
lable at ScienceDirect

Annals of Epidemiology 33 (2019) 64e71
Contents lists avai
Annals of Epidemiology
Original article
Hours of work and health in Japan

Shohei Okamoto, MA, MMSc *

Graduate School of Economics, Keio University, Tokyo, Japan
a r t i c l e i n f o

Article history:
Received 13 May 2018
Accepted 2 February 2019
Available online 13 February 2019

Keywords:
Work stress
Health behavior
Health outcome
Socioeconomic
Hours of work
Occupational health
Ethics: Ethical approval was not required because th
analysis. The data for this secondary analysis, “the Ja
and the Keio Household Panel Survey,” were provide

Conflict of interest: The author declares no conflicts o
article.
* Corresponding author. Graduate School of Econom

Mita, Minato-ku, Tokyo, Japan. Tel.: þ81-45-566-1497
E-mail address: shohei@z2.keio.jp.

https://doi.org/10.1016/j.annepidem.2019.02.003
1047-2797/© 2019 Elsevier Inc. All rights reserved.
a b s t r a c t

Purpose: This article aimed to examine the causal relationships of hours of work with health behaviors
and health outcomes.
Method: The data were derived from Japan Household Panel Survey/Keio Household Panel Survey. In
total, data from 2677 men and 2170 women were analyzed to show the effects of hours of work on body
mass index, smoking, and sleeping hours. To deal with the potential endogeneity of decisions about
hours of work, the instrumental variable approach was used.
Results: Hours of work had a negative impact on hours of sleep among men (coefficient [coef.], �0.371;
95% confidence interval [CI], �0.519 to �0.223). Longer hours of work also increased the probability of
men being obese (coef., 1.108; 95% CI, 0.234e1.981) and the number of cigarettes they smoked each day
(coef., 1.007; 95% CI, 0.037e1.978). For women, longer hours of work increased the probability of being
obese (coef., 0.029; 95% CI, 0.009e0.050) and decreased the hours of sleep (coef., �0.416; 95% CI, �0.618
to �0.214).
Conclusions: This article suggests that the health consequences of long hours of work include health
behaviors and health outcomes that can lead to higher risks of morbidity and mortality.

© 2019 Elsevier Inc. All rights reserved.
Introduction

Long hours of work in Japan

In Japan, working long hours is a serious social issue because
there are many problems associated with it, for example, karoshi
or death from overwork, and mental or physical illnesses
including suicide [1]. International comparisons indicate that
Japanese workers work longer hours than those in many other
countries [2]. Figure 1 shows the proportion of working 49 hours
or more per week around the world. In 2015, around 30% of men
and 10% of women in Japanworked long hours. As the proportion
of part-time workers who have relatively shorter hours of work
than that of full-time workers varies, it is difficult to compare
hours of work internationally. However, long hours of work were
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more frequently observed in Japan, whereas the proportion of
part-time workers was high. In the last 2 decades, total hours of
work in the whole workforce have decreased, but this is a result
of the increasing proportion of part-time workers with relatively
short hours of work (Fig. 2). The Ministry of Health, Labor and
Welfare in Japan publishes the white paper on the topic related
to karoshi [1]. There were 840 applications (including 283
deaths) for compensation for industrial accidents due to cerebral
and cardiovascular diseases, and 253 (including 92 deaths) were
recognized as industrial accidents in 2017. Besides, 1732
(including 221 suicides or attempted suicides) applications
were made as industrial accidents due to mental issues, and
506 (including 98 suicides or attempted suicides) were
recognized.

