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Abstract
Background and Objectives: Work stress is a risk factor that may be partially responsible for increased cardiovascular morbidity
and mortality. One of the proposed pathways is through unhealthy behaviours. 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 Korea and Japan.

Methods: This 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) 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, the statistical power was over 80% for
odds ratios (ORs) greater than 1.3 in Korea and 1.6 in Japan. Moreover, this research additionally examines the potential interaction
between ERI and gender.

Results: Smoking and drinking were signi�cantly associated with the ER ratio in the Korean analysis (N=3,478). After the model was
fully adjusted, the OR (95% CI) and RRR (95% CI) were 1.45 (1.17-1.80) and 1.43 (1.09-1.90), respectively. In Japan (N=1,504),
smoking was associated with the ER ratio (OR 1.37 (1.00-1.87)); however, drinking was not. No statistically signi�cant 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 signi�cantly 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.

Background
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 signi�cantly 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 satis�ed 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, 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
signi�cantly 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, including smoking, alcohol consumption, diet and exercise, 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 based on two Finnish cohort studies 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 Rödel, in their meta-analysis of 18 articles, investigated the association between work-related stress and alcohol
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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 a variety of cross-sectional studies failed to determine the association between work-
related stress and heavy episodic drinking, some European studies found that 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 satis�ed 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 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 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 speci�c 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, smoking and heavy alcohol consumption, in Korea and Japan by using two well-known ageing datasets, JSTAR and
KLoSA [6, 36]. To focus on 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 Methodology section will provide further details of the variables used in the analysis.

Aims, Objectives and Hypotheses

This study aims to apply the ERI model to evaluate work-related stress and explore its association with the prevalence of smoking
and drinking in Korea and Japan among working participants aged 45 years or more. Most importantly, this research aims to
examine whether work stress is positively associated with smoking and higher levels of drinking after adjustment for a wide range
of available covariates. 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 �ndings.

Methods
Study design
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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 [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. The KLoSA follow-up surveys were then
conducted every two years. 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, 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 �rst 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.

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 492 participants were excluded from the
analysis due to missing data, which accounted for 12.4% 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 87.6% of the Korean eligible sample was analysed, while only approximately half of the eligible Japanese sample was
included in the analysis.

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 questions were used to measure “efforts” and
“rewards” (“ERI [2+4]”), respectively. In 2008, 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 re�ect
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. 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

Effort *My job requires lots of physical
effort.

*My current job involves physical labour.

N/A *I have a lot of work and always feel time pressure.

Reward *I feel my job is secure. Do you think it is likely that you could lose your current job for a reason other
than retirement?

*I am satis�ed with current
wage.

*Considering the effort I put in and the results I produce, I am satis�ed with my
current pay.

N/A *I receive appropriate evaluation on my work from co-workers.

N/A *When I 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 smoking and drinking. 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 classi�ed 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, I smoke now; (2) I smoked in the
past, but I have quit; (3) No, I have never smoked regularly. To ensure comparability between the two countries, participants who
chose Option (1) were regarded as current smokers, and those who selected (2) or (3) were classi�ed as non-smokers.

Drinking was used as a categorical outcome in the analysis. First, the weekly ethanol intake 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 classi�ed individuals in Korea and Japan into three groups: non-drinkers, moderate drinkers,
and heavy drinkers [25]. Males who drank between 0~210 g ethanol 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 classi�ed into four categories. In Korea, it was classi�ed into elementary
schools, middle schools, high schools and universities; in Japan, it was categorised as elementary and middle schools, vocational
schools, high schools, and universities. Marital status was classi�ed into �ve 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
classi�ed 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 and relative risk ratios
(RRRs) were used to evaluate the association between ERI and drinking. In both analyses, the associations between ERI and two
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outcomes were analysed in the same order of adjustment. For all the analyses, four adjusted models were �tted: (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 �t indices of the regression models, including and excluding
the corresponding interaction terms, were compared. (See Supplementary Table 1 and Table 2, Additional File 1).

