for linear trend 0.08 0.05 0.84 0.05
Japan(2+4) z
moderate drinker 2
T1(reference) 1.00 1.00 1.00 S 1.00
T2(middle) 0.79(0.58,1.07) 0.13 0.83(0.60,1.14) 0.26  0.84(0.60,1.16)  0.28 0.85(0.61,1.17)  0.32
T3(upper-ERI) 0.89(0.66,1.20) 0.45 0.84(0.62,1.15) 0.28 0.87(0.64,1.20) 0.41 0.89(0.64,1.23) 0.47
p for linear trend 0.44 0.27 O.%O 0.47
heavy drinker ~
T1(reference) 1.00 1.00 1.00 § 1.00
T2(middle) 0.75(0.56,1.02) 0.07 0.82(0.59,1.14) 0.24 0.80(0.57,1.11) 0.38 0.80(0.57,1.12) 0.19
T3(upper-ERI) 0.78(0.58,1.05) 0.10 0.72(0.52,0.99) 0.05 0.71(0.51,0.97) 084 0.71(0.51,0.99) 0.04
p for linear trend 0.09 0.04 0.84 0.04

U

3

g

<
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Model1:Adjusted for age
Model2:Model1+gender
Model3:Model2+education, marital status

Model4:Model3+working position, working hour
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Sensitivity analysis of JSTAR

The results of smoking sensitivity analysis are shown in the bottom part of Table
4. No statistically significant differences between the top and bottom ERI tertiles
were found when a longer version of ERI was used, while the OR of smoking
was significantly increased in the middle ER ratio group. In terms of drinking,
the results of short version and long version ERI model evaluation presented a

similar trend.

DISCUSSION

Main findings and comparison with previous studies
The results indicate that a higher ERI level was positively associated with a
higher prevalence of smoking and heavy drinking among Korean workers.
Moreover, it was found that work-related stress was associated with smoking
among Japanese people. ERI was not, however, significantly associated with
drinking in Japan. The Japanese results for alcohol consumption contradict
some previous studies.[42,43-45] This might be because of the small sample
size and selection bias. Nonetheless, the effect size and direction of ERI were
consistent with the results from previous research in non-Asian regions.[46,47]
Moreover, the results from Japan also provide some evidence for the validity of
the short version of the ERI. In both analyses of Japanese data, the results
using shorter and longer versions of ERI (“2+4” and “1+2”) are mostly but not
entirely similar.

This study also used the likelihood-ratio test to explore the potential
interaction between ERI and gender factors. No gender interaction was in

Korea or Japan. However, the associations between ERI and health behaviours
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were significant among only men. This may be because only a few women in
both datasets were smokers or heavy drinkers. In any case, this result was
consistent with a previous US study.[48] Gender was not an effect modifier in
the relationship between work-related stress and health behaviours. Contrary
to most previous observational and experimental studies conducted in Western
countries.[8] this study found that work-related stress might be a protective
factor against heavy drinking among Japanese workers and that this type of
stress was not statistically significantly associated with the outcomes among
Japanese females. People with the highest ERI levels had low odds (OR<1) of
becoming heavy drinkers in Japan. Moreover, no significant association existed
between work stress and drinking by comparing moderate drinkers to non-
drinkers in Japan. In Japan and Korea, the association between work-related
stress and drinking was not similar.The following explanations account for the
different results in Japan. First, occupational drinking subculture could
contribute to job stress. The purpose of socialisation and career development
could also make individuals more or less prone to heavy drinking.[49] In several
Asian countries, such as Japan, drinking alcohol is considered an essential way
of engaging in social interactions.[45,50,51] The difference in drinking patterns
in both Japan and Korea accounts for the disparity in the results. Most drinkers
in Japan are moderate drinkers, while those in Korea have a penchant to binge
drinking.[52-54] Hence, in Japan, the influence of drinking culture tends to be
greater than the impact of work-related stress. However, the subculture and
culture norms represent difficult elements to control in the analysis.[49] One US
study illustrated that even though work-related stress had more enormous
effects on males’ drinking behaviours than on females’ drinking behaviours, the
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results were usually statistically significant.[48] With a sample size of 26,946
people, this US study could be used to detect the significant association
between stress and drinking.[48] In this study, there were few Japanese
smoking and drinking cases to explore any statistically significant effect of job

stress, which might be one of the limitations of this study.

Strengths and limitations of this study

This study utilised the ERI model to evaluate work stress levels. It also designed
a cross-sectional study to examine the association between work stress and
health behaviours in Korea and Japan. In previous research, only a few studies
applied the ERI model to explore the association between work stress and
health behaviours.[15,32] Of those few studies, only a small percentage
focused on Asian countries. Acquired from two reliable organisations (KEIS and
RIETI), the baseline data of this study were collected nationally. These data
provided a representative sample in Korea and a male sample group in Japan.
Although the representation of Japanese females was not very good, it has
been previously stated that JSTAR provides more useful information than other
existing female-based studies because many other existing studies were based
on only a limited geographic area or a specific occupation or age group.[36,54-
57]

This study fills the gaps in the research regarding the association between
Asian workers’ stress and health behaviours. Moreover, the study sample in
this project comprised elderly people over 45 years old, who were more
sensitive to the experience of work-related stress than younger people.[58]
Multinomial logistic regression was applied in this project to explore the
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association between work stress and health behaviours, thereby providing a
better way to control various potential confounders simultaneously. However,
the results of this study still have several limitations. One limitation is the small
sample size of JSTAR after the selection process with the inclusion and
exclusion criteria. The relationship between work-related stress and drinking
behaviour might be indirectly proportional given that occupation had a potential
effect modification.[59] Another limitation is the methodological considerations.
Due to the cross-sectional nature, the results could be influenced by
reporting/recall bias.[60] This tendency indicates that variation in personal
response tendencies existed but was difficult to control.[61] Apart from the
possibility of causing outcome misclassification, it is highly likely that the effect
size of work-related stress on smoking and drinking becomes
underestimated.[62,63]

The third limitation is that the effect of residual confounding from other risk
factors, for example, drinking subcultures, individual occupation type and
workload, were not taken into account because of the data limitations of the two
datasets. [43] It might influence the association between stress and health
behaviours, a behavioural pattern that may lead to under-estimation or over-

estimation of the real ORs of the association.[46,64,65]

Suggestion for further research

This research is the first study to use the ERI model to analyse work-related
stress and health behaviours in Korea and Japan simultaneously, even though
non-significant results in terms of work-related stress and drinking were found
in Japan due to the small sample size and reasons noted previously. Previous
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evidence mainly supported the theory that people with more work-related stress
were more likely to become smokers and heavy drinkers in European,
Australian and North American countries.[17-21,66-69] The findings of this
research also suggest that Asian countries may have the same consistent trend
of ERI-smoking association found in other regions around the world.[8,70] By
and large, this study fills the gap in this area of knowledge. In terms of the ERI-
drinking association, significant results were found in Koreans and Japan.
Therefore, in future research, it is pertinent to identify other datasets in Korea
and Japan, evaluate associations to see whether results are consistent within
national boundaries, and investigate whether any study has better alcohol data
of drinking patterns to test the ERI-drinking association.

Furthermore, longitudinal studies based on a larger sample size are
recommended by taking more possible confounders under control to explore
the causality and clarify the relationship between work-related stress and health

behaviours.

CONCLUSION

Overall, after accounting for available covariates, it was found that a higher work
stress expressed by a short version of the ERI was positively associated with a
higher prevalence of smoking and heavy drinking among senior workers over
45 years old in Korea but was negatively associated with the prevalence of
heavy drinking in Japan. The results also indicated that the effects of work
stress were not significantly modified by gender. Moreover, the ERI-smoking
association was similar in Korea and Japan. The ERI-drinking association,

however, was different in these two countries. This was because work stress
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was a risk factor in Korea but a protective factor in Japan. Based on these
findings, this paper recommends that governments enhance the balance
between extrinsic efforts and work rewards in Asian countries. Doing so may
improve the health behaviours, particularly smoking behaviour, of workers and

accelerate social and economic development.
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Figure 1 Flow chart of the Korean cross-sectional study sample selection

Figure 2 Flow chart of the Japanese cross-sectional study sample selection
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Supplemental Table 1. ORs (95% CI) of the association between Effort-reward Imbalance and current smokéss by gender
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Supplemental Table 2. ORs (95% CI) of the association between Effort-reward Imbalance and drinking levelg;by gender

Japan(2+4)

Modell Model2 g Model3
o)
W
male female male female 8 male female
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o
T3(upper-ERI) 0.63(0.40,0.97) 0.04 1.33(0.76,2.22) 0.34 0.68(0.43,1.08) 0.10 1.39(0.80,2.39) 0.24 § 0.66(0.41,1.05) 0.08 1.37(0.79,2.39) 0.27
=}
p for linear trend 0.03 0.39 0.09 0.29 Z 0.08 0.31
heavy drinker &
T1(reference) 1.00 1.00 1.00 1.00 g 1.00 1.00
5]
T2(middle) 0.61(0.41,0.89) 0.01 0.94(0.51,1.73) 0.85 0.61(0.41,0.90) 0.01 0.93(0.50,1.73) 0.82 % 0.61(0.41,0.91) 0.02 0.97(0.52,1.82) 0.92
Q
T3(upper-ERI) 0.56(0.36,0.85) 0.007 1.09(0.54,2.21) 0.82 0.54(0.35,0.84) 0.006 1.10(0.53,2.26) 0.80 g 0.54(0.35,0.85) 0.008 1.17(0.56,2.44) 0.68
o)
p for linear trend 0.005 0.84 0.005 0.84 _g 0.006 0.71
z
=
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moderate drinker
T1(reference)
T2(middle)
T3(upper-ERI)

p for linear trend
heavy drinker
T1(reference)
T2(middle)
T3(upper-ERI)

p for linear trend

1.00
0.80(0.54,1.20)

0.58(0.37,0.90)

1.00
0.79(0.54,1.15)

0.56(0.37,0.85)

0.29

0.02

0.02

0.22

0.007

0.007

1.00
1.00(0.61,1.65)

1.23(0.74,2.03)

0.89(0.48,1.65)

0.74(0.38,1.44)

0.99

0.43

0.43

0.70

0.38

0.38
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1.00
0.84(0.56,1.26)

0.62(0.39,0.97)

1.00
0.78(0.53,1.16)

0.55(0.36,0.84)

0.39

0.04

0.04

0.22

0.006

0.007

1.00
0.97(0.59,1.61)

1.27(0.76,2.12)

0.87(0.46,1.62)

0.74(0.38,1.45)

0.91

0.36

0.37

0.65

0.38

0.38

1.00
0.84(0.55,1.27)

0.59(0.37,0.95)

1.00
0.78(0.53,1.17)

0.54(0.35,0.85)

0.40

0.03

0.03

0.23

0.007

0.007

1.00
0.99(0.60,1.65)

1.32(0.78,2.22)

0.89(0.48,1.68)

0.78(0.39,1.54)
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0.97
0.30

0.31

0.73
0.47

0.47

Model1:Adjusted for age

Model2:Model1+ education, marital status

Model3:Model2+ working position, working hours
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Item Page
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Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or | 2
the abstract
(b) Provide in the abstract an informative and balanced summary of what | 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation 4-8
being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 8
Methods
Study design 4 Present key elements of study design early in the paper 8-9
Setting Describe the setting, locations, and relevant dates, including periods of 8-9
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection | 9
of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 10-14
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods | 10-14
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 26,29
Study size 10 Explain how the study size was arrived at 10
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 10
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 14
confounding
(b) Describe any methods used to examine subgroups and interactions 14
(c) Explain how missing data were addressed 10
(d) If applicable, describe analytical methods taking account of sampling | 8
strategy
(e) Describe any sensitivity analyses 20,26
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 10
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 10
(c) Consider use of a flow diagram 10
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, 15-17
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | 10
interest
Outcome data 15*  Report numbers of outcome events or summary measures 15-17
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 17-26

estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were
categorized
(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, 14,17,
and sensitivity analyses 26
Discussion
Key results 18 Summarise key results with reference to study objectives 26
Limitations 19 Discuss limitations of the study, taking into account sources of potential 28-29
bias or imprecision. Discuss both direction and magnitude of any
potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, 26-28
limitations, multiplicity of analyses, results from similar studies, and
other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 30-31
Other information
Funding 22 Give the source of funding and the role of the funders for the present 33

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

is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
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ABSTRACT

Objectives: As limited research has focused on the association between work
stress and health behaviours in Asian countries, this research aims to explore
the effect of work stress on two health behaviours among employees aged 45
or above in two countries with aging populations, Korea and Japan.

Design: A cross-sectional study.

Setting: This secondary data analysis was based on baseline data from the
Korean Longitudinal Study of Aging (KLoSA, 2006) and the Japanese Study of
Aging and Retirement (JSTAR, 2007&2009).

Participants: Responders aged 45 years old who worked at baseline in
KLoSA (N=3,478) or in JSTAR (N=1,504) without missing data were included
in the analytical sample.

Main outcome measures: This study used logistic regression and multinomial
logistic regression to investigate the association between work stress
represented by the short version of the effort-reward imbalance (ERI) model
and smoking (binary current smoking) and drinking (categorical volume of
alcohol). In addition, socioeconomic and work-related characteristics were
taken into consideration. Moreover, this research additionally examined the
potential interaction between ERI and gender.

Results: Effort-reward ratio were significantly associated with smoking and
drinking in the Korean analysis (N=3,478). After the model was fully adjusted,

2
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the OR (95% CI) were 1.45 (1.17-1.80) and 1.44 (1.09-1.90), respectively. In
Japan (N=1,504), the effort-reward ratio was associated with smoking (OR
1.37 (1.01-1.89)); however, ERI was not associated with drinking. No
statistically significant interaction was found between ERI and gender in all
models (p value of 0.82 in Korea and 0.19 in Japan).

Conclusions: The results of this study showed that work stress was
statistically significantly associated with both health behaviours in the Korean
sample and with smoking in Japan. These results potentially suggest that
government could integrate the effort-reward-balance programmes and health
promotion programmes to promote population health in these two Asian

countries effectively.
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Strengths and limitations of this study

This research is the first study to use the ERI model to analyse
work-related stress and health behaviours in Korea and Japan
simultaneously.

This study acquired baseline data from two reliable organisations (KEIS
and RIETI), which provided a representative sample in Korea and Japan.
The target population of this study is people aged 45 or older, who were
sensitive to experiencing work stress and their health behaviours also
need more attention.

The limitation of this study is that the results may influence by recall bias
since both datasets consisted of self-reporting questions.