In the Labor Standards Act in Japan, statutory hours of work
must not be beyond 8 hours per day and 40 hours per week in
principle [2,6]. If the notification of agreement on overtime and
holiday work between the employer and employees/union, which
is called “the 36 Agreement,” is submitted, workers can work
longer than these statutory hours of work with extra wage for
overtime work. Although the criterion to limit hours of overtime
work has been noticed by the governmental minister, there is no
punishment for work beyond the criterion and no upper limit for
overtime work hours evenwhen the 36 agreement has been made
with special clauses regarding necessary overtime work. New
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Fig. 1. Proportion of workers working 49 hours or more per week, and part-time employment (%) Created by the author using statistics published by the Japan Institute for Labor
Policy and Training and OECD [3,4]. Data from 2015 except USA (2012) and AUS (2014). The proportion of part-time employment in Hong Kong was not available.
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legislation that legally decides the upper limit of overtime hours
of work with punishment is to be enforced for large enterprises in
April 2019 and for small and medium enterprises in April 2020:
overtime work within 45 hours per month and 360 hours per year
in principle, within 720 hours per year, within 100 hours
per month, and within 80 hours per month averagely in special
case [6].

Labor economics incentives and sociological reasons affect the
existence of long hours of work in the traditional Japanese-style
employment practice, which comprises the bulk hiring of new
graduates, promotion by seniority, and lifetime employment [7].
In practice, inputs of employees expressed by hours of work and
the length of service for the commitment and loyalty to employer
rather than outputs tend to be assessed. According to a survey by
the Cabinet Office in Japan [8], most Japanese workers associate
overtime work with positive opinions, such that they work hard
and have a strong sense of responsibility. Besides, the author
points out that overtime work arises due to “social overtime
work,” making workers feel sorry to leave their workplace,
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Fig. 2. Average hours worked per month among Japanese workers Created by the author usin
[5]. The method for sampling has been changed since 2004, and results might not be adjus
caution.
leaving their colleagues and boss working. Furthermore, most of
the Japanese workers are hired as “generalist” whose job
description is vague, and they have heavy workload as they have
to play various roles at their workplace, including providing on-
the-job-training education for their subordinates. The author
also indicates that the stereotype might result in long hours of
work particularly for men because it is assumed that masculinity
results from performing hard work in the outside world for their
family.

Thus, there are histories of long hours of work in Japan, and
regulations to protect workers are not sufficient. It is therefore
important to take action to reduce long hours of work and prevent
potential health problems by expanding literature about Japanese
cases. One previous study used a Japanese sample [9], but all par-
ticipants were employees of one company, which may have
affected the external validity. It might be also advisable for East
Asian regions, such as South Korea and Hong Kong, where workers
have long hours of work (Fig. 1), to make international comparisons
and have implications on the current topic.
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Related literature and methodological challenges

There have been a number of studies on long hours of work
and health in the fields of epidemiology and occupational health.
Long hours of work can induce fatigue, brain and heart diseases,
and mental illness through increases in workload and distress
and decreases in time for recovery from fatigue [10e15]. A clas-
sical model of human capital implies that allocating more time
for work decreases the available time to maintain health [16]. A
few studies have examined the causal relationships between long
hours of work and health [9,17e19], but most of those in
epidemiology and occupational health have failed to do so. Po-
tential endogeneity caused by the simultaneous equation bias is a
methodological challenge because health and labor supply are
interdependent, being expressed as a “healthy worker effect”
particularly in case where labor supply is affected by their health
[20]. Endogeneity and unobserved heterogeneity, which have
similar effects to the confounding factors, are rarely addressed in
epidemiological and occupational studies, while that is one of the
most important concerns in econometric studies, utilizing
methods, such as panel data analysis and instrumental variable
estimation [21,22]. Thus, many epidemiological and occupational
studies fail to identify the causal relationships between long
hours of work and health.