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 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
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)

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) 330(21.9)

middle 635(18.3)

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
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Variables Korea Japan

Number(%) Number(%)

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    

ethanol 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 modi�cation
To examine whether gender interactions exist in the association between ERI and smoking or drinking, likelihood ratio tests for
interactions were performed. In terms of the association between ERI and smoking, no statistically signi�cant 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 signi�cant interaction was found; the p value was 0.82 in Korea and 0.19 in Japan. The complete results
of gender-speci�c analyses are shown in Supplementary Table 1 and Table 2 (Additional File 1). Although there was no statistically
signi�cant gender interaction, the results were different between men and women; for example, the number of female smokers was
quite low. Thus, the results of gender-speci�c analyses are shown in supplementary tables.

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-speci�c association between ERI and health behaviours was also explored (see Supplementary Table 1 and Table 2,
Additional File 1).

Smoking
As shown in Table 3, all the results were statistically signi�cant (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
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% 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 signi�cant (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 RRR (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 signi�cant (p>0.05). Statistically signi�cant results were obtained when
examining the association between the upper tertile of ERI and heavy drinking. The RRR (95%CI) in Model 4 was 1.43 (1.09-1.90).
Additionally, gender takes major accounts for the largest change in RRRs in Model 2.

In addition, analysis, place of residence was taken into consideration. Participants were classi�ed 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% CI) of the association between Effort-reward Imbalance and current smokers and drinkers in Korea

Korea Model1 Model2 Model3 Model4

ERI(tertiles) OR(95%CI) p
value

OR(95%CI) p
value

OR(95%CI) p
value

OR(95%CI) p
value

Smoking                

T1(reference) 1.00   1.00   1.00   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

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) 0.001

p for linear
trend

  <0.001   <0.001   <0.001   0.001

Drinking                

non-drinker 1.00   1.00   1.00   1.00  

moderate
drinker

               

T1(reference) 1.00   1.00   1.00   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(0.83,1.21) 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) 0.20 1.15(0.93,1.42) 0.21

p for linear
trend

  0.45   0.34   0.36   0.24

heavy drinker                

T1(reference) 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

T3(upper-
ERI)

1.31(1.04,1.67) 0.02 1.60(1.24,2.07) <0.001 1.45(1.10,1.91) 0.008 1.43(1.09,1.90) 0.01

p for linear
trend

  0.07   0.001   0.01   0.02

Model1:Adjusted for age

Model2:Model1+gender

Model3:Model2+education, marital status

Model4:Model3+working position, working hours

 

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 35.3–31.1%. 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.
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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-speci�c association between ERI and health behaviours [15]. These results are shown
in Supplementary Table 1 and Table 2 (Additional File 1).

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 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.

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

Japan-
smoking

Model1 Model2 Model3 Model4

ERI (tertiles) OR(95%CI) p
value

OR(95%CI) p
value

OR(95%CI) p
value

OR(95%CI) 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) 0.04 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) 0.05 1.37(1.01,1.89) 0.05

p for linear
trend

  0.004   0.003   0.04   0.04

Japan(2+4)                

T1(reference) 1.00   1.00   1.00   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(1.18,2.14) 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) 0.19 1.17(0.87,1.58) 0.29

p for linear
trend

  0.05   0.05   0.19   0.29

Model1:Adjusted for age

Model2:Model1+gender

Model3:Model2+education, marital status

Model4:Model3+working position, working hours

 

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
RRRs (95% CI) of the association between ERI and drinking levels in Japan

Japan-drinking Model1 Model2 Model3 Model4

ERI (tertiles) RRR(95%CI) p
value

RRR(95%CI) p
value

RRR(95%CI) p
value

RRR(95%CI) p
value

Japan(1+2)                

Non-drinker 1.00   1.00   1.00   1.00  

moderate
drinker

               

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) 0.09 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) 0.63 0.91(0.64,1.29) 0.59

p for linear
trend

  0.40   0.26   0.53   0.50

heavy drinker                

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) 0.03 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) 0.06 0.71(0.50,1.04) 0.08

p for linear
trend

  0.08   0.05   0.04   0.05

Japan(2+4)                

moderate
drinker

               

T1(reference) 1.00   1.00   1.00   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   0.40   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) 0.18 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) 0.04 0.71(0.51,0.99) 0.04

p for linear
trend

  0.09   0.04   0.04   0.04

Model1:Adjusted for age

Model2:Model1+gender

Model3:Model2+education, marital status

Model4:Model3+working position, working hour

 