We were not able to test the effect of residual confounding from other risk
factors like drinking subcultures due to the data limitations of the two

datasets.
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INTRODUCTION

In the last few decades, many public health studies have highlighted the
necessity of studying unhealthy behaviours such as smoking, drinking, poor
diet and sedentary lifestyles.[1,2] Scholars have observed that smoking, binge
drinking, less exercise and poor diet contribute significantly to the high level of
morbidity and mortality witnessed in both developed and developing
countries.[1,3-4] Some risk factors, such as work stress, associated with
unhealthy behaviours have not been studied extensively in the past.[5,6] Even
though moderate work stress can motivate people to become more productive,
excessive or unmanageable stress may increase their risks of unhealthy
behaviours.[7] Research has even shown that when people are not satisfied
with their work or do not receive the desired rewards for their efforts, they are
more likely to experience work stress.[7] According to the stress-coping theory
proposed by Lazarus and Folkman (1984) that individual responds to threat
situations depending on primary appraisal and secondary appraisal. [8]
Primary appraisal focused on the process of assessing potential threats posed
by stressors, while secondary appraisal mainly aims to find solutions for
preventing or reducing the harm from stress. [8] Therefore, health behaviours
may play an important role in the secondary appraisal process.[8] It is
plausible for this study to assume a possible link between work stress and

5
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health behaviours.

Two models for work stress evaluation

Two models that are widely used in many epidemiological studies to evaluate
the level of work stress include Karasek’s Job Demand-Control (JDC)
model[9-11] and Siegrist’s Effort-Reward Imbalance (ERI) model[12—-15]. The
JDC model measures the magnitude of work-related stress from job demand
and job control dimensions.[16] The model postulates that the most stressed
people are those with high job demands combined with low work
control.[17,18] However, at the core of the ERI model, there is the principle of
the work contract and social reciprocity.[15] This model predicts that the
combination of high efforts and low rewards would significantly increase

negative emotions and may lead to a high level of work stress.[19]

Reasons for studying the association between work stress and health
behaviours in Korea and Japan

Previous research has indicated that health behaviours are likely to be
associated with chronic and cardiovascular diseases.[16] In addition, most of
the existing studies have focused on European and North American countries,
and only a few have examined the association between job stress and health

behaviours in East Asian countries.[1,5]
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A research utilised the ERI model to examine the relationship between work
stress and smoking and found that highly stressed people were more likely to
smoke.[2] Another US study, using the job strain model, produced a similar
result and concluded that high strain jobs were positively associated with
smoking intensity.[17] In terms of drinking, Siegrist and Rddel, in their
meta-analysis of 18 articles, investigated the association between work-related
stress and alcohol consumption.[6] They indicated that most of the existing
articles have used the JDC model to evaluate work stress, while few articles
have used the ERI model. [6] Although previous study failed to determine the
association between work-related stress and drinking [20], some European
studies found that work-related stress contributed to chronic heavy drinking
and alcohol addiction.[18,21-22]

Middle-aged and older workers in the Asian region are particularly
vulnerable to work-related stress.[23,24] Meanwhile, Korea, Japan and other
East Asian countries have longer working hours than western countries.[23] In
2007, the average working hours in Korea exceeded 2300, which is the
highest among OECD member countries.[25] Japan has a similar situation and
Okamoto (2019) mentioned that about 30% of male and 10% of female
Japanese workers have long working hours in 2015.[26] Although the
governmental minister in Japan has introduced a criterion to limit overtime
work, no punishment has been made.[26] Because of this and lack of relevant
policies and welfare systems guaranteeing the rights of employees in Asia, it is

7
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predicted that work-related stress might have a more serious impact on
employees in East Asian countries than in Western countries.[23,24]

Two developed countries with similar economic development patterns,
Japan and Korea, have witnessed an increased rate of work-related deaths in
the last three decades.[27,28] Since the early 1990s, the sudden death due to
heavy workload became common in both countries.[23] Scholars mentioned in
their study that East Asian people may have a similar pattern of stress
coping.[24] Thus, investigating the factors associated with health behaviours
and work stress could provide valuable information for designing appropriate
public health strategies. Meanwhile, it may also provide experience for other
countries that also face increasing work stress problems.

In Korea and Japan, evidence from the analysis of the relationships between
work-related stress and health behaviours is limited.[29,30] Kawakami and
Haratani pointed out that compared to some European countries, Japanese
people felt less satisfied with their jobs, thereby making them vulnerable to
work-related stress.[31] In a Korean cohort study, job security was negatively
associated with smoking status among people aged 20-59.[32] Similarly, in a
cross-sectional study conducted in Japan, a considerable number of nurses
with high job strains depended on heavy smoking.[30]

Additionally, Japan and South Korea have some similarities when exploring
the association between work stress and healthy behaviour; however, no
literature has compared the two countries simultaneously. Several Japanese

8
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and Korean studies found that a gender difference might exist in the
association between work stress and various health outcomes.[2,29,31,33]
Lack of intrinsic work rewards and uncertainty about the future contributed to
unhealthy behaviours more seriously in males than in females.[33,34]
Moreover, previous studies also found that age, gender, education level,
marital status, occupational grade, socioeconomic status and working time
might be covariates that need to be controlled for when studying the
relationship between work-related stress and health behaviours in Korea and

Japan.[2,31,32,35]

Research gaps in work stress and health behaviours

In summary, past Japanese and Korean work-stress research focused on the
relationship between work-related stress and individual health behaviours in
some specific occupations, but they had yet to look at several health
behaviours in the same analysis in general population samples.[2,30,31] Thus,
this paper focuses on the association between work stress and two unhealthy
behaviours, current smoking status and heavy alcohol consumption, in Korea
and Japan by using two well-known ageing datasets, the Korean Longitudinal
Study of Aging (KLoSA) and Japanese Study of Aging and Retirement
(JSTAR).[6,36] To focus on a potentially vulnerable population, the target
population of this research is middle-aged and older workers aged 45 years
and older in Korea and Japan.[37] The short form of ERI used in the KLoSA

9
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and JSTAR datasets, previously used and partially validated by Siegrist et al,
will be used to measure the ERI model.[13,37,38]

The study has three objectives: (1) to examine the association between ERI
and health behaviours in KLoSA and JSTAR, (2) to investigate the potential
interactions between ERI and gender, and (3) to compare results from Korea

and Japan and to identify any potential differences in findings.

METHODS

Study design

The KLoSA and JSTAR databases are public data with open access.[36,39]
The KLoSA study was based on the random selection of men and women
aged 45-98 in South Korea, excluding Jeju Island. The baseline data were
obtained in 2006, and Computer Assisted Personal Interviewing (CAPI) was
employed to ask questions related to work stress and health behaviours.
Because of the large number of missing outcome variables in the follow-up
waves, it was decided that this study would focus on cross-sectional analysis
using 2006 data (wave1).

The JSTAR survey was conducted by the Research Institute of Economy,
Trade and Industry Trade and Industry (RIETI), Hitotsubashi University, and
the University of Tokyo.[36] This survey focused on men and women aged
50-78 in 2007. According to the JSTAR first results report, the data quality was
evaluated by comparing the JSTAR database with the 2005 Japanese census

10
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data. JSTAR has a high response rate in terms of the Japanese standard,
however, JSTAR datasets have various limitations, such as changing the
questionnaire between waves.[36] Because of this, some variables are
missing in different waves. Siegrist et al. pointed out that JSTAR data were not
of enough quality for the longitudinal analysis of work stress, as many people
dropped out in later waves.[13] Hence, this project uses the baseline JSTAR
data to perform cross-sectional analyses. The data from 5 cities (Adachi,
Kanazawa, Shirakawa, Sendai, and Takikawa) were collected in 2007, with an
additional two cities (Tosi and Naha) obtained in 2009.

Overall, as KLoSA is a much larger study and past literature suggests that it
is of better quality than JSTAR.[36,39] the present study will mainly focus on
Korean results. Japanese results will then be compared with Korean results.
Both studies were approved by relevant ethical committees in both countries,

and all participants signed informed consent for participation in the study.

Study sample

Figures 1 and 2 present the analytical sample selection in this study.
Responders who worked at wave1 in KLoSA (N=3,478) orin JSTAR (N=1,504)
without missing data were included in the analytical sample. A total of 482
participants were excluded from the analysis due to missing data, which
accounted for 12.2% of the total workers in the Korean baseline sample.
According to the same inclusion and exclusion criteria, approximately 53.5%

11
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(N=1,504) of responders could be used from a Japanese sample. In summary,
nearly 87.8% of the Korean eligible sample was analysed, while only
approximately half of the eligible Japanese sample was included in the
analysis. In order to test whether the potential bias caused by the missing
values would influence the results, this study applied multiple imputation (MI)
method for both datasets. The samples after imputation account for 91.24% of
KLoSA (N=3613) and 81.59% of JSTAR (N=2292) respectively.

(please put Figure 1 here)

(please put Figure 2 here)

Patient and Public Involvement

No patient involved

MEASUREMENTS

ERI evaluation

The ERI, the exposure of this project, was measured with three questions in
KLoSA and six questions in JSTAR. The original ERI questionnaire consists of
17 items, 6 of which measure “efforts”, and the remaining items measure
‘rewards”.[40] Because of the limitations of the existing data, only one item is
available for evaluating the effort dimension, while two items are available for
assessing the reward dimension (“ERI [1+2]”) in Korea. In Japan, two and four
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questions were used to measure “efforts” and “rewards” (“ERI [2+4]"),
respectively. In 2012, Siegrist et al. demonstrated in their study that the short
version and the long version of the ERI model had similar properties.[13]
Hence, the results from the analysis using the ERI (1+2) model will be directly
comparable between KLoSA and JSTAR samples. Meanwhile, this project
used the ERI (2+4) model in a Japanese sample to carry out the sensitivity
analysis. [40]

Each item in the model was answered using a 4-point Likert scale. Higher
scores indicate higher efforts, while lower scores reflect more work-related
stress caused by lower occupational rewards. [40] The ER ratio is calculated
by adding the score of the effort and then dividing the value by the total score
of reward, adjusted for the different number of items (correction factor), which
is 0.5 in the three-item ERI model and six-item ERI model. Then, the
categorical ERI is obtained by dividing continuous ERI into tertiles.[13]
Individual questions available in both datasets are shown in Table 1, with

questions requiring reverse scoring marked with an asterisk.
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Table 1 Questions related to ERI measurement

KLoSA JSTAR

*My job requires lots of *My current job involves physical labour.
physical effort.

Effort N/A *I have a lot of work and always feel time
pressure.
*| feel my job is secure. Do you think it is likely that you could lose your
current job for a reason other than retirement?
*| am satisfied with *Considering the effort | put in and the results |
Reward current wage. produce, | am satisfied with my current pay.
N/A *| receive appropriate evaluation on my work
from co-workers.
N/A *When | have problems Doing my work,

colleagues give me advice and help me.

* Reverse coding

Health behaviours

The main focus of the paper in terms of health behaviours is current smoking
and drinking status. Used as a binary outcome in Korea, smoking was
assessed by the question “Do you smoke cigarettes now?” Participants who
answered “yes” to the question were classified as current smokers, and those
whose response was “No” were considered non-smokers. In Japan,
participants were asked, “Do you regularly use tobacco, or did you use it in the

past?” Participants were given three options: (1) Yes, | smoke now; (2) |
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smoked in the past, but | have quit; (3) No, | have never smoked regularly. To
ensure comparability between the two countries and considering this paper
mainly studies the current smoking situation, participants who chose Option (1)
were regarded as current smokers, and those who selected (2) or (3) were
classified as current non-smokers.

Drinking was used as a categorical outcome in the analysis. First, the
weekly alcohol consumption was calculated by multiplying the weekly drinking
frequency of different drinks by their alcohol content. Next, according to the
criteria of different drinking levels among men and women, this research
classified individuals in Korea and Japan into three groups: non-drinkers,
moderate drinkers, and heavy drinkers.[31] Males who drank between 0~210 g
alcohol per week (g/wk) were considered moderate drinkers, and those who
consumed more than 210 g/wk were regarded as heavy drinkers. Similarly,
females who drank approximately 0~140 g/wk and more than 140 g/wk were

considered moderate drinkers and heavy drinkers, respectively.[41]

Covariates

All available covariates were categorised as demographic, social and
socioeconomic, and work-related characteristics. The demographic variables
included age and gender. Age was divided into 5-year age groups. The social
variables included education and marital status. In each country, education
was classified into four categories. Marital status was classified into five
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categories (married, separated, divorced, widowed, and never married) in
Korea but was only available in two categories (married/not married) in Japan.
The work-related variables refer to the working position and weekly working
hours. In both countries, the working position was classified as non-supervisor,
supervisor and self-employed. Participants were asked “How many hours do

you work per week on average?” to estimate weekly working hours.

Analytical strategy

This study employed the number (%) and mean (SD) for all variables of
interest to describe the characteristics of the analytical sample. The
associations between exposure (categorical ER-ratio) and outcomes (smoking
and drinking) were examined in both countries separately. Given that smoking
is a binary variable, logistic regression was used to explore the relationship
between ERI and the prevalence of smoking, and odds ratios (ORs) were
estimated. Multinomial logistic regression were used to evaluate the
association between ERI and drinking. In both analyses, the associations
between ERI and two outcomes were analysed in the same order of
adjustment. For all the analyses, four adjusted models were fitted: (Model 1)
adjusted for age; (Model 2) Model 1 + gender; (Model 3) Model 2 + education,
marital status; and (Model 4) Model 3 + working position, working hours.
Moreover, on the basis of model 4, this study used the samples after
imputation for the additional analysis and presented results in Model 5.

16

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

BMJ Open

To compare the KLoSA and JSTAR datasets, the analytical process of
JSTAR had the same sequence of adjustments of the covariates as it did in
Korea. As more ERI-related questions were available in JSTAR, this study
used a shorter version (ERI 1+2, same as in Korea) to make available
comparisons and a longer version of the ERI model (2+4) to perform the
sensitivity analysis. Additionally, this study also used ERI as a continuous
variable in the sensitivity analysis since the arbitrariness of setting thresholds
might exist in the categorical ERI variable.

Considering that differences might be observed in the healthy behaviours of
men and women, likelihood-ratio tests were performed to examine the
interactions between ERI and gender. The goodness of fit indices of the
regression models, including and excluding the corresponding interaction
terms, were compared. (Supplementary Table 1 and Supplementary Table 2).

All the analyses mentioned above were conducted in STATA 16-MP.

RESULTS

Characteristics of samples in Korea and Japan

Table 2 describes both analytical samples. The mean age of respondents in
the Korean sample was 55.6 years (SD=8.3 years), while that of the Japanese
sample was 59.2 years (SD=6.1 years). More than half of the participants had
at least a high school education in both Korea (53.3%) and Japan (70.1%). A
large proportion of subjects (Korea 88.6%, Japan 83.4%) were married. In both
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samples, men (Korea 15.6%, Japan 8.8%) have a larger proportion in the
supervisory working position than women (Korea 3.0%, Japan 2.9%).