It is meaningful to investigate both onset of diseases and health
behaviors and health outcome, for example, obesity, smoking, and
sleeping hours, in relation to hours of work because diseases such as
cancer and cardiovascular diseases that are induced by health
behavior, and some health outcomes are likely to occur later in life,
including after retirement [23,24]. Some studies have found no clear
association between long hours of work and health behavior and
health outcomes (i.e. smoking, obesity, alcohol consumption, and
exercise) except for reduced sleep, although there were some cor-
relations [11,25,26]. Others have found that long hours of work were
associated with poorer lifestyles [9,18,27,28]. Obesity is associated
with higher risks of diabetes, vascular disease (i.e. high blood pres-
sure and high cholesterol), and dementia [29e31]. Although the
prevalence of obesity in Japan is the lowest among The Organisation
for Economic Co-operation and Development (OECD) countries [32],
a previous literature reports that the prevalence of overweight and
obesity among a sample of 65,095 middle-aged Japanese men and
women has increased during the 10-year follow-up [33]. Smoking
induces many diseases, such as chronic obstructive pulmonary dis-
ease, cardiovascular disease, and lung cancer [34,35]. It is estimated
that cigarette smoking is one of the largestmortalities attributable to
the preventable risk factors for noncommunicable diseases in Japan
[36]. Sleep disturbance is associated with increased risk of depres-
sion and cardiovascular and cerebrovascular diseases [37e39]. A
report shows that Japanese spend one of their least times on sleeping
in the OECD countries [40]. Thus, these health behaviors and health
outcomes need to be targeted on to reduce the future incidences of
associated diseases [19e24].

This study therefore aimed to verify the causal relationship
between hours of work and health behaviors and health outcomes
in Japan by using an econometric model. This study is expected to
contribute to the literature in two ways. First, the causal relation-
ship between hours of work and health behaviors has not beenwell
investigated by the fields of epidemiology and occupational health
because most studies in epidemiology and occupational health
have not attempted to overcome the empirical challenges of causal
inference. Second, this study used a representative sample of
the Japanese population. As mentioned earlier, long hours of work
is a serious issue in Japan, and differences in the effects of long
hours of work on health behavior and health outcomes may be
observed [11].
Study population and method

Data

Data were drawn from the Japan Household Panel Survey (JHPS)
and the Keio Household Panel Survey (KHPS) conducted by Keio
University in Japan annually. KHPS started in 2004 with a sample of
4000 Japanese men and women aged 20e69 years, dropping to
1400 people in 2007 and 1000 in 2012, and data from 14 waves
(most recently 2017) are available. JHPS began in 2009 with a
sample of 4000 Japanese men and women aged 20 years and over,
and data from ninewaves (to 2017) are available. Respondents were
selected by stratified two-stage random sampling from areas across
Japan. Both surveys include a wide range of questions, aiming to
investigate various social, economic, and health issues.
Outcomes related to health behavior

JHPS and KHPS contain various items related to respondents’
health. This study analyzed health outcomes related to health be-
haviors and health outcomes that increase the risks of future
morbidity andmortality to detect the effect of hours of work, which
was already mentioned earlier. The variables used were body mass
index (BMI), smoking, and hours of sleep (self-reported). BMI was
calculated as body weight (in kilograms) divided by the square of
body height (in meters). Not all waves asked about height, so in-
formation from a previous or later wave was used where necessary.
Obesity (BMI � 30.0 kg per m2) was set as a binary outcome.
Smokingwasmeasured in twoways: whether respondents smoked
or not and the number of cigarettes smoked per day. Respondents
were asked to estimate their hours of sleep.
Estimation and identification strategy

To analyze the effect of hours of work on health, the following
model (1) was used:

yit ¼ a Hours of Workit þ b Xit þ mi þ εit ; i ¼ 1; …; N;

t ¼ 1; … Ti
(1)

where yit denotes health outcomes for individual i in survey wave t
(unbalanced panel). Hours of Work is defined as the average hours
of work per week for respondents in paid work. This was obtained
in eachwave by asking the following: “On average, how long do you
work each week, including overtime?” Those who were not in paid
work were excluded from the analyses because the reason for not
working might be health related. Those who worked on average
more than 18 hours per day were also excluded in case they were
misreporting their situation (thus, 0<Hours of Workit <126) [9].
Xit is a vector of control variables that affect health outcomes,
which were used for the previous work: respondents' age, marital
status, home ownership, and living in a large city [19]. Marital
status was a binary variable with a value of one if a respondent was
married. Home ownership was also a binary variable, taking a value
of one for respondents owning their own house. Living in a large
city was given a value of one for respondents living in a city with a
population of more than 50,000 or in particular districts in Tokyo. mi
is an individual time invariant fixed effect (e.g. educational
attainment, the number of children), and εit is an error term.