Sensitivity analysis of JSTAR
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The results of smoking sensitivity analysis are shown in the bottom part of Table 4. No statistically signi�cant differences between
the top and bottom ERI tertiles were found when a longer version of ERI was used, while the OR of smoking was signi�cantly
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 �ndings 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 above 45 years old. Moreover, it was found that work-related stress was associated with smoking among
Japanese people aged 50 and above. ERI was not, however, signi�cantly 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 were signi�cant 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 modi�er 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 signi�cantly 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 signi�cant 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 in�uence of drinking
culture tends to be greater than the impact of work-related stress.

However, the subculture and culture norms represent di�cult 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 signi�cant [48]. With a sample size of 26,946 people, this US study could be used to detect the
signi�cant association between stress and drinking [48]. In this thesis, there were few Japanese smoking and drinking cases to
explore any statistically signi�cant effect of job stress, which might be one of the limitations of this study.

Strengths and limitations
This thesis utilised the ERI model with standard questions 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 [36] because many other existing studies were based on only a limited
geographic area or a speci�c occupation or age group [54–57].
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This study �lls 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 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 modi�cation [59]. This study, however, did not take occupation
into account because of the data limitations of JSTAR. Another limitation is the methodological considerations. Due to the cross-
sectional nature, the results could be in�uenced by reporting/recall bias [60]. For instance, heavy drinkers and smokers, especially
among women, may not report their real behaviours. This tendency indicates that variation in personal response tendencies existed
but was di�cult to control [61]. Apart from the possibility of causing outcome misclassi�cation, 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, which were not available in the two datasets,
might in�uence the association between stress and health behaviours [43]. For example, drinking subcultures, a family history of
drinking alcohol, occupation type and parents’ social class were reported as potential confounders in the association between job
stress and smoking or drinking, a behavioural pattern that may lead to under-estimation or over-estimation of the real ORs or RRRs
of the association [46, 64, 65]. For outcome data, this study used standard questions to collect smoking information but could not
obtain information on drinking patterns due to JSTAR data limitations, which hindered this study from further exploring the
different �ndings of Japanese drinking behaviour.

Suggestion for further research
This research is the �rst study to use the ERI model to analyse work-related stress and health behaviours in Korea and Japan
simultaneously, even though non-signi�cant results in terms of work-related stress and drinking were found in Japan due to the
small sample size and reasons noted previously. Previous 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 �ndings of this thesis 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 �lls the gap in this area of knowledge. In terms of the ERI-
drinking association, signi�cant 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. Moreover, when
utilising the ERI model to evaluate work-related stress levels, more data should be collected regarding questions related to extrinsic
effort or work reward dimensions.

Policy implications
The data obtained from this study show that senior employees (aged 45 years and above in Korea and Japan) who live in a heavy
ERI working environment are more likely to smoke. The results of this study show that Korean people are more likely to become
heavy drinkers. Reducing the work-related stress of employees may have a signi�cant impact on improving their healthy
behaviours. Given that workers in Asian countries experience a similar level of work-related stress found among employees in the
West, intervention methods could be learned from Western countries.

Moreover, this study advises relevant government agencies to carry out interventions focused on occupational exposures, especially
work stressors. Research has shown that the workplace has a considerable casual in�uence on smoking cessation, and an
integrated health promotion programme would go a long way in reducing work-related stress while controlling health behaviours
[61, 71]. Based on the ERI model, work-related stress could also be mitigated by interventions in extrinsic efforts and work reward
aspects. Policies should be implemented to control the long work time and excessive work, which would help guarantee reasonable
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periods of rest [72]. Apart from that, welfare policies need to be improved to enhance job security. The performance appraisal
system also needs continuous improvement to provide appropriate evaluation and wages for employees [73, 74]. Implementing
these recommendations would assist elderly Japanese and Korean workers in enjoying the dividends of working in a healthy and
balanced effort-reward work environment.

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 signi�cantly modi�ed 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 was a risk factor in Korea but a protective
factor in Japan. Based on these �ndings, 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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