The prevalence of smoking was 32.2% in Korea and 30.7% in Japan. In both
countries, the prevalence of smoking was higher among men (Korea: 44.5%;
Japan: 39.9%) than among women (Korea: 3.6%; Japan: 13.7%). While the
prevalence of male heavy drinkers was 21.1% in Korea and 43.0% in Japan, it

was 3.2% in Korea and 12.9% in Japan among women.
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Table 2 Characteristics of the cross-sectional sample in Korea and Japan

. Korea Japan
Variables Number(%) Number(%)
Sample 3,478 1,504
Age
years mean (SD) 55.6(8.3) 59.2(6.1)
45-49years 1,055(30.3) N/A
50-54years 787(22.6) 392(26.1)
55-59years 596(17.1) 513(34.1)
60-64years 444(12.8) 296(19.7)
65-69years 358(10.3) 191(12.7)
>70years 238(6.8) 112(7.5)
Gender
male 2,431(69.9) 977(65.0)
female 1,047(30.1) 527(35.0)
Education
elementary 988(28.4)
middle 635(18.3) 330(21.9)
vocational school N/A 120(8.0)
high 1,281(36.8) 715(47.5)
college/university 574(16.5) 339(22.5)
Marital status
married 3,080(88.6) 1,255(83.4)
separated 36(1.0) N/A
divorced 90(2.6) N/A
widowed 238(6.8) N/A
never married 34(1.00) 249(16.6)
Working position
non-supervisor 1,366(39.3) 994(66.1)
supervisor 409(11.8) 101(6.7)
self-employed 1,703(49.0) 409(27.2)
Working hour
hours per week(SD) 48.5(18.3) 41.7(16.4)
Location
Seoul 536(15.4) N/A
other places 2,942(84.6) N/A
ERI(1+2) 3,478 1,504
lowest tertile 1,611(46.3) 543(36.1)
middle tertile 1,001(28.8) 579(38.5)
upper tertile(ERI) 866(24.9) 382(25.4)
ERI(2+4) N/A 1,504
lowest tertile N/A 559(37.2)
middle tertile N/A 447(29.7)
upper tertile(ERI) N/A 498(33.1)
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Smoking
no 2,359(67.8) 1,042(69.3)
yes 1,119(32.2) 462(30.7)
Drinking
grams per week(SD) 201.7(289.2) 169.7(242.5)
never 1,490(42.8) 553(36.8)
moderate 1,441(41.4) 460(30.6)
heavy 547(15.7) 491(32.7)

Evaluation of potential gender effect modification

In terms of the association between ERI and smoking, no statistically
significant interactions by gender were found after adjusting for age, education
and marital status, work position and weekly working hours constant (p>0.05).
The p values for the likelihood-ratio tests were 0.20 and 0.82 in Korea and
Japan, respectively. For drinking, after adjusting all the covariates, no
statistically significant interaction was found; the p value was 0.82 in Korea
and 0.19 in Japan. The complete results of gender-specific analyses were
shown in Supplementary Table 1 and Supplementary Table 2. Although there
was no statistically significant gender interaction, the results were different
between men and women; for example, in Korea, the associations between

work stress and health behaviours were much stronger in male than female.

ERI and health behaviours in Korea
Based on KLoSA dataset (2007), the results of different adjusted models for

smoking and drinking are presented in Table 3.
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Smoking

As shown in Table 3, all the results were statistically significant (p<0.05)
among people who experienced the highest level of work stress (T3-high effort
and low reward) compared to T1. After adjusting for age (Model 1), the OR
(95% CI) represents the ERI effect estimates on smoking behaviour, where the
OR of upper ERI was 1.45 (1.22-1.73). A considerable change in the effect
estimates of the upper ERI group was observed after adjusting for gender
(Model 2), and the OR (95% CI) was 1.81 (1.49-2.20). Further adjustment for
social and work-related covariates reduced the effects of work stress but

remained statistically significant (Models 3 and 4).

Drinking
The effect estimates of ERI on drinking are presented in the bottom part of
Table 3. When comparing moderate-alcohol consumers to non-alcohol
consumers, it was found that the OR (95% CI) of upper ERI compared to low
ERI was 1.15 (0.93-1.42) in fully adjusted Model 4, although this association
was not statistically significant (p>0.05). Statistically significant results were
obtained when examining the association between the upper tertile of ERI and
heavy drinking. The OR (95%CI) in Model 4 was 1.44 (1.09-1.90). Additionally,
gender takes major accounts for the largest change in ORs in Model 2.

In addition, place of residence was taken into consideration. Participants
were classified as living in the capital Seoul or elsewhere. The effect estimates
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of ERI did not change when the residence variable was added into the
regression models. The result of the likelihood ratio test showed that residence
did not play a role in the association between ERI and smoking or between
ERI and drinking when comparing the model with and without residence
variable, as the p-values were 0.30 in Korea and 0.87 in Japan, respectively.

In model 5, after imputed missing values, the association between work
stress and health behaviours presented similar results to the model which
dropped missing values. In Korea, ERI| was significantly associated with
current smoking and heavy drinking behaviours with the OR (95%CI) were

1.51(1.22-1.86) and 1.29(1.05-1.59) respectively.
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Table 3 ORs (95% CI) of the association between ERI (1+2) and current smoking and alcohokdrinking in Korea

Korea Model1 Model2 Model3 Model4 N Model5

ERI(tertiles) OR(95%Cl) p value OR(95%Cl) p value OR(95%Cl) p value OR(95%Cl) p valug OR(95%Cl) p value
Smoking %
T1(reference) 1.00 1.00 1.00 1.00 g 1.00
T2(middle) 1.07(0.90,1.27) 0.42 1.38(1.14,1.67) 0.001 1.23(1.01,1.50) 0.04 1.21(0.99,1.48) 0.06 B 1.25(1.02,1.52) 0.03
T3(upper-ERI) 1.45(1.22,1.73)  <0.001 1.81(1.49,2.20)  <0.001 1.48(1.20,1.83)  <0.001 1.45(1.17,1.80) 0.001g 1.51(1.22,1.86)  <0.001
p for linear trend <0.001 <0.001 <0.001 0.0015 <0.001
Drinking EJ;J_
non-drinker 1.00 1.00 1.00 1.00 g 1.00
moderate drinker §
T1(reference) 1.00 1.00 1.00 1.00 =y 1.00
T2(middle) 0.83(0.70,0.99) 0.04 0.99(0.82,1.19) 0.88 0.99(0.81,1.19) 0.88 1.00(0.83,1.22) O.QSE 1.26(0.87,1.83) 0.23
T3(upper-ERI) 0.96(0.80,1.16) 0.69 1.11(0.91,1.36) 0.29 1.11(0.90,1.37) 0.32 1.15(0.93,1.42) 0.21 g 1.20(0.80,1.81) 0.38
p for linear trend 0.45 0.34 0.36 0.24% 0.34
heavy drinker ;
T1(reference) 1.00 1.00 1.00 1.00 § 1.00
T2(middle) 0.81(0.63,1.03) 0.08 1.01(0.78,1.31) 0.92 0.96(0.73,1.25) 0.75 0.94(0.72,1.23) 0.66% 0.97(0.80,1.18) 0.79
T3(upper-ERI) 1.32(1.04,1.67) 0.02 1.60(1.24,2.07)  <0.001 1.45(1.10,1.91) 0.008 1.44(1.09,1.90) 0.01o 1.29(1.05,1.59) 0.02
p for linear trend 0.07 0.001 0.01 o.ozg 0.03

N

3478

3478

3478

3478

3613

Model1:Adjusted for age
Model2:Model1+gender

Model3:Model2+education, marital status

Model4:Model3+working position, working hours
Model5:Fully adjusted model(after MI)

1ybuAdoa Aq paroalold 1senb Aq 20z
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ERI and health behaviours in Japan

In the ERI (1+2) model, the higher ERI group had a higher proportion of
smoking individuals among Japanese people. Compared to the lowest tertile
ERI group, the proportion of heavy drinkers in the upper tertile ERI group

(31.1%) was slightly lower than the lowest tertile ERI group (35.3%).

Smoking

Table 4 shows the relationship between ERI and current smoking and alcohol
drinking behaviours in Japan. To compare the results from Japan and Korea,
the results also using the ERI (1+2) evaluation. The ORs (95% CI) of smoking
for the upper tertile versus the lowest tertile of ER ratio were 1.50 (1.13-2.00)
when adjusted for age (Model 1) and 1.56 (1.16-2.10) when additionally
adjusted for gender (Model 2). The magnitude and strength of the association
decreased when additionally adjusted for education and marital status. ERI
remained associated with smoking in a similar way as in KLoSA. Moreover, the
imputed Japanese sample present a stronger association between job stress
and smoking after adjusted for all the covariates in Model 5.

Drinking

According to Table 4, the relationship between ERI categorised into tertiles
and drinking in Japan was different from the trend seen in Korea. When
comparing people in different ERI groups, people with higher work stress were
less likely to drink. Moreover, when adjusted for additional covariates, work
stress was not statistically associated with heavy drinking behaviour and the
effect estimates of ERI on drinking did not change much (Model 3 and Model
4) even used the imputed data sample (Model 5).
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Table 4 ORs (95% CI) of the association between ERI (1+2) and current smoking and alcohokdrinking in Japan

Japan Model1 Model2 Model3 Mode% Model5
ERI (tertiles) OR(95%CI) p value OR(95%Cl) p value OR(95%Cl) OR(95%Cl) OR(95%CIl) > pvalue OR(95%Cl) p value
Smoking(1+2) =
T1(reference) 1.00 1.00 1.00 1.004 1.00
T2(middle) 1.31(1.01,1.70) 0.05 1.42(1.08,1.87) 0.01 1.33(1.01,1.75) 0.04 1.32(1.00,1 .75)§ 0.05 1.27(1.00,1.61) 0.05
T3(upper-ERI) 1.50(1.13,2.00) 0.005 1.56(1.16,2.10) 0.004 1.36(1.00,1.85) 0.05 1.37(1.01,1.89)D  0.05 1.41(1.09,1.82) 0.01
p for linear trend 0.004 0.003 0.04 9 0.04 0.01
Drinking(1+2) S
Non-drinker 1.00 1.00 1.00 1'0053_, 1.00
moderate drinker o
T1(reference) 1.00 1.00 1.00 1.00& 1.00
T2(middle) 0.74(0.55,0.99) 0.04 0.74(0.55,1.00) 0.05 0.77(0.56,1.04) 0.09 0.76(0.56,1 .o4)g 0.08 0.87(0.68,1.12) 0.29
T3(upper-ERI) 0.90(0.65,1.24) 0.50 0.85(0.61,1.18) 0.33 0.92(0.65,1.30) 0.63 0.91(0.64,1.29)Z.  0.59 1.02(0.78,1.34) 0.89
p for linear trend 0.40 0.26 0.53 g 0.50 0.93
heavy drinker =
T1(reference) 1.00 1.00 1.00 1.003 1.00
T2(middle) 0.71(0.54,0.94) 0.02 0.71(0.52,0.97) 0.03 0.71(0.52,0.97) 0.03 0.71(0.52,0.97)% 0.03 0.79(0.61,1.03) 0.08
T3(upper-ERI) 0.78(0.57,1.07) 0.12 0.72(0.51,1.02) 0.07 0.71(0.49,1.01) 0.06 0.71(0.50,1.02)  0.07 0.76(0.57,1.02) 0.07
p for linear trend 0.08 0.05 0.04 g 0.05 0.06
N 1504 1504 1504 1504 2292

Model1:Adjusted for age 3
Model2:Model1+gender 9
Model3:Model2+education, marital status z
Model4:Model3+working position, working hours =
Model5:Fully adjusted model(after MI) L
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Sensitivity analysis

The results of sensitivity analysis are shown in Table 5 and Table 6. In Table 5,
using the ERI (2+4) model, the prevalence of smoking was the highest in the
middle tertile. No statistically significant differences between the top and
bottom ERI tertiles were found when the ERI (2+4) was used (Model 4).
However, the association between ERI(2+4) and smoking was found in the
data imputed model 5, which was consistent with the results of the ERI(1+2)
model. The OR of smoking was significantly increased in the middle ER ratio
group (Model1-4).

In terms of drinking, the results of ERI (1+2) and ERI (2+4) evaluation
presented a similar trend among moderate drinkers. Additionally, the ER ratios
of the upper tertile (T3) in both ERI measurements had the widest range from
1.14 to 4 and from 0.93 to 3.20, respectively. The characteristics of the
drinking prevalence of the ERI (2+4) version were similar to those of the ERI
(1+2) version. Meanwhile, when comparing the imputed (Model 5) and
unimputed model (Model 4), the associations between ERI and heavy drinking
behaviours were consistent. Because the Japanese female data might not be
reliable, this study also tested the gender-specific association between ERI
and health behaviours (Supplementary Table 1 and Supplementary Table
2).[19]

In Table 6, when considered ERI as a continues variable, similar results
were found. There was a statistically significant association between stress
and smoking in both countries. No association was found between job stress

and drinking in Japan.
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Table 5 ORs (95% CI) of the association between ERI (2+4) and current smoking and alcoholgdrinking in Japan

Japan Model1 Model2 Model3 Modé?l Model5
ERI (tertiles) OR(95%ClI) P value OR(95%Cl) p value OR(95%Cl) p value OR(95%Cl) § p value OR(95%Cl) p value

Smoking(2+4) N
T1(reference) 1.00 1.00 1.00 1.0%13 1.00
T2(middle) 1.49(1.13,1.96)  0.004 1.71(1.28,2.28)  <0.001 1.62(1.21,2.17)  0.001 1.59(1.18,2.1 0.002 1.33(1.05,1.68) 0.02
T3(upper-ERI) 1.30(0.99,1.70) 0.05 1.31(0.99,1.73)  0.06 1.21(0.91,1.61) 0.19 1.17(0.87,1.5@_ 0.29 1.40(1.08,1.82) 0.01
p for linear trend 0.05 0.05 0.19 ® 0.29 0.01
Drinking(2+4) )
moderate drinker i
T1(reference) 1.00 1.00 1.00 1.08 1.00
T2(middle) 0.79(0.58,1.07) 0.13 0.83(0.60,1.14)  0.26 0.84(0.60,1.16) 0.28 0.85(0.61,1.1§ 0.32 1.02(0.80,1.31) 0.86
T3(upper-ERI) 0.89(0.66,1.20) 0.45 0.84(0.62,1.15) 0.28 0.87(0.64,1.20) 0.41 0.89(0.64,1.28 0.47 0.99(0.75,1.31) 0.94
p for linear trend 0.44 0.27 0.40 g 047 0.96
heavy drinker g
T1(reference) 1.00 1.00 1.00 1.08 1.00
T2(middle) 0.75(0.56,1.02) 0.07 0.82(0.59,1.14) 0.24 0.80(0.57,1.11) 0.18 0.80(0.57,1.18.  0.19 0.85(0.66,1.10) 0.23

(@]
T3(upper-ERI) 0.78(0.58,1.05) 0.10 0.72(0.52,0.99) 0.05 0.71(0.51,0.97) 0.04 0.71(0.51,0.993.7> 0.04 0.72(0.53,0.97) 0.03
p for linear trend 0.09 0.04 0.04 ] 0.04 0.03

N 1504 1504 1504 15040 2292

Model1:Adjusted for age §
Model2:Model1+gender S
Model3:Model2+education, marital status g
Model4:Model3+working position, working hours ‘:ED
Model5:Fully adjusted model(after MI) @
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Table 6 ORs (95% CI) of the association between ERI (continues) and current smoking and afcohol drinking

Model1 Model2 Model3 N Model4
ERI(continues) OR(95%Cl) P value OR(95%Cl) p value OR(95%Cl) p v?ue OR(95%Cl) p value

Korea %
Smoking 1.23(1.12,1.35) <0.001 1.40(1.26,1.56) <0.001 1.26(1.12,1.41) <0;§m 1.24(1.11,1.39) <0.001
Drinking N
moderate drinker 0.94(0.77,1.16) 0.57 1.05(0.85,1.30) 0.64 0.99(0.79,1.24) 0.82 1.00(0.80,1.25) 0.98
heavy drinker 1.00(0.91,1.11) 0.92 1.11(0.99,1.24) 0.07 1.07(0.96,1.21) 0%2 1.10(0.98,1.23) 0.12
Japan (1+2) s

(o}
Smoking 1.32(1.12,1.54) 0.001 1.32(1.12,1.56) 0.001 1.21(1.03,1.45) 083 1.23(1.03,1.46) 0.02
Drinking )
moderate drinker 1.05(0.88,1.25) 0.58 1.01(0.84,1.21) 0.91 1.06(0.88,1.28) 035 1.05(0.87,1.27) 0.60
heavy drinker 0.92(0.76,1.11) 0.38 0.87(0.72,1.07) 0.19 0.86(0.70,1.06) 0d7 0.87(0.71,1.08) 0.21
Model1:Adjusted for age c;r
Model2:Model1+gender =
Model3:Model2+education, marital status }E
Model4:Model3+working position, working hours 5
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DISCUSSION

Main findings and comparison with previous studies

The results indicate that a higher ERI level was positively associated with a
higher prevalence of smoking and heavy drinking among Korean workers.
Moreover, it was also found that work-related stress was positively associated
with smoking among Japanese people. ERI was, however, negatively
associated with drinking in Japan. The Japanese results for alcohol
consumption contradict some previous studies.[42—45] This might be because
of the report bias and selection bias. Nonetheless, the effect estimates and
direction of ERI were consistent with the results from previous research in
non-Asian regions.[46,47] Moreover, the results from Japan also provide some
evidence for the validity of the short version of the ERI. In both analyses of
JSTAR, the results using ERI (1+2) and ERI (2+4) are mostly but not entirely
similar.