There is potential endogeneity between hours of work and
health because workers might reduce their hours of work if they
have any problem with their health. The instrumental variable
approach was used for causal inference, finding a variable corre-
lated with hours of work but not related to respondents' health



Table 2
Results of the first stage analysisy

Variables Men Women

Mean hours of work 0.215**
(0.125 to 0.305)

0.192**
(0.089 to 0.294)

Age 0.219**
(0.079 to 0.358)

�0.313**
(�0.450 to �0.175)

Married �4.556**
(�7.174 to �1.937)

2.254
(�1.184 to 5.691)

House ownership �4.641**
(�7.557 to �1.725)

�1.329
(�3.692 to 1.033)

Living in a large city 4.499
(�0.511 to 9.508)

�2.315
(�5.868 to 1.238)

Constant 20.618**
(12.748 to 28.488)

52.549**
(44.599 to 60.500)

Observations 8471 6613
Number of individuals 2677 2170
Weak identification

test: F-value
16.45 26.61

**P < .01, *P < .05.
y Numbers are coefficients with 95% confidence intervals obtained by using

robust standard errors in parentheses.
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outcomes. The following model (2) is assumed to explain the re-
spondents’ hours of work:

Hours of Workit ¼g

P
Hours of WorkIndustry; Full;t �Hoursof Workit

NIndustry; Full; t � 1

þdXit þeit
(2)

where Hours of WorkIndustry; Full;t denotes average hours of work for
the respondents, by employment pattern (full- or part-time), and
industry defined using similar categorization to the International
Standard Industrial Classification of All Economic Activities.
NIndustry; Full; t denotes the sample size by industry and employment
status. Thus, the instrument variable indicates the average hours of
work by employment pattern and industry excluding a respondent
himself/herself. The variable is suitable to represent hours of work
for a respondent because employment status (full- or part-time)
affects hours of work [41]. Industry can also affect hours of work
because working style can vary across industries and sectors [41].
Xit includes the same control variables as in Equation (1).

The instrumental variable estimation was carried out separately
for men and women. Those aged 60 years and over were excluded
because around 80% of enterprises in Japan set 60 years as the
retirement age, although some people continue to work after this
age [42]. The final numbers of sample sizes are 8471 person-year
(2677 individuals) for men and 6613 person-year (2170 in-
dividuals) for women. Another estimation with the lagged inde-
pendent variable was used to check whether hours of work have
any time-lagged effects on health behaviors because the effects of
hours of work on health might not appear immediately. The
endogeneity of hours of work and health can be a problem, but
some studies have suggested that hours of work may be exogenous
because employees cannot always choose how long they work
[9,43]. This study evaluated whether hours of work can be regarded
as exogenous using the DurbineWueHausman test. All analyses
used Stata version 15.1. Table 1 shows the descriptive statistics of
outcomes and independent variables.
Results

Table 2 shows the results of the first stage estimation, which
indicates that the instrument is relevant to hours of work [11,44].
Table 3 shows the results of the second stage analysis. Endogeneity
needs to be considered for BMI andbeingobese formenaccording to
the results of the DurbineWueHausman test. For these outcomes,
results from the instrumental variable approach are more reliable
than those using standard ordinary least squares method [45].
Table 1
Descriptive statistics

Variables

BMI
Obesity
Smoke or not
The number of cigarettes smoked per day
Hours of sleep
Hours of work (per week)
Instrument (mean hours of work by industry and employment status)
Age
Married
House ownership
Living in a large city
Causal impacts of hours of work on health behaviors and health
outcomes were observed as follows. For men, hours of work had a
negative impact on hours of sleep (coefficient [coef.], �0.371; 95%
confidence intervals [CI], �0.519 to �0.223). Longer hours of work
increased the probability of being obese (coef., 1.108; 95% CI,
0.234e1.981) and the number of cigarettes smoked each day (coef.,
1.007; 95% CI, 0.037e1.978). For women, longer hours of work
increased the probability of being obese (coef., 0.029; 95% CI,
0.009e0.050) and sleeping less (coef., �0.416; 95% CI, �0.618
to �0.214).
Lagged model for hours of work

As the effects of hours of work on health might not appear
immediately, the estimations were also carried out with a lagged
variable for hours of work in the previous year. Endogeneity needed
to be considered for obesity in men and hours of sleep for women
(Table 4). The only significant finding was that men who had
worked longer hours the previous year were likely to sleep less
(coef., �0.168; 95% CI, �0.317 to �0.018). No other outcomes for
men or women were linked to hours of work in the previous year.
Discussion

This study aimed to verify the causal relationship of hours of
work with health behaviors and health outcomes in Japan by using
an econometric model. The analyses using the instrumental
Men (n ¼ 8471) Women (n ¼ 6613)

Mean Std. Dev. Mean Std. Dev.

26.31 5.12 21.22 4.01
0.21 0.41 0.03 0.17
0.39 0.49 0.15 0.36
7.42 10.81 2.02 5.57
6.35 1.06 6.27 1.02

47.04 15.99 31.60 16.37
41.57 6.97 33.95 7.66
43.71 9.61 43.62 9.70
0.76 0.43 0.71 0.46
0.77 0.42 0.77 0.42
0.22 0.41 0.21 0.41



Table 3
Results of estimationy

Variables BMI Obesity Smoke dummy Smoking amount Sleeping hours

FE FE þ IV FE FE þ IV FE FE þ IV FE FE þ IV FE FE þ IV

Men
Hours of
work/100

0.115
(�0.247 to 0.478)

5.301
(�0.311 to 10.912)

�0.022
(�0.061 to 0.017)

1.108*
(0.234 to 1.981)

0.021
(�0.027 to 0.069)

�0.117
(�0.845 to 0.611)

1.007*
(0.037 to 1.978)

�4.757
(�22.412 to 12.898)

�0.371**
(�0.519 to �0.223)

�2.43
(�4.952 to 0.092)

Age 0.249**
(0.217 to 0.282)

0.266**
(0.237 to 0.296)

0.014**
(0.011 to 0.017)

0.018**
(0.014 to 0.022)

�0.013**
(�0.017 to �0.010)

�0.014**
(�0.017 to �0.011)

�0.342**
(�0.413 to �0.272)

�0.362**
(�0.444 to �0.280)

�0.008*
(�0.016 to �0.001)

�0.015**
(�0.026 to �0.004)

Married 0.385
(�0.224 to 0.994)

0.255
(�0.249 to 0.758)

�0.008
(�0.070 to 0.055)

�0.036
(�0.096 to 0.024)

0.006
(�0.055 to 0.068)

0.010
(�0.039 to 0.059)

0.991
(�0.219 to 2.201)

1.136*
(0.044 to 2.228)

0.101
(�0.069 to 0.271)

0.152
(�0.016 to 0.320)

House
ownership

0.039
(�0.341 to 0.420)

0.115
(�0.200 to 0.431)

0.025
(�0.014 to 0.064)

0.042*
(0.000 to 0.083)

�0.019
(�0.071 to 0.032)

�0.021
(�0.064 to 0.021)

�0.168
(�1.144 to 0.808)

�0.252
(�1.044 to 0.539)

�0.065
(�0.182 to 0.053)

�0.095
(�0.215 to 0.026)

Living in a
large city

0.864**
(0.289 to 1.439)

0.987**
(0.522 to 1.453)