This study also used the likelihood-ratio test to explore the potential
interaction between ERI and gender factors. No gender interaction was found
in Korea or Japan. However, the associations between ERI and health
behaviours were significant among only men. This may be because only a few
women in both datasets were smokers or heavy drinkers. In any case, this
result was consistent with a previous US study that gender was not an effect
modifier in the relationship between work-related stress and health
behaviours.[48] Contrary to most previous observational and experimental
studies conducted in Western countries.[12] This study found that work-related
stress might be a protective factor against heavy drinking among Japanese

workers and that this type of stress was not statistically significantly associated
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with the outcomes among Japanese females. People with the highest ERI
levels had low odds (OR<1) of becoming heavy drinkers in Japan. Moreover,
no significant association existed between work stress and drinking by
comparing moderate drinkers to non-drinkers in Japan. In Japan and Korea,
the association between work-related stress and drinking was not similar. The
following explanations account for the different results in Japan. First,
occupational drinking subculture could contribute to job stress. The purpose of
socialisation and career development could also make individuals more or less
prone to heavy drinking.[49] In several Asian countries, such as Japan,
drinking alcohol is considered an essential way of engaging in social
interactions.[45,50,51] The difference in drinking patterns in both Japan and
Korea accounts for the disparity in the results. Most drinkers in Japan are
moderate drinkers, while those in Korea have a penchant to binge
drinking.[52-54] Hence, in Japan, the influence of drinking culture tends to be
greater than the impact of work-related stress. However, the subculture and
culture norms represent difficult elements to control in the analysis.[49] One
US study illustrated that even though work-related stress had more enormous
effects on males’ drinking behaviours than on females’ drinking behaviours,
the results were usually statistically significant. [48] With a sample size of
26,946 people, this US study could be used to detect the significant

association between stress and drinking.[48]

Strengths and limitations of this study
This study utilised the ERI model to evaluate work stress levels and used two
national based datasets to examine the association between work stress and
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health behaviours in Korea and Japan. Comparing to JDC model, ERI model
concentrated on personal component rather than job dimension.[55] In
previous research, only a few studies applied the ERI model to explore the
association between work stress and health behaviours.[19] Of those few
studies, only a small percentage focused on Asian countries. Acquired from
two reliable organisations (KEIS and RIETI), the baseline data of this study
were collected nationally. These data provided a representative sample in
Korea and a male sample group in Japan. Although the representation of
Japanese females was not very good, it has been previously stated that
JSTAR provides more useful information than other existing female-based
studies because many other existing studies were based on only a limited
geographic area or a specific occupation or age group.[54,56-58]

This study fills the gaps in the research regarding the association between
Asian workers’ stress and health behaviours. Moreover, the study sample in
this project comprised the middle-aged and older adults over 45 years old, who
were more sensitive to the experience of work-related stress than younger
people.[59] Multinomial logistic regression was applied in this project to
explore the association between work stress and health behaviours, thereby
providing a better way to control various potential confounders simultaneously.

However, the results of this study still have several limitations. One limitation
is the small sample size of JSTAR after the selection process with the inclusion
and exclusion criteria and due to the data limitation sampling weights were not
calculated in the study. Another limitation is the methodological considerations.
Due to the self-reporting questions nature, the results could be influenced by
reporting/recall bias.[60] The recall bias indicates that variation in personal
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response tendencies existed but was difficult to control.[61] Apart from the
possibility of causing outcome misclassification, it is highly likely that the effect
estimates of work-related stress on smoking and drinking becomes
underestimated.[62,63]

The third limitation is that the effect of residual confounding from other risk
factors, for example, drinking subcultures was not taken into account because
of the data limitations of the two datasets.[43] It might influence the association
between stress and health behaviours, a behavioural pattern that may lead to
under-estimation or over-estimation of the real ORs of the
association.[46,64,65] Moreover, this study could not explore the causality
between work stress and health behaviours since the cross-sectional study

design.

Suggestion for further research
In future research, it is pertinent to identify other datasets in Korea and Japan,
evaluate associations to see whether results are consistent within national
boundaries, and investigate whether any study has better alcohol data of
drinking patterns to test the ERI-drinking association.

Furthermore, longitudinal studies based on a larger sample size are
recommended by taking more possible confounders under control to explore
the causality and clarify the relationship between work-related stress and

health behaviours.

CONCLUSION

Overall, after accounting for available covariates, it was found that a higher
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work stress expressed by the ERI (1+2) version was positively associated with
a higher prevalence of smoking and heavy drinking among senior workers over
45 years old in Korea but was negatively associated with the prevalence of
heavy drinking in Japan. The results also indicated that the effects of work
stress were not significantly modified by gender. Moreover, the ERI-smoking
association was similar in Korea and Japan. The ERI-drinking association,
however, was different in these two countries. This may because work stress
was a risk factor in Korea but a protective factor in Japan. Based on these
findings, this paper recommends that governments enhance the balance
between extrinsic efforts and work rewards in Asian countries. Doing so may
improve the health behaviours, particularly smoking behaviour, of workers and

accelerate social and economic development.
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ABSTRACT

Objectives: Limited research has focused on the association between work
stress and health behaviors in Asian countries. We aimed to explore the effect
of work stress on two health behaviors among employees aged 45 years or
above in two countries with aging populations, Korea and Japan.

Design: A cross-sectional study.

Setting: This secondary data analysis was conducted on baseline data from
the Korean Longitudinal Study of Aging (KLoSA, 2006) and the Japanese
Study of Aging and Retirement (JSTAR, 2007 & 2009).

Participants: Included in the analytical sample were 4,982 responders without
missing data aged 45 years or older who reported work positions and hours
(KLoSA n=3,478, JSTAR n=1,504). .

Main outcome measures: Work stress was represented by the short version
of the effort-reward imbalance (ERI) model. We used logistic regression and
multinomial logistic regression to investigate the association between work
stress and smoking (binary current smoking) and between work stress and
drinking (categorical volume of alcohol). Socioeconomic and work-related
characteristics were taken into consideration, and we examined the potential
interaction between ERI and gender.

Results: Work stress as measured by ERI ratio was significantly associated
with both smoking and drinking in the KLoSA analysis; after the model was

2
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fully adjusted, ORs (95% CI) were 1.45 (1.17-1.80) and 1.44 (1.09-1.90),
respectively. In analysis of the data from JSTAR, the ERI ratio was associated
with smoking (OR 1.37 (1.01-1.89)) but not with drinking. No statistically
significant interaction was found between ERI and gender in any model
(p-value of 0.82 in KLoSA data and 0.19 in JSTAR data).

Conclusions: Statistically significant associations were found between work
stress and both smoking and drinking behaviors in Korea and between work
stress and smoking in Japan. Government integration of effort-reward-balance
programs and health promotion programs could effectively promote population

health in these two Asian countries.

Strengths and limitations of this study

* This study is the first to use the ERI model to analyze work-related stress
and health behaviors in Korea and Japan simultaneously.

* This study acquired baseline data from two reliable organizations (KEIS
and RIETI), which provided representative samples from Korea and
Japan.

* The results may be influenced by recall bias because both datasets
consisted of self-reported questions.

*  We were not able to test the effect of residual confounding, such as
drinking subcultures, on the association between work stress and health

behaviors due to the data limitations of the two datasets.
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INTRODUCTION

In the last few decades, many public health studies have highlighted the
necessity of studying unhealthy behaviors such as smoking, drinking, poor diet
and sedentary lifestyles.[1,2] Scholars have observed that smoking, binge
drinking, lack of exercise and poor diet contribute significantly to high levels of
morbidity and mortality in both developed and developing countries.[1,3-4]
Work stress as a potential risk factor associated with unhealthy behaviors has
not been studied extensively.[5,6] Moderate work stress can motivate people
to become more productive; however, excessive or unmanageable work stress
may increase the risk of unhealthy behaviors.[7] A theoretical framework for
the association between occupational stress and health behaviors can be
found in Lazarus and Folkman (1984), who found that individuals respond to
threatening events via primary and secondary appraisals.[8] While individuals
engage in “primary appraisal” to evaluate potential threats, they use
“secondary appraisal’” to identify opportunities to prevent or reduce the
detrimental consequences of stress.[8] We sought to examine whether health

behaviors play an important role in this secondary appraisal process.[8]

Two models for work stress evaluation
Work stress has been shown to result from dissatisfaction with work or from
lack of reward for work effort.[7] Two models widely used in many

4
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epidemiological studies to evaluate the level of work stress are Karasek’s Job
Demand-Control (JDC) model[9-11] and Siegrist's Effort-Reward Imbalance
(ERI) model[12-15]. The JDC model measures the magnitude of work-related
stress from job demand and job control dimensions.[16] The model postulates
that the most stressed people are those with high job demands combined with
low work control.[17,18] In contrast, the core of the ERI model is the principle
of the work contract and social reciprocity.[15] This model predicts that the
combination of high effort and low reward significantly increase negative

emotions and may lead to a high level of work stress.[19]

Reasons for studying the association between work stress and health
behaviors in Korea and Japan

Most studies that examined the association between job stress and health
behaviors have focused on European and North American countries, and only
a few have focused on East Asian countries.[1,5] For example, a study from
Finland adopted the ERI model to examine the relationship between work
stress and smoking and found that highly stressed people were more likely to
smoke.[2] A study from the United States, using the job strain model, produced
a similar result and concluded that high-stress jobs were positively associated
with smoking intensity.[17] In terms of drinking, Siegrist and Rddel, in their
meta-analysis of 18 articles, investigated from the perspective of a Western
lifestyle the association between work-related stress and alcohol

5
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consumption.[6] They indicated that most of the articles used the JDC model to
evaluate work stress, while few articles used the ERI model.[6] Although a
study from Norway failed to determine the association between work-related
stress and drinking,[20] some European studies found that work-related stress
contributed to chronic heavy drinking and alcohol addiction.[18,21-22]

Nevertheless, middle-aged and older workers in Asia have been shown to
be particularly vulnerable to work-related stress.[23,24] Further, Korea, Japan
and other East Asian countries have longer working hours than Western
countries.[23] In 2007, the average working hours in Korea exceeded 2300,
which is the highest among OECD member countries.[25] Japan has a similar
situation, and Okamoto (2019) mentioned that approximately 30% of male and
10% of female Japanese workers had long working hours in 2015.[26]
Although the governmental minister in Japan has introduced a criterion to limit
overtime work, no consequences have been established for overworking
situations.[26] Based on these facts and the lack of relevant policies and
welfare systems guaranteeing the rights of employees in Asia, it is predicted
that work-related stress might have a more serious impact on employees in
East Asian countries than in Western countries.[23,24]

It has been postulated that East Asian people of various countries may have
similar patterns of coping with stress. [24] We know that two developed
countries with similar economic development patterns, Japan and Korea, have
witnessed an increased rate of work-related deaths in the last three

6
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decades.[27,28] Since the early 1990s, sudden deaths due to heavy
workloads have become common in both countries.[23] Thus, investigating the
factors associated with health behaviors and work stress in Korea and Japan
may provide valuable information for designing appropriate public health
strategies. Further, this work may offer helpful experience for other countries
that also face increasing problems related to work stress.

In Korea and Japan, evidence from the analysis of the relationships between
work-related stress and health behaviors is limited.[29,30] Kawakami and
Haratani pointed out that compared to some European countries, Japanese
people felt less satisfied with their jobs, thereby making them vulnerable to
work-related stress.[31] In a Korean cohort study, job security was negatively
associated with smoking status among people aged 20-59.[32] Similarly, in a
cross-sectional study conducted in Japan, a considerable number of nurses
with high job strains depended on heavy smoking.[30]

Despite these similarities when exploring the association between work
stress and healthy behavior in Korea and Japan, no literature has compared
the two countries directly. Several Japanese and Korean studies found that a
gender difference might exist in the association between work stress and
various health outcomes.[2,29,31,33] Lack of intrinsic work rewards and
uncertainty about the future contributed to unhealthy behaviors more seriously
in males than in females.[33,34] Moreover, previous studies also found that
age, gender, education Ilevel, marital status, occupational grade,

7

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

Page 8 of 46


http://bmjopen.bmj.com/

Page 9 of 46

oNOYTULT D WN =

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

BMJ Open

socioeconomic status and working time might be covariates that need to be
controlled for when studying the relationship between work-related stress and

health behaviors in Korea and Japan.[2,31,32,35]

Research gaps in work stress and health behaviors
In summary, past Japanese and Korean work-stress research focused on the
relationship between work-related stress and individual health behaviors in
some specific occupations, but not in general population samples.[2,30,31]
Thus, this paper focuses on the association between work stress and two
unhealthy behaviors, current smoking status and heavy alcohol consumption,
in Korea and Japan by using two well-known aging datasets, the Korean
Longitudinal Study of Aging (KLoSA) and Japanese Study of Aging and
Retirement (JSTAR).[6,36] To focus on a potentially vulnerable population, the
target population of this research is middle-aged and older workers, aged 45
years and above, in Korea and Japan.[37] The short form of ERI used in the
KLoSA and JSTAR datasets, previously used and partially validated by
Siegrist et al., will be used to measure the ERI model.[13,37,38]

The study has three objectives: (1) to examine the association between ERI
and health behaviors in KLoSA and JSTAR, (2) to investigate the potential
interactions between ERI and gender, and (3) to compare results from Korea

and Japan and to identify any potential differences in findings.
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METHODS

Study design

The KLoSA and JSTAR databases are public data with open access.[36,39]
The KLoSA study was based on the random selection of men and women
aged 45-98 in South Korea, excluding Jeju Island. The baseline data were
obtained in 2006, and computer-assisted personal interviewing (CAPI) was
employed to ask questions related to work stress and health behaviors.
Because of the large number of missing outcome variables in the follow-up
waves, we decided to focus our study on cross-sectional analysis using 2006
data (wave 1).

The JSTAR survey was conducted by the Research Institute of Economy,
Trade and Industry Trade and Industry (RIETI), Hitotsubashi University, and
the University of Tokyo.[36] This survey focused on men and women aged
50-78 in 2007. According to the JSTAR first results report, the data quality was
evaluated by comparing the JSTAR database with the 2005 Japanese census
data. JSTAR has a high response rate in terms of the Japanese standard;
however, JSTAR datasets have various limitations, such as changing the
questionnaire between waves.[36] Because of this, some variables are
missing in different waves. Siegrist et al. pointed out that JSTAR data were not
of sufficient quality for the longitudinal analysis of work stress, as many people
dropped out in later waves.[13] Hence, our project uses the baseline JSTAR

9
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data to perform cross-sectional analyses. The baseline data from 5 cities
(Adachi, Kanazawa, Shirakawa, Sendai, and Takikawa) were collected in
2007, with an additional two cities (Tosi and Naha) obtained in 2009.

Because KLoSA is a much larger study and past literature suggests that it is
of better quality than JSTAR,[36,39] the present study will focus mainly on
Korean results. The Japanese results will then be compared with the Korean
results. KLoSA and JSTAR were approved by relevant ethical committees in
their respective countries, and all participants signed informed consent for

participation in the study.

Study sample

Figures 1 and 2 present the analytical sample selection in this study.
Responders in wave 1 of KLoSA (N=3,478) and JSTAR (N=1,504) who
reported a working position and working hours and were not missing data were
included in the analytical sample. A total of 482 participants were excluded
from the analysis due to missing data, which accounted for 12.2% of the total
workers in the Korean baseline sample. According to the same inclusion and
exclusion criteria, approximately 53.5% (N=1,504) of responders could be
used from a Japanese sample. In summary, nearly 87.8% of the eligible
Korean sample was analyzed, while only approximately half of the eligible
Japanese sample was included in the analysis. To test whether the potential
bias caused by the missing values would influence the results, this study

10
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applied the multiple imputation (Ml) method for both datasets. The samples
after imputation accounted for 91.24% of KLoSA (N=3613) and 81.59% of
JSTAR (N=2292).

(please put Figure 1 here)

(please put Figure 2 here)

Patient and Public Involvement

No patients were involved in this study that used de-identified data.

MEASUREMENT

Effort-Reward Imbalance evaluation

ERI, the measure of work stress in this project, was measured with three
questions in KLoSA and six questions in JSTAR. The ERI questionnaire used
in those reports consisted of 17 items; 6 of the items measure “efforts” and the
remainder measure “rewards.” [19] Because of limitations in the existing data
from Korea, only one item was available for evaluating the effort dimension,
while two items were available for assessing the reward dimension (“ERI
[1+2]"). In data from Japan, two and four questions were used to measure
‘efforts” and “rewards” (“ERI [2+4]"), respectively. In 2012, Siegrist et al.
demonstrated that the short and long versions of the ERI model had similar
properties.[13] Hence, the results from the analysis using the ERI (1+2) model

11
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will be directly comparable between KLoSA and JSTAR samples. Further, we
used the ERI (2+4) model in a Japanese sample to carry out the sensitivity
analysis. [40]

Responses to each item in the model used a 4-point Likert scale. A higher
level of stress is indicated by higher scores on the effort scale and by lower
scores on the reward scale.[40] The ERI ratio is calculated by adding the score
of the effort and then dividing the value by the total score of reward, adjusted
for the different number of items (correction factor), which is 0.5 in the
three-item ERI model and six-item ERI model. Then, the categorical ERI is
obtained by dividing the continuous ERI into tertiles.[13] Individual questions
available in both datasets are shown in Table 1, with questions requiring

reverse scoring marked with an asterisk.

Table 1 Questions related to ERI measurement

KLoSA JSTAR

*My job requires lots of *My current job involves physical labor.
physical effort.

Effort N/A *I have a lot of work and always feel time
pressure.
*| feel my job is secure. Do you think it is likely that you could lose your
current job for a reason other than retirement?
*| am satisfied with *Considering the effort | put in and the results |
Reward current wage. produce, | am satisfied with my current pay.
N/A *| receive appropriate evaluation on my work
from coworkers.
N/A *When | have problems doing my work,

colleagues give me advice and help me.

* Reverse coding
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Health behaviors

The main health behaviors focused on this report are current smoking and
drinking status. Measured as a binary outcome in the data from Korea,
smoking was assessed by the question “Do you smoke cigarettes now?”
Participants who answered “yes” were classified as current smokers, and
those whose response was “No” were considered nonsmokers. The
questionnaire in Japan asked, “Do you regularly use tobacco, or did you use it
in the past?” Participants were given three options: (1) Yes, | smoke now; (2) |
smoked in the past, but | have quit; (3) No, | have never smoked regularly. To
ensure comparability between the two countries and considering that this
paper mainly examines the current smoking variable, participants in Japan
who chose Option (1) were regarded as current smokers, and those who
selected (2) or (3) were classified as current nonsmokers.

Drinking was measured as a categorical outcome in the analysis. First,
weekly alcohol consumption was calculated by multiplying the weekly drinking
frequency of different drinks by their alcohol content. Next, according to the
criteria of different drinking levels among men and women, we classified
individuals in Korea and Japan into three groups: nondrinkers, moderate
drinkers, and heavy drinkers.[31] Males who drank between 0~210 g alcohol
per week (g/wk) were considered moderate drinkers, and those who
consumed more than 210 g/wk were regarded as heavy drinkers. Similarly,
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females who drank approximately 0~140 g/wk and more than 140 g/wk were

considered moderate drinkers and heavy drinkers, respectively.[41]

Covariates

All available covariates were categorised as demographic, social and
socioeconomic, and work-related characteristics. Demographic variables
included age and sex. Age was divided into 5-year age groups. Social
variables included education and marital status. In each country, education
was classified into four categories. Marital status was classified into five
categories (married, separated, divorced, widowed, and never married) in
Korea but was available in only two categories (married/not married) in Japan.
The work-related variables refer to working position and weekly working hours.
In both countries, the working position was classified as nonsupervisor,
supervisor and self-employed. Participants were asked “How many hours do

you work per week on average?” to estimate weekly working hours.

Analytical strategy

This study employed the number (%) and mean (SD) for all variables of
interest to describe the characteristics of the analytical sample. The
associations between exposure (categorical ERI ratio) and outcomes (smoking
and drinking) were examined in both countries separately. Given that smoking
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is a binary variable, logistic regression was used to explore the relationship
between ERI and the prevalence of smoking, and odds ratios (ORs) were
estimated. Multinomial logistic regression was used to evaluate the association
between ERI and drinking. In both analyses, the associations between ERI
and two outcomes were analyzed in the same order of adjustment. For all the
analyses, four adjusted models were fitted: (Model 1) adjusted for age; (Model
2) Model 1 + gender; (Model 3) Model 2 + education, marital status; and
(Model 4) Model 3 + working position, working hours. Moreover, on the basis
of model 4, we used the samples after imputation for the additional analysis
and presented the results in Model 5.

To compare the KLoSA and JSTAR datasets, our analytical process of
JSTAR data used the same sequence of adjustments of the covariates as
used for KLoSA data. As more ERI-related questions were available in JSTAR,
we used a shorter version (ERI 1+2, same as in Korea) to make available
comparisons and a longer version of the ERI model (2+4) to perform the
sensitivity analysis. Additionally, we used ERI as a continuous variable in the
sensitivity analysis since the arbitrariness of setting thresholds might exist in
the categorical ERI variable.

Considering that differences might be observed in the healthy behaviors of
men and women, likelihood-ratio tests were performed to examine the
interactions between ERI and gender. The goodness of fit indices of the
regression models, including and excluding the corresponding interaction

15
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terms, were compared. (Supplementary Table 1 and Supplementary Table 2).

All the analyses mentioned above were conducted in STATA 16-MP.

RESULTS

Characteristics of samples in Korea and Japan

Table 2 describes both analytical samples. The mean age of respondents in
the Korean sample was 55.6 years (SD=8.3 years), while that of the Japanese
sample was 59.2 years (SD=6.1 years). More than half of the participants had
at least a high school education in both Korea (53.3%) and Japan (70.1%). A
large proportion of subjects (Korea 88.6%, Japan 83.4%) were married. In both
samples, the proportion of respondents in supervisory working positions was
larger for men (Korea 15.6%, Japan 8.8%) than women (Korea 3.0%, Japan
2.9%).

The prevalence of smoking was 32.2% in Korea and 30.7% in Japan. In both
countries, the prevalence of smoking was higher among men (Korea 44.5%,
Japan 39.9%) than among women (Korea 3.6%, Japan 13.7%). The
prevalence of male heavy drinkers was 21.1% in Korea and 43.0% in Japan;
the prevalence of female heavy drinkers was 3.2% in Korea and 12.9% in

Japan.
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Table 2 Characteristics of the cross-sectional sample in Korea and Japan

. Korea Japan
Variables Number(%) Number(%)
Sample 3,478 1,504
Age
years mean (SD) 55.6(8.3) 59.2(6.1)
45-49years 1,055(30.3) N/A
50-54years 787(22.6) 392(26.1)
55-59years 596(17.1) 513(34.1)
60-64years 444(12.8) 296(19.7)
65-69years 358(10.3) 191(12.7)
>70years 238(6.8) 112(7.5)
Gender
male 2,431(69.9) 977(65.0)
female 1,047(30.1) 527(35.0)
Education
elementary 988(28.4)
middle 635(18.3) 330(21.9)
vocational school N/A 120(8.0)
high 1,281(36.8) 715(47.5)
college/university 574(16.5) 339(22.5)
Marital status
married 3,080(88.6) 1,255(83.4)
separated 36(1.0) N/A
divorced 90(2.6) N/A
widowed 238(6.8) N/A
never married 34(1.00) 249(16.6)
Working position
nonsupervisor 1,366(39.3) 994(66.1)
supervisor 409(11.8) 101(6.7)
self-employed 1,703(49.0) 409(27.2)
Working hour
hours per week(SD) 48.5(18.3) 41.7(16.4)
Location
Seoul 536(15.4) N/A
other places 2,942(84.6) N/A
ERI (1+2) 3,478 1,504
lowest tertile 1,611(46.3) 543(36.1)
middle tertile 1,001(28.8) 579(38.5)
upper tertile(ERI) 866(24.9) 382(25.4)
ERI (2+4) N/A 1,504
lowest tertile N/A 559(37.2)
middle tertile N/A 447(29.7)
upper tertile(ERI) N/A 498(33.1)
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Smoking
no 2,359(67.8) 1,042(69.3)
yes 1,119(32.2) 462(30.7)
Drinking
grams per week(SD) 201.7(289.2) 169.7(242.5)
never 1,490(42.8) 553(36.8)
moderate 1,441(41.4) 460(30.6)
heavy 547(15.7) 491(32.7)

Evaluation of potential gender effect modification

In terms of the association between ERI and smoking, no statistically
significant interactions by gender were found after adjusting for age, education
marital status, work position and weekly working hours (p>0.05). The p-values
for the likelihood-ratio tests were 0.20 and 0.82 in Korea and Japan,
respectively. After adjusting for all the covariates, no statistically significant
interaction was found; the p-value was 0.82 in Korea and 0.19 in Japan. The
complete results of gender-specific analyses are shown in Supplementary
Table 1 and Supplementary Table 2. Although there was no statistically
significant gender interaction, the results were different between men and
women; for example, in Korea, the associations between work stress and

health behaviors were much stronger in males than females.

ERI and health behaviors in Korea
Based on the KLoSA dataset (2007), the results of different adjusted models

for smoking and drinking are presented in Table 3.

18

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

BMJ Open

Smoking

As shown in Table 3, all the results were statistically significant (p<0.05)
among people who experienced the highest level of work stress (T3-high effort
and low reward) compared to T1. After adjusting for age (Model 1), the OR
(95% CI) represents the ERI effect estimates on smoking behavior, where the
OR of upper ERI was 1.45 (1.22-1.73). A considerable change in the effect
estimates of the upper ERI group was observed after adjusting for gender
(Model 2), and the OR (95% CI) was 1.81 (1.49-2.20). Further adjustment for
social and work-related covariates reduced the effects of work stress but

remained statistically significant (Models 3 and 4).

Drinking
The effect estimates of ERI on drinking are presented in the bottom part of
Table 3. When comparing moderate alcohol consumers to nonalcohol
consumers, the OR (95% CI) of upper ERI compared to low ERI was 1.15
(0.93-1.42) in fully adjusted Model 4, although this association was not
statistically significant (p>0.05). Statistically significant results were obtained
when examining the association between the upper tertile of ERI and heavy
drinking. The OR (95% CI) in Model 4 was 1.44 (1.09-1.90). Additionally,
gender accounted for the largest change in ORs in Model 2.

In addition, place of residence was taken into consideration. In the data from
Korea, participants were classified as living in the capital Seoul or elsewhere.
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The effect estimates of ERI did not change when the residence variable was
added into the regression models. The result of the likelihood ratio test showed
that residence did not play a role in the association between ERI and smoking
or between ERI and drinking when comparing the model with and without
residence variable, as the p-values were 0.30 in Korea and 0.87 in Japan,
respectively.

In model 5, after missing values were imputed, the association between
work stress and health behaviors presented similar results to the model that
dropped missing values. In Korea, ERI was significantly associated with
current smoking and heavy drinking behaviors, with ORs (95% CI) of 1.51

(1.22-1.86) and 1.29 (1.05-1.59), respectively.
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Table 3 ORs (95% CI) of the association between ERI (1+2) and current smoking and alcohokdrinking in Korea

Korea Model1 Model2 Model3 Model4 N Model5

ERI(tertiles) OR(95%Cl) p-value OR(95%Cl) p-value OR(95%Cl) p-value OR(95%Cl) p-valug OR(95%Cl) p-value
Smoking %
T1(reference) 1.00 1.00 1.00 1.00 g 1.00
T2(middle) 1.07(0.90,1.27) 0.42 1.38(1.14,1.67) 0.001 1.23(1.01,1.50) 0.04 1.21(0.99,1.48) 0.06 B 1.25(1.02,1.52) 0.03
T3(upper-ERI) 1.45(1.22,1.73)  <0.001 1.81(1.49,2.20)  <0.001 1.48(1.20,1.83)  <0.001 1.45(1.17,1.80) 0.001g 1.51(1.22,1.86)  <0.001
p for linear trend <0.001 <0.001 <0.001 0.0015 <0.001
Drinking EJ;J_
nondrinker 1.00 1.00 1.00 1.00 g 1.00
moderate drinker §
T1(reference) 1.00 1.00 1.00 1.00 =y 1.00
T2(middle) 0.83(0.70,0.99) 0.04 0.99(0.82,1.19) 0.88 0.99(0.81,1.19) 0.88 1.00(0.83,1.22) O.QSE 1.26(0.87,1.83) 0.23
T3(upper-ERI) 0.96(0.80,1.16) 0.69 1.11(0.91,1.36) 0.29 1.11(0.90,1.37) 0.32 1.15(0.93,1.42) 0.21 g 1.20(0.80,1.81) 0.38
p for linear trend 0.45 0.34 0.36 0.24% 0.34
heavy drinker ;
T1(reference) 1.00 1.00 1.00 1.00 § 1.00
T2(middle) 0.81(0.63,1.03) 0.08 1.01(0.78,1.31) 0.92 0.96(0.73,1.25) 0.75 0.94(0.72,1.23) 0.66% 0.97(0.80,1.18) 0.79
T3(upper-ERI) 1.32(1.04,1.67) 0.02 1.60(1.24,2.07)  <0.001 1.45(1.10,1.91) 0.008 1.44(1.09,1.90) 0.01o 1.29(1.05,1.59) 0.02
p for linear trend 0.07 0.001 0.01 o.ozg 0.03

N

3478

3478

3478

3478

3613

Model1:Adjusted for age
Model2:Model1+gender

Model3:Model2+education, marital status

Model4:Model3+working position, working hours
Model5:Fully adjusted model (after MI)
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ERI and health behaviors in Japan

In the data from Japan, using the ERI (1+2) model, the higher ERI group had a
higher proportion of smoking individuals. Compared to the lowest tertile ERI
group, the proportion of heavy drinkers in the upper tertile ERI group (31.1%)

was slightly lower than that in the lowest tertile ERI group (35.3%).