0.036
(�0.034 to 0.106)

0.063
(�0.002 to 0.129)

0.020
(�0.035 to 0.075)

0.017
(�0.030 to 0.063)

0.221
(�1.069 to 1.510)

0.083
(�0.924 to 1.090)

0.020
(�0.161 to 0.201)

�0.029
(�0.218 to 0.160)

Constant 14.858**
(13.421 to 16.295)

11.671**
(7.225 to 16.117)

�0.416**
(�0.559 to �0.274)

�1.111**
(�1.732 to �0.490)

0.980**
(0.835 to 1.125)

1.065**
(0.592 to 1.538)

21.246**
(18.232 to 24.259)

24.788**
(12.021 to 37.556)

6.862**
(6.513 to 7.211)

8.127**
(6.476 to 9.779)

Endogeneity
test

P ¼ .0471* P ¼ .0025** P ¼ .7082 P ¼ .5153 P ¼ .0851

Observations 8471
Number of id 2677

Women
Hours of
work/100

0.129
(�0.301 to 0.558)

�1.236
(�5.781 to 3.309)

0.029**
(0.009 to 0.050)

�0.014
(�0.284 to 0.255)

0.005
(�0.032 to 0.041)

0.198
(�0.230 to 0.626)

0.137
(�0.508 to 0.782)

3.190
(�4.022 to 10.402)

�0.416**
(�0.618 to �0.214)

�2.558*
(�4.974 to �0.142)

Age �0.032*
(�0.062 to �0.001)

�0.029*
(�0.053 to �0.005)

0.001
(�0.001 to 0.002)

0.001
(�0.000 to 0.002)

�0.004**
(�0.007 to �0.002)

�0.005**
(�0.007 to �0.003)

�0.067**
(�0.105 to �0.029)

�0.073**
(�0.106 to �0.041)

�0.015**
(�0.023 to �0.006)

�0.011*
(�0.019 to �0.002)

Married 0.543*
(0.093 to 0.992)

0.479*
(0.093 to 0.865)

0.004
(�0.002 to 0.009)

0.002
(�0.011 to 0.014)

�0.028
(�0.075 to 0.020)

�0.019
(�0.058 to 0.021)

�0.411
(�1.354 to 0.532)

�0.269
(�0.989 to 0.451)

�0.003
(�0.185 to 0.179)

�0.103
(�0.303 to 0.097)

House
ownership

0.494*
(0.057 to 0.931)

0.429*
(0.044 to 0.815)

�0.009
(�0.020 to 0.002)

�0.011
(�0.030 to 0.009)

�0.016
(�0.059 to 0.027)

�0.007
(�0.049 to 0.035)

�0.567
(�1.385 to 0.251)

�0.422
(�1.173 to 0.330)

0.121
(�0.046 to 0.289)

0.019
(�0.170 to 0.209)

Living in a
large city

�0.319
(�1.135 to 0.497)

�0.258
(�0.863 to 0.348)

�0.005*
(�0.011 to �0.000)

�0.004
(�0.016 to 0.009)

0.030
(�0.005 to 0.066)

0.022
(�0.015 to 0.058)

0.633*
(0.118 to 1.148)

0.496
(�0.056 to 1.047)

0.107
(�0.124 to 0.338)

0.203
(�0.055 to 0.462)

Constant 21.860**
(20.544 to 23.176)

22.251**
(20.443 to 24.059)

�0.002
(�0.061 to 0.057)

0.011
(�0.094 to 0.115)

0.361**
(0.250 to 0.472)

0.306**
(0.148 to 0.464)

5.505**
(3.617 to 7.393)

4.629**
(1.970 to 7.288)

6.940**
(6.533 to 7.346)

7.554**
(6.646 to 8.462)

Endogeneity
test

P ¼ .5488 P ¼ .7503 P ¼ .3625 P ¼ .3957 P ¼ .0618

Observations 6613
Number of id 2170

**P < .01, *P < .05.
y Numbers are coefficients with 95% confidence intervals obtained by using robust standard errors in parentheses.
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Table 4
Results of estimation: Lagged model for hours of worky