Smoking

Table 4 shows the relationship between ERI and current smoking and alcohol
drinking behaviors in Japan. To compare the results from Japan and Korea,
the results also used the ERI (1+2) evaluation. The OR (95% CI) of smoking
was 1.50 (1.13-2.00) when adjusted for age (Model 1) and was 1.56
(1.16-2.10) when additionally adjusted for sex (Model 2). The magnitude and
strength of the association decreased when additionally adjusted for education
and marital status. ERI in JSTAR remained associated with smoking in a
similar way as in KLoSA. Moreover, the imputed Japanese sample presents a
stronger association between job stress and smoking after adjusting for all the
covariates in Model 5.

Drinking

According to Table 4, the relationship between the ERI categorized into tertiles
and drinking in Japan was different from the trend seen in Korea. When
comparing people in different ERI groups, people with higher work stress were
less likely to drink. Moreover, when adjusted for additional covariates, work
stress was not statistically associated with heavy drinking behavior, and the
effect estimates of ERI on drinking did not change much (Model 3 and Model
4), even when the imputed data sample was used (Model 5).
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Table 4 ORs (95% CI) of the association between ERI (1+2) and current smoking and alcohokdrinking in Japan

Japan Model1 Model2 Model3 Mode% Model5
ERI (tertiles) OR(95%CI) p-value OR(95%Cl) p-value OR(95%Cl) OR(95%Cl) OR(95%CIl) > p-value OR(95%Cl) p-value
Smoking(1+2) =
T1(reference) 1.00 1.00 1.00 1.004 1.00
T2(middle) 1.31(1.01,1.70) 0.05 1.42(1.08,1.87) 0.01 1.33(1.01,1.75) 0.04 1.32(1.00,1.75)§ 0.05 1.27(1.00,1.61) 0.05
T3(upper-ERI) 1.50(1.13,2.00) 0.005 1.56(1.16,2.10) 0.004 1.36(1.00,1.85) 0.05 1.37(1.01,1.89)D  0.05 1.41(1.09,1.82) 0.01
p for linear trend 0.004 0.003 0.04 9 0.04 0.01
Drinking(1+2) S
nondrinker 1.00 1.00 1.00 1'0053_, 1.00
moderate drinker o
T1(reference) 1.00 1.00 1.00 1.00& 1.00
T2(middle) 0.74(0.55,0.99) 0.04 0.74(0.55,1.00) 0.05 0.77(0.56,1.04) 0.09 0.76(0.56,1.04)g 0.08 0.87(0.68,1.12) 0.29
T3(upper-ERI) 0.90(0.65,1.24) 0.50 0.85(0.61,1.18) 0.33 0.92(0.65,1.30) 0.63 0.91(0.64,1.29)Z.  0.59 1.02(0.78,1.34) 0.89
p for linear trend 0.40 0.26 0.53 g 0.50 0.93
heavy drinker =
T1(reference) 1.00 1.00 1.00 1.003 1.00
T2(middle) 0.71(0.54,0.94) 0.02 0.71(0.52,0.97) 0.03 0.71(0.52,0.97) 0.03 0'71(0'52’0'97)-1'80 0.03 0.79(0.61,1.03) 0.08
T3(upper-ERI) 0.78(0.57,1.07) 0.12 0.72(0.51,1.02) 0.07 0.71(0.49,1.01) 0.06 0.71(0.50,1.02)  0.07 0.76(0.57,1.02) 0.07
p for linear trend 0.08 0.05 0.04 g 0.05 0.06
N 1504 1504 1504 1504 2292

Model1:Adjusted for age 3
Model2:Model1+gender 9
Model3:Model2+education, marital status z
Model4:Model3+working position, working hours =
Model5:Fully adjusted model (after Ml) L
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Sensitivity analysis

The results of the sensitivity analysis are shown in Table 5 and Table 6. In
Table 5, using the ERI (2+4) model, the prevalence of smoking was the highest
in the middle tertile. No statistically significant differences between the top and
bottom ERI tertiles were found when the ERI (2+4) was used (Model 4).
However, the association between ERI (2+4) and smoking was found in the
data imputed model 5, which was consistent with the results of the ERI (1+2)
model. The OR of smoking was significantly increased in the middle ERI ratio
group (Models 1-4).

In terms of drinking, the results of ERI (1+2) and ERI (2+4) evaluation
presented a similar trend among moderate drinkers. Additionally, the ERI
ratios of the upper tertile (T3) in both ERI measurements had the widest range
from 1.14 to 4 and from 0.93 to 3.20, respectively. The characteristics of
drinking prevalence in the ERI (2+4) version were similar to those in the ERI
(1+2) version. Meanwhile, when comparing the imputed (Model 5) and
unimputed (Model 4) models, the associations between ERI and heavy
drinking behaviors were consistent. Because the female data from Japan
might not be reliable, this study also tested the gender-specific association
between ERI and health behaviors (Supplementary Table 1 and
Supplementary Table 2).[19]

In Table 6, when considering ERI as a continuous variable, similar results
were found. There was a statistically significant association between stress
and smoking in both countries. No association was found between job stress

and drinking in Japan.
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Table 5 ORs (95% CI) of the association between ERI (2+4) and current smoking and alcoholgdrinking in Japan

Japan Model1 Model2 Model3 Modé?l Model5
ERI (tertiles) OR(95%ClI) p-value OR(95%Cl) p-value OR(95%Cl) p-value OR(95%Cl) § p-value OR(95%Cl) p-value

Smoking(2+4) N
T1(reference) 1.00 1.00 1.00 1.0%13 1.00
T2(middle) 1.49(1.13,1.96)  0.004 1.71(1.28,2.28)  <0.001 1.62(1.21,2.17)  0.001 1.59(1.18,2.1 0.002 1.33(1.05,1.68) 0.02
T3(upper-ERI) 1.30(0.99,1.70) 0.05 1.31(0.99,1.73)  0.06 1.21(0.91,1.61) 0.19 1.17(0.87,1.5@_ 0.29 1.40(1.08,1.82) 0.01
p for linear trend 0.05 0.05 0.19 ® 0.29 0.01
Drinking(2+4) )
moderate drinker i
T1(reference) 1.00 1.00 1.00 1.08 1.00
T2(middle) 0.79(0.58,1.07) 0.13 0.83(0.60,1.14)  0.26 0.84(0.60,1.16) 0.28 0.85(0.61,1.1§ 0.32 1.02(0.80,1.31) 0.86
T3(upper-ERI) 0.89(0.66,1.20) 0.45 0.84(0.62,1.15) 0.28 0.87(0.64,1.20) 0.41 0.89(0.64,1.28 0.47 0.99(0.75,1.31) 0.94
p for linear trend 0.44 0.27 0.40 g 047 0.96
heavy drinker g
T1(reference) 1.00 1.00 1.00 1.08 1.00
T2(middle) 0.75(0.56,1.02) 0.07 0.82(0.59,1.14) 0.24 0.80(0.57,1.11) 0.18 0.80(0.57,1.18.  0.19 0.85(0.66,1.10) 0.23

(@]
T3(upper-ERI) 0.78(0.58,1.05) 0.10 0.72(0.52,0.99) 0.05 0.71(0.51,0.97) 0.04 0.71(0.51,0.993.7> 0.04 0.72(0.53,0.97) 0.03
p for linear trend 0.09 0.04 0.04 ] 0.04 0.03

N 1504 1504 1504 15040 2292

Model1:Adjusted for age §
Model2:Model1+gender S
Model3:Model2+education, marital status g
Model4:Model3+working position, working hours ‘:ED
Model5:Fully adjusted model (after MI) @

i

=l
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Table 6 ORs (95% CI) of the association between ERI (continues) and current smoking and afcohol drinking

Model1 Model2 Model3 N Model4
ERI(continues) OR(95%Cl) p-value OR(95%Cl) p-value OR(95%Cl) p-v@ue OR(95%Cl) p-value

Korea %
Smoking 1.23(1.12,1.35) <0.001 1.40(1.26,1.56) <0.001 1.26(1.12,1.41) <0;:%b1 1.24(1.11,1.39) <0.001
Drinking N
moderate drinker 0.94(0.77,1.16) 0.57 1.05(0.85,1.30) 0.64 0.99(0.79,1.24) 0.82 1.00(0.80,1.25) 0.98
heavy drinker 1.00(0.91,1.11) 0.92 1.11(0.99,1.24) 0.07 1.07(0.96,1.21) 0%2 1.10(0.98,1.23) 0.12
Japan (1+2) s

[oX
Smoking 1.32(1.12,1.54) 0.001 1.32(1.12,1.56) 0.001 1.21(1.03,1.45) 083 1.23(1.03,1.46) 0.02
Drinking )
moderate drinker 1.05(0.88,1.25) 0.58 1.01(0.84,1.21) 0.91 1.06(0.88,1.28) 035 1.05(0.87,1.27) 0.60
heavy drinker 0.92(0.76,1.11) 0.38 0.87(0.72,1.07) 0.19 0.86(0.70,1.06) 0d7 0.87(0.71,1.08) 0.21
Model1:Adjusted for age c;r
Model2:Model1+gender =
Model3:Model2+education, marital status }E
Model4:Model3+working position, working hours 5
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DISCUSSION

Main findings and comparison with previous studies

Our results indicate that a higher ERI level was positively associated with a
higher prevalence of smoking and heavy drinking among Korean workers and
positively associated with a higher prevalence of smoking among Japanese
workers. ERI was, however, negatively associated with the prevalence of
drinking in Japan. The Japanese results for alcohol consumption contradict
some previous studies.[42—45] This finding might be due to report bias and
selection bias. Nonetheless, the effect estimates and direction of the ERI were
consistent with results from previous research in non-Asian regions.[46,47]
Moreover, the results from Japan also provide some evidence for the validity of
the short version of the ERI. In both analyses of JSTAR, the results using ERI
(1+2) and ERI (2+4) are mostly but not entirely similar.

This study also used the likelihood-ratio test to explore the potential
interaction between ERI and gender factors. No gender interaction was found
in Korea or Japan. However, the associations between ERI and health
behaviors were significant only among men. Although this finding may be
because few women in both datasets were smokers or heavy drinkers, the
result is consistent with a previous US study showing that gender was not an
effect modifier in the relationship between work-related stress and health
behaviors,[48] a finding contrary to most previous observational and
experimental studies conducted in Western countries.[12] Our study found that
work-related stress might be a protective factor against heavy drinking among
Japanese workers and that this type of stress was not statistically significantly

associated with outcomes among Japanese females. People with the highest
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ERI levels had low odds (OR<1) of becoming heavy drinkers in Japan.
Moreover, no significant association existed between work stress and drinking
by comparing moderate drinkers to nondrinkers in Japan.

Thus, in Japan and Korea the association between work-related stress and
drinking was dissimilar. The following explanations may account for the
different results in Japan. First, an occupational drinking subculture could
contribute to job stress. The purposes of socialization and career development
could also make individuals more or less prone to heavy drinking.[49] In
several Asian countries, such as Japan, drinking alcohol is considered an
essential way of engaging in social interactions.[45,50,51]

Differences in drinking patterns in Japan and Korea account for the disparity
in the results. Most drinkers in Japan are moderate drinkers, while those in
Korea are more likely to binge drink.[52-54] Hence, in Japan, the influence of
drinking culture tends to be greater than the impact of work-related stress.
Nevertheless, subculture and cultural norms are difficult elements to control in
the analysis.[49] With a sample size of 26,946 people, one US study detected
a statistically significant association between stress and drinking even though
work-related stress had a much larger effect on male versus female drinking

behaviors.[48]

Strengths and limitations of this study

This study utilized the ERI model to evaluate work stress levels and used two
national-based datasets to examine the association between work stress and
health behaviors in Korea and Japan. Compared to the JDC model, the ERI
model concentrated on the personal component rather than the job
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dimension.[55] In previous research, only a few studies have applied the ERI
model to explore the association between work stress and health
behaviors.[19] Of those few studies, only a small percentage focused on Asian
countries. Acquired from two reliable organisations (KEIS and RIETI), the
baseline data of this study were collected nationally. These data provided a
representative sample in Korea and a male sample group in Japan. Although
the representation of Japanese females was not ideal, it has been previously
stated that JSTAR provides more useful information than other existing
female-based studies because the latter were based on only a limited
geographic area or a specific occupation or age group.[54,56-58]

This study fills research gaps regarding the association between Asian
workers’ stress and health behaviors. Moreover, the study sample in this
project comprised middle-aged and older adults, 45 years of age and above,
who may be more sensitive to the experience of work-related stress than
younger people.[59] Multinomial logistic regression was applied in this project
to explore the association between work stress and health behaviors, thereby
providing a better way to control various potential confounders simultaneously.

However, the results of this study have several limitations. One limitation is
the small sample size of JSTAR after the selection process with the inclusion
and exclusion criteria; and, due to data limitation, sampling weights were not
calculated in our study. From a methodological standpoint, the nature of the
self-reported questions may influence the results through reporting/recall
bias.[60] Recall bias indicates that variation in personal response tendencies

existed but was difficult to control.[61] Apart from possibly causing outcome
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misclassification, it is highly likely that the effect estimates of work-related
stress on smoking and drinking are underestimated.[62,63]

A third limitation is that the effect of residual confounding from other risk
factors, for example, drinking subcultures, was not taken into account because
of data limitations of the two datasets.[43] Residual confounding might
influence the association between stress and health behaviors, leading to
underestimation or overestimation of the ORs of the association.[46,64,65]
Moreover, due to the cross-sectional nature of the study design, the question
of causality between work stress and health behaviors is not addressed at this

time.

Suggestions for further research
In future research, it will be pertinent to identify other datasets in Korea and
Japan to evaluate associations and determine whether the results are
consistent within national boundaries, and to investigate whether any study
has better data on drinking patterns to test the ERI-drinking association.
Furthermore, longitudinal studies based on a larger sample size are
recommended to control for more possible confounders, to explore causality
and to clarify the relationship between work-related stress and health

behaviors.

CONCLUSION

Overall, after accounting for available covariates, our study found that higher
work stress expressed by the ERI (1+2) version was positively associated with
a higher prevalence of smoking and heavy drinking among senior workers 45
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years of age and above in Korea, positively associated with a higher
prevalence of smoking in Japan, but negatively associated with the prevalence
of heavy drinking in Japan. The results indicated that the effects of work stress
were not significantly modified by gender. The ERI-smoking association was
similar in Korea and Japan. The ERI-drinking association, however, was
different in these two countries. This discrepancy may be due to the action of
work stress as a risk factor in Korea but as a protective factor in Japan. Based
on these findings, we recommend that governments enhance the balance
between extrinsic efforts and work rewards in Asian countries. Doing so may
improve health behaviors, particularly smoking behavior, of workers and

accelerate social and economic development.

31

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

Page 32 of 46


http://bmjopen.bmj.com/

Page 33 of 46

oNOYTULT D WN =

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

BMJ Open

DECLARATION

Ethics approval and consent to participate

The Korean Longitudinal Study of Aging (KLoSA) received approval from the
National Statistical Office (Approval number: 33602) and the Institutional
Review Board (IRB) of the Korea National Institute for Ethics Policy. The
JSTAR survey was conducted by the Research Institute of Economy, the
Research Institute of Economy, Trade and Industry Trade and Industry
(RIETI), Hitotsubashi University, and the University of Tokyo, Japan. Data from
KLoSA and JSTAR are publicly available with all data anonymized. This study
also received approval for the secondary use of the KLoSA and JSTAR data.
All methods in this study were carried out in accordance with the relevant
guidelines and regulations. Since the KLoSA and JSTAR databases have
been released to the public for scientific use and no experimental treatment
was conducted on either human or animal subjects in this study, ethical

approval was not required for the study.

Consent for publication

Not applicable.

Availability of data and materials

The KLoSA data that support the findings of this study are available from
Korea Employment Information Service (KEIS), but restrictions apply to the
availability of these data, which were used under licence for the current study

and so are not publicly available. Data are, however, available from the

32

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

BMJ Open

authors upon reasonable request and with permission of KEIS.

The JSTAR data that support the findings of this study are available from the
Research Institute of Economy, Trade and Industry (RIETI), but restrictions
apply to the availability of these data, which were used under licence for the
current study and are not publicly available. Data are, however, available from

the authors upon reasonable request and with permission of RIETI.

Competing interests
We have read and understood BMJ policy on declaration of interests and

declare that we have no competing interests.

Funding
This research received no specific grant from any funding agency in the public,

commercial or not-for-profit sectors.

Authors’ contributions

TC and HP designed this study. JG and HP drafted the statistical analysis
plan. TC wrote the first draft of the manuscript, prepared the analysis and
interpreted the data. JG and BZ helped with the data management and HP
helped with the analysis. All authors were involved in writing the manuscript,

gave critical comments on multiple versions, and approved its final version.

Acknowledgements

Not applicable.

33

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

Page 34 of 46


http://bmjopen.bmj.com/

Page 35 of 46

oNOYTULT D WN =

BMJ Open

REFERENCES

1

10

11

12

13

Ganster DC, Rosen CC. Work Stress and Employee Health: A
Multidisciplinary Review. J Manag 2013;39:1085-122.
doi:10.1177/0149206313475815

Kouvonen A. Work stress, smoking status, and smoking intensity: an
observational study of 46 190 employees. J Epidemiol Community Health
2005;59:63-9. doi:10.1136/jech.2004.019752

Puddephatt J-A, Jones A, Gage SH, et al. Associations of alcohol use,
mental health and socioeconomic status in England: Findings from a
representative population survey. Drug Alcohol Depend 2021;219:108463.
doi:10.1016/j.drugalcdep.2020.108463

Dankel SJ, Loenneke JP, Loprinzi PD. Physical activity and diet on quality
of life and mortality: The importance of meeting one specific or both
behaviors. Int J Cardiol 2016;202:328-30. doi:10.1016/j.ijjcard.2015.09.019

Kang K H, Lee K S, Kim S |, et al. The relationship between alcohol use
and job stress among firemen. Korean J Occup Environ Med 2001;13:401—
12. doi:10.35371/kjoem.2001.13.4.401

Siegrist J, Rodel A. Work stress and health risk behavior. Scand J Work
Environ Health 2006;32:473-81.

De Jonge J, Bosma H, Peter R, et al. Job strain, effort-reward imbalance
and employee well-being: A large- scale cross-sectional study. Soc Sci
Med 2000;50. doi:10.1016/S0277-9536(99)00388-3

Lazarus RS, Folkman S. Stress, appraisal, and coping. Springer publishing
company 1984.

Karasek RA. Job Demands, Job Decision Latitude, and Mental Strain:
Implications for Job Redesign. Adm Sci Q 1979;24:285.
doi:10.2307/2392498

Wemken G, Janurek J, Junker NM, et al. The impact of social comparisons

of job demands and job control on well - being. Appl Psychol Health
Well-Being 2021;13:419-36. doi:10.1111/aphw.12257

Sung-ll C, Ki-Do E, Choi B, et al. Social class, job insecurity and job strain
in Korea. SUWEH Suppl 2008.

Kouvonen A, Kivimaki M, Virtanen M, et al. Effort-reward imbalance at
work and the co-occurrence of lifestyle risk factors: cross-sectional survey
in a sample of 36,127 public sector employees. BMC Public Health
2006;6:24. doi:10.1186/1471-2458-6-24

Siegrist J, Lunau T, Wahrendorf M, et al. Depressive symptoms and

psychosocial stress at work among older employees in three continents.
34

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

14

15

16

17

18

19

20

21

22

23

24

25

BMJ Open

Glob Health 2012;8:27. doi:10.1186/1744-8603-8-27

Hwang WJ, Hong OS, Kang DR. Psychometric Testing of the
Effort-Reward Imbalance-Short Form Among Blue-Collar Workers
Employed in Small Industrial Settings in Korea. Workplace Health Saf
2018;66:597-605. doi:10.1177/2165079918786296

Siegrist J. Adverse health effects of high-effort/low-reward conditions. J
Occup Health Psychol 1996;1:27—41. doi:10.1037/1076-8998.1.1.27

Payne N, Jones F, Harris PR. Employees’ perceptions of the impact of
work on health behaviours. J Health Psychol 2013;18:887-99.
doi:10.1177/1359105312446772

Green KL, Johnson JV. The effects of psychosocial work organization on
patterns of cigarette smoking among male chemical plant employees. Am J
Public Health 1990;80:1368-71. doi:10.2105/AJPH.80.11.1368

Head J. The psychosocial work environment and alcohol dependence: a
prospective study. Occup Environ Med 2004;61:219-24.
doi:10.1136/0em.2002.005256

Siegrist J, Starke D, Chandola T, et al. The measurement of effort—reward
imbalance at work: European comparisons. Soc Sci Med 2004;58:1483—
99. doi:10.1016/S0277-9536(03)00351-4

Kjeerheim K, Haldorsen T, Andersen A, et al. Work-related stress, coping
resources, and heavy drinking in the restaurant business. Work Stress
1997;11:6-16. doi:10.1080/02678379708256818

Colell E, Sanchez-Niubd A, Benavides FG, et al. Work-related stress
factors associated with problem drinking: A study of the Spanish working
population: Work Stress and Problem Drinking. Am J Ind Med
2014;57:837-46. doi:10.1002/ajim.22333

Amano H, Fukuda Y, Kawachi I. Is Higher Work Engagement Associated
With Healthy Behaviors? A Longitudinal Study. J Occup Environ Med
2020;62:e87-93. doi:10.1097/JOM.0000000000001804

Cheng Y, Park J, Kim Y, et al. The recognition of occupational diseases
attributed to heavy workloads: experiences in Japan, Korea, and Taiwan.
Int Arch Occup Environ Health 2012;85:791-9.
doi:10.1007/s00420-011-0722-8

Yeh H-J. Job Demands, Job Resources, and Job Satisfaction in East Asia.
Soc Indic Res 2015;121:47—60. doi:10.1007/s11205-014-0631-9

Kuchinke KP, Cornachione EB, Oh SY, et al. All work and no play? The
meaning of work and work stress of mid-level managers in the United
States, Brazil, and Korea. Hum Resour Dev Int 2010;13:393—408.

35

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

Page 36 of 46


http://bmjopen.bmj.com/

Page 37 of 46

oNOYTULT D WN =

26

27

28

29

30

31

32

33

34

35

36

37

BMJ Open

Okamoto S. Hours of work and health in Japan. Ann Epidemiol
2019;33:64-71. doi:10.1016/j.annepidem.2019.02.003

de Jonge J, Bosma H, Peter R, et al. Job strain, effort-reward imbalance
and employee well-being: a large-scale cross-sectional study. Soc Sci Med
2000;50:1317-27. doi:10.1016/S0277-9536(99)00388-3

Lee K, Lim H-S. Work-related Injuries and Diseases of Farmers in Korea.
Ind Health 2008;46:424—34. doi:10.2486/indhealth.46.424

Lee J, Lee HJ, Hong Y, Shin YW, Chung S, Park J. Risk Perception,
Unhealthy Behavior, and Anxiety Due to Viral Epidemic Among Healthcare
Workers: The Relationships With Depressive and Insomnia Symptoms
During COVID-19 12, Front Psychiatry 2021;12.
doi:10.3389/fpsyt.2021.615387

Ota A, Yasuda N, Okamoto Y, et al. Relationship of Job Stress with

Nicotine Dependence of Smokers—A Cross - Sectional Study of Female

Nurses in a General Hospital. J Occup Health 2004;46:220—4.
doi:10.1539/joh.46.220

Kawakami N, Araki S, Haratani T, et al. Relations of Work Stress to Alcohol
Use and Drinking Problems in Male and Female Employees of a Computer
Factory in Japan. Environ Res 1993;62:314-24.
doi:10.1006/enrs.1993.1116

Jung Y, Oh J, Huh S, et al. The Effects of Employment Conditions on
Smoking Status and Smoking Intensity: The Analysis of Korean Labor &
Income Panel 8th—-10th Wave. PLoS ONE 2013;8:e57109.
doi:10.1371/journal.pone.0057109

Kawakami N, Haratani T. Epidemiology of Job Stress and Health in Japan:
Review of Current Evidence and Future Direction. Ind Health 1999;37:174—
86. doi:10.2486/indhealth.37.174

Jang T, Kim H, Lee H, et al. Long Work Hours and Obesity in Korean Adult
Workers. J Occup Health 2013;55:359-66. doi:10.1539/joh.13-0043-0OA

Fukuda Y, Nakamura K, Takano T. Socioeconomic pattern of smoking in
Japan: income inequality and gender and age differences. Ann Epidemiol
2005;15:365-72.

Ichimura H, Hashimoto H, Shimizutani S. Japanese Study of Aging and
Retirement: JSTAR First Results 2009 Report: Contents/Chapter 1
Introduction. 2009. http://hdl.handle.net/10086/17551 (accessed 22 Jan
2022).

Karasek R, Brisson C, Kawakami N, et al. The Job Content Questionnaire
(JCQ): An instrument for internationally comparative assessments of
psychosocial job characteristics. J Occup Health Psychol 1998;3:322-55.

36

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

38

39

40

41

42

43

44

45

46

47

48

BMJ Open

doi:10.1037/1076-8998.3.4.322

Fransson EIl, Nyberg ST, Heikkila K, et al. Comparison of alternative
versions of the job demand-control scales in 17 European cohort studies:
the IPD-Work consortium. BMC  Public Health 2012;12:62.
doi:10.1186/1471-2458-12-62

Min J, Lee K, Park J, et al. Social Engagement, Health, and Changes in
Occupational Status: Analysis of the Korean Longitudinal Study of Ageing
(KLoSA). PLoS ONE 2012;7:e46500. doi:10.1371/journal.pone.0046500

Siegrist J, Wege N, Puhlhofer F, et al. A short generic measure of work
stress in the era of globalization: effort—reward imbalance. Int Arch Occup
Environ Health 2009;82:1005-13. doi:10.1007/s00420-008-0384-3

Chalasani N, Younossi Z, Lavine JE, et al. The Diagnosis and
Management of Non-alcoholic Fatty Liver Disease: Practice Guideline by
the American Gastroenterological Association, American Association for
the Study of Liver Diseases, and American College of Gastroenterology.
Gastroenterology 2012;142:1592—609. doi:10.1053/j.gastro.2012.04.001

Hiro H, Kawakami N, Tanaka K, et al. Association between job stressors
and heavy drinking: age differences in male Japanese workers. Ind Health
2007;45:415-25.

lkeda A, Iso H, Toyoshima H, et al. Marital status and mortality among
Japanese men and women: the Japan Collaborative Cohort Study. BMC
Public Health 2007;7:73. doi:10.1186/1471-2458-7-73

Morikawa Y, Nakagawa H, Miura K, et al. Shift work and the risk of
diabetes mellitus among Japanese male factory workers. Scand J Work
Environ Health 2005;:179-83.

Kitano HH, Chi |, Rhee S, et al. Norms and alcohol consumption: Japanese
in Japan, Hawaii and California. J Stud Alcohol 1992;53:33-9.

Kouvonen A, Kivimaki M, Elovainio M, et al. Low organisational justice and
heavy drinking: a prospective cohort study. Occup Environ Med
2008;65:44-50.

Ota A, Masue T, Yasuda N, et al. Association between psychosocial job
characteristics and insomnia: an investigation using two relevant job stress
models—the demand-control-support (DCS) model and the effort-reward
imbalance (ERI) model. Sleep Med 2005;6:353-8.
doi:10.1016/j.sleep.2004.12.008

Dawson DA, Grant BF, Ruan WJ. THE ASSOCIATION BETWEEN
STRESS AND DRINKING: MODIFYING EFFECTS OF GENDER AND
VULNERABILITY. Alcohol Alcohol 2005;40:453-60.
doi:10.1093/alcalc/agh176

37

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

Page 38 of 46


http://bmjopen.bmj.com/

Page 39 of 46

oNOYTULT D WN =

49

50

51

52

53

54

55

56

57

58

59

60

BMJ Open

Becker SJ, Marceau K, Hernandez L, et al. Is it Selection or Socialization?
Disentangling Peer Influences on Heavy Drinking and Marijuana Use
Among Adolescents Whose Parents Received Brief Interventions. Subst
Abuse Res Treat 2019;13:117822181985264.
doi:10.1177/1178221819852644

Lu W, Xu J, Taylor AW, et al. Analysis of the alcohol drinking behavior and
influencing factors among emerging adults and young adults: a
cross-sectional study in Wuhan, China. BMC Public Health 2019;19:458.
doi:10.1186/s12889-019-6831-0

Wendt S, Mohr C, Wang M, et al. Proximal Predictors of Alcohol Use
among Japanese College Students. Subst Use Misuse 2018;53:763—72.
doi:10.1080/10826084.2017.1365086

Makimoto K. Drinking patterns and drinking problems among
Asian-Americans and Pacific Islanders. Alcohol Health Res World
1998;22:270.

Lee K. Gender-specific relationships between alcohol drinking patterns and
metabolic syndrome: the Korea National Health and Nutrition Examination
Survey 2008. Public Health Nutr 2012;15:1917-24.
doi:10.1017/S136898001100365X

Eum K-D, Li J, Lee H-E, et al. Psychometric properties of the Korean
version of the effort-reward imbalance questionnaire: a study in a
petrochemical company. Int Arch Occup Environ Health 2007;80:653-61.
doi:10.1007/s00420-007-0174-3

Wang Y, Ramos A, Wu H, et al. Relationship between occupational stress
and burnout among Chinese teachers: a cross-sectional survey in
Liaoning, China. Int Arch Occup Environ Health 2015;88:589-97.
doi:10.1007/s00420-014-0987-9

McCreary DR, Sadava SW. Stress, drinking, and the adverse
consequences of drinking in two samples of young adults. Psychol Addict
Behav 1998;12:247—61. doi:10.1037/0893-164X.12.4.247

Boo S, Oh H. Women’s Smoking: Relationships Among Emotional Labor,
Occupational Stress, and Health Promotion. Workplace Health Saf
2019;67:361-70. doi:10.1177/2165079918823214

Nakata A, Takahashi M, lkeda T, et al. Active and passive smoking and
depression among Japanese workers. Prev Med 2008;46:451-6.
doi:10.1016/j.ypmed.2008.01.024

Rauschenbach C, Krumm S, Thielgen M, et al. Age and work-related
stress: a review and meta-analysis. J Manag Psychol 2013;28:781-804.
doi:10.1108/JMP-07-2013-0251

Prayle AP, Hurley MN, Smyth AR. Compliance with mandatory reporting of
38

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

clinical trial results on ClinicalTrials.gov: cross sectional study. BMJ
2012;344:d7373-d7373. doi:10.1136/bm;.d7373

61 Albertsen K, Hannerz H, Borg V, et al. Work environment and smoking
cessation over a five-year period. Scand J Public Health 2004;32:164—71.
doi:10.1080/14034940310017779

62 Cho H-J, Khang Y-H, Jun H-J, et al. Marital status and smoking in Korea:
The influence of gender and age. Soc Sci Med 2008;66:609-19.
doi:10.1016/j.socscimed.2007.10.005

63 Borland R, Partos TR, Cummings KM. Systematic Biases in
Cross-sectional Community Studies may Underestimate the Effectiveness
of Stop-Smoking Medications. Nicotine Tob Res 2012;14:1483-7.
doi:10.1093/ntr/nts002

64 Pan A, Schernhammer ES, Sun Q, et al. Rotating Night Shift Work and
Risk of Type 2 Diabetes: Two Prospective Cohort Studies in Women. PLoS
Med 2011;8:e1001141. doi:10.1371/journal.pmed.1001141

65 Macleod J. Are the effects of psychosocial exposures attributable to
confounding? Evidence from a prospective observational study on

psychological stress and mortality. J Epidemiol Community Health
2001;55:878-84. doi:10.1136/jech.55.12.878

Figure 1 Flow chart of the Korean cross-sectional study sample selection

Figure 2 Flow chart of the Japanese cross-sectional study sample selection

39

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

Page 40 of 46


http://bmjopen.bmj.com/

Page 41 of 46

oNOYTULT D WN =

BMJ Open

KLoSA

10,254 Wave 1 participants

v

—————— g 6,294 not eligible (not working)

344 with exposure missing excluded
334 missing data
10 refused to answer

N=3,616
L_ ——————————— » 2 with outcome missing excluded
\

N=3,614
———————————— > 136 with covariates missing
v

N=3,478

(analytical sample)

301x250mm (96 x 96 DPI)

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

yBuAdoo Aq paroalold 1senb Aq £20z ‘6 dy uo /wod*(wg uadolwg//:dny woij papeojumoq "220z 1snbny Gz Uo 8EG£90-220z-uadolwag/oeTT 0T s paysiignd 1sul :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

JSTAR
5,302 Wave 1 participants

———————————— g 2,493 not eligible (not working)

A A

———————————— » 346 with exposure missing excluded

N=2,463
L_ ——————————— M 482 with outcome missing excluded
3

N=1,981
____________ » 477 with covariates missing
v

N=1,504

(analytical sample)

302x260mm (96 x 96 DPI)

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

Page 42 of 46

yBuAdoo Aq paroalold 1senb Aq £20z ‘6 dy uo /wod*(wg uadolwg//:dny woij papeojumoq "220z 1snbny Gz Uo 8EG£90-220z-uadolwag/oeTT 0T s paysiignd 1sul :uado NG


http://bmjopen.bmj.com/

=5
Page 43 of 46 BMJ Open %
e]
@
3
: S
1 Supplementary Information S
2 h
o
3 Additional file 1: I
(6]
g Supplemental Table 1. ORs (95% CI) of the association between Effort-reward Imbalance and current smokéss by gender
3
6 Modell Model2 B Model3
7 male female male female > male female
g ERI(tertiles) OR(95%CI) p-value OR(95%ClI) p-value OR(95%Cl) p-value OR(95%CI) p-value %)R(QS%CI) p-value OR(95%Cl) p-value
10 Korea §
11 T1(reference) 1.00 1.00 1.00 1.00 N 1.00 1.00
O
12 T2(middle) 1.45(1.20,1.76) <0.001  0.65(0.28,1.50)  0.31 1.26(1.03,1.55)  0.03  0.63(0.26,1.55)  0.32 2 1.29(1.05,1.58)  0.01  0.70(0.29,1.71)  0.44
13
14 T3(upper-ERI) 1.84(1.50,2.25) <0.001 1.27(0.59,2.73)  0.54 1.49(1.19,1.85) <0.001 1.03(0.44,2.42)  0.95 51.54(1.24,1.91) <0.001 1.15(0.50,2.64)  0.75
QD
15 p for linear trend <0.001 0.64 <0.001 0.96 % <0.001 0.75
o
16 N 2431 1047 2431 1047 ) 2509 1104
17 =
18 Japan(1+2) =y
19 Ti(reference) 1.00 1.00 1.00 1.00 2 1.00 1.00
o
;? T2(middle) 1.44(1.0451.94)  0.02  1.34(0.73,2.46) 0.34 1.37(1.00,1.87)  0.05  1.23(0.65,2.30)  0.52 3.1.36(1.03,1.79)  0.03  1.07(0.66,1.73)  0.80
o
22 T3(upper-ERI) 1.62(1.16,2.27) 0.004  1.32(0.66,2.62)  0.43 1.52(1.06,2.17) ~ 0.02  1.14(0.56,2.34)  0.72 }E 1.58(1.17,2.14)  0.003  1.05(0.62,1.78)  0.85
23 p for linear trend 0.003 0.41 0.02 0.71 %’ 0.002 0.85
24 Japan(2+4) '8.
25
26 T1(reference) 1.00 1.00 1.00 1.00 g 1.00 1.00
27 T2(middle) 1.49(1.10,2.01)  0.01  1.59(0.86.2,96)  0.14 1.41(1.03,1.93)  0.03  1.53(0.81,2.89)  0.19 ; 1.33(1.02,1.74)  0.04  1.35(0.84,2.18)  0.21
©
28 T3(upper-ERI) 1.48(1.06,2.08)  0.02  1.33(0.69,2.55)  0.40 1.40(0.98,2.02)  0.07  1.13(0.58,2.21)  0.72 =1.47(1.09,1.99) 0.01  1.32(0.76,2.28)  0.32
©
gg p for linear trend 0.01 0.39 0.05 0.73 N 0.01 0.29
31 N 977 527 977 527 N 1388 904
=
32 S
33 S
34 Model1:Adjusted for age =
o
35 e
o
36 . . . y . o)
37 Model2:Model1+ education, marital status, working position, working hours %
o
38 g
39 Model3:Model1+ education, marital status, working position, working hours (after Ml 8
40 agp g S
<
4 &
42 =y
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45


http://bmjopen.bmj.com/

oNOYTULT D WN =

S
BMJ Open %. Page 44 of 46
ke,
g
Supplemental Table 2. ORs (95% CI) of the association between Effort-reward Imbalance and drinking levelg;by gender
Modell Model2 g Model3
o)
W
male female male female 8 male female
ERI(tertiles) OR(95%Cl) p-value OR(95%Cl) p-value OR(95%Cl) p-value OR(95%Cl) p-value g OR(95%Cl) p-value OR(95%Cl) p-value
N
Korea o
z
nondrinker(baseoutcome) 1.00 1.00 1.00 1.00 ‘g 1.00 1.00
7]
moderate drinker N
N
T1(reference) 1.00 1.00 1.00 1.00 N 1.00 1.00
v
T2(middle) 0.95(0.76,1.19) 0.66 1.06(0.76,1.47) 0.75 1.00(0.79,1.26) 0.98 1.05(0.74,1.50) 0.77 % 1.36(0.90,2.05) 0.14 1.00(0.33,3.06) 1.00
3
T3(upper-ERI) 1.09(0.86,1.38) 0.47 1.22(0.85,1.75) 0.29 1.20(0.92,1.55) 0.17 1.19(0.81,1.75) 0.39 § 1.26(0.80,2.00) 0.32 1.36(0.44,4.24) 0.59
@
p for linear trend 0.57 0.31 0.21 0.40 9: 0.27 0.60
o
heavy drinker 3
=
Ti(reference) 1.00 1.00 1.00 1.00 ° 1.00 1.00
T2(middle) 0.99(0.75,1.32) 0.97 0.97(0.43,2.18) 0.94 0.94(0.70,1.26) 0.68 1.01(0.43,2.39) 0.98 cgr 1.96(0.83,1.36) 0.62 0.89(0.64,1.23) 0.48
=
T3(upper-ERI) 1.63(1.23,2.16)  0.001 1.05(0.43,2.58) 0.92 1.53(1.13,2.08)  0.006 1.05(0.39,2.79) 0.92 B 1.42(1.09,1.86) 0.01 1.22(0.86,1.73) 0.26
>
p for linear trend 0.001 0.93 0.01 0.92 %_ 0.01 0.31
N 2431 1047 2431 1047 § 2509 1104
Japan(1+2) S
. >
moderate drinker °
T1(reference) 1.00 1.00 1.00 1.00 i 1.00 1.00
o
T2(middle) 0.63(0.42,0.94) 0.03 0.89(0.55,1.45) 0.65 0.66(0.44,1.00) 0.05 0.92(0.56,1.49) 0.72 'Y 0.73(0.52,1.01) 0.06 1.07(0.72,1.60) 0.75
=3
T3(upper-ERI) 0.63(0.40,0.97) 0.04 1.33(0.76,2.22) 0.34 0.66(0.41,1.05) 0.08 1.37(0.79,2.39) 0.27 ; 0.89(0.62,1.27) 0.51 1.16(0.75,1.80) 0.51
c
p for linear trend 0.03 0.39 0.08 0.31 & 0.51 0.51
. o
heavy drinker §
@
T1(reference) 1.00 1.00 1.00 1.00 % 1.00 1.00
o
T2(middle) 0.61(0.41,0.89) 0.01 0.94(0.51,1.73) 0.85 0.61(0.41,0.91) 0.02 0.97(0.52,1.82) 0.92 g 0.68(0.50,0.93) 0.02 1.12(0.65,1.94) 0.69
)
T3(upper-ERI) 0.56(0.36,0.85)  0.007 1.09(0.54,2.21) 0.82 0.54(0.35,0.85)  0.008 1.17(0.56,2.44) 0.68 S 0.68(0.48,0.96) 0.03 1.04(0.56,1.93) 0.91
<
p for linear trend 0.005 0.84 0.006 0.71 Lg 0.03 0.89

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


http://bmjopen.bmj.com/

Page 45 of 46 BMJ Open

1 Japan(2+4)

2 moderate drinker

2 T1(reference) 1.00 1.00 1.00 1.00 1.00 1.00

5 T2(middle) 0.80(0.54,1.20) 0.29 1.00(0.61,1.65) 0.99 0.84(0.55,1.27) 0.40 0.99(0.60,1.65) 0.97 0.95(0.69,1.31) 0.75 1.16(0.79,1.72) 0.45
? T3(upper-ERI) 0.58(0.37,0.90) 0.02 1.23(0.74,2.03) 0.43 0.59(0.37,0.95) 0.03 1.32(0.78,2.22) 0.30 0.85(0.59,1.22) 0.37 1.22(0.77,1.93) 0.40
8 p for linear trend 0.02 0.43 0.03 0.31 0.37 0.37
9 heavy drinker

10

11 T1(reference) 1.00 1.00 1.00 1.00

1 g T2(middle) 0.79(0.54,1.15) 0.22 0.89(0.48,1.65) 0.70 0.78(0.53,1.17) 0.23 0.89(0.48,1.68) 0.73 0.86(0.63,1.17) 0.34 0.78(0.46,1.32) 0.36
14 T3(upper-ERI) 0.56(0.37,0.85) 0.007 0.74(0.38,1.44) 0.38 0.54(0.35,0.85) 0.007 0.78(0.39,1.54) 0.47 0.66(0.47,0.94) 0.02 0.83(0.45,1.55) 0.57
:2 p for linear trend 0.007 0.38 0.007 0.47 0.02 0.49
17 N 977 527 977 527 1388 904

18

19

20

2 Model1:Adjusted for age

23 Model2:Model1+ education, marital status, working position, working hours

26 Model3:Model1+ education, marital status, working position, working hours (after Ml)
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title 1-2
or the abstract
(b) Provide in the abstract an informative and balanced summary of 2-3
what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation 4-8
being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 8
Methods
Study design Present key elements of study design early in the paper 9-10
Setting Describe the setting, locations, and relevant dates, including periods of | 9-10
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of 10-11
selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential 11-14
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of 11-14
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 27,29
Study size 10 Explain how the study size was arrived at 10-11
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 11-14
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for | 14-15
confounding
(b) Describe any methods used to examine subgroups and interactions 15
(¢) Explain how missing data were addressed 10,15
(d) If applicable, describe analytical methods taking account of 14-15
sampling strategy
(e) Describe any sensitivity analyses 11,1524
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 10
potentially eligible, examined for eligibility, confirmed eligible,
included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 10
(c) Consider use of a flow diagram 11
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, | 16-18
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable | 10
of interest
Outcome data 15*¥  Report numbers of outcome events or summary measures 16-18
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18-26

Main results 16 (a) 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
(b) Report category boundaries when continuous variables were 12-15
categorized
(c) If relevant, consider translating estimates of relative risk into /
absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and 11,15,
interactions, and sensitivity analyses 18,24
Discussion
Key results 18 Summarise key results with reference to study objectives 27
Limitations 19 Discuss limitations of the study, taking into account sources of 28-30
potential bias or imprecision. Discuss both direction and magnitude of
any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, | 28-30
limitations, multiplicity of analyses, results from similar studies, and
other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 28-31
Other information
Funding 22 Give the source of funding and the role of the funders for the present 33

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

article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.

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

- S

o

o~

N Y

o~


http://bmjopen.bmj.com/