Variables BMI Obesity Smoke dummy Smoking amount Sleeping hours

FE FE þ IV FE FE þ IV FE FE þ IV FE FE þ IV FE FE þ IV

Men
Hours of
work/100

0.066
(�0.286 to 0.418)

60.537
(�229.902 to
350.976)

�0.000
(�0.037 to 0.037)

7.939
(�30.210 to
46.088)

0.005
(�0.040 to 0.049)

1.649
(�8.723 to 12.020)

0.330
(�0.663 to 1.323)

�20.628
(�193.598 to
152.342)

�0.168*
(�0.317
to �0.018)

�21.122
(�121.049 to
78.806)

Age 0.256**
(0.223 to 0.290)

0.485
(�0.611 to 1.580)

0.014**
(0.011 to 0.017)

0.044
(�0.100 to 0.188)

�0.014**
(�0.018
to �0.011)

�0.008
(�0.047 to 0.031)

�0.363**
(�0.437
to �0.290)

�0.441
(�1.100 to 0.217)

�0.009*
(�0.017
to �0.002)

�0.089
(�0.465 to 0.288)

Married 0.506
(�0.077 to 1.089)

�2.658
(�17.687 to 12.372)

0.009
(�0.052 to 0.069)

�0.400
(�2.373 to 1.574)

0.012
(�0.051 to 0.075)

�0.072
(�0.611 to 0.467)

1.310*
(0.071 to 2.549)

2.556
(�6.492 to 11.603)

0.068
(�0.115 to 0.252)

1.123
(�4.061 to 6.307)

House
ownership

0.017
(�0.372 to 0.405)

0.322
(�1.770 to 2.414)

0.026
(�0.014 to 0.066)

0.060
(�0.215 to 0.336)

�0.024
(�0.078 to 0.030)

�0.013
(�0.094 to 0.068)

�0.163
(�1.183 to 0.856)

�0.226
(�1.569 to 1.118)

�0.033
(�0.154 to 0.088)

�0.142
(�0.869 to 0.585)

Living in
a large city

0.972**
(0.400 to 1.544)

1.938
(�2.726 to 6.603)

0.052
(�0.018 to 0.122)

0.167
(�0.449 to 0.783)

0.025
(�0.028 to 0.078)

0.065
(�0.105 to 0.235)

0.365
(�0.731 to 1.461)

0.357
(�2.499 to 3.213)

0.079
(�0.109 to 0.267)

�0.219
(�1.832 to 1.394)

Constant 14.479**
(12.992 to
15.966)

�9.754
(�104.304 to 84.796)

�0.452**
(�0.599
to �0.305)

�4.551
(�19.996 to
10.894)

1.020**
(0.869 to 1.171)

�0.858
(�8.638 to 6.923)

22.162**
(19.061 to 25.264)

10.306
(�67.817 to 88.429)

6.797**
(6.427 to 7.167)

17.398
(�22.700 to 57.496)

Endogeneity
test

P ¼ .0535 P ¼ .0014** P ¼ .4758 P ¼ .4348 P ¼ .2985

Observations 8006
Number of id 2559

Women
Hours of
work/100

0.368
(�0.101 to 0.837)

0.973
(�6.284 to 8.229)

�0.014
(�0.036 to 0.007)

�0.188
(�0.694 to 0.318)

0.007
(�0.028 to 0.043)

0.210
(�0.543 to 0.963)

�0.069
(�0.727 to 0.589)

�2.750
(�14.283 to 8.782)

�0.193
(�0.389 to 0.003)

�4.588
(�9.306 to 0.130)

Age �0.032
(�0.066 to 0.002)

�0.033*
(�0.061 to �0.005)

0.001
(�0.000 to 0.003)

0.001
(�0.000 to 0.003)

�0.004**
(�0.007
to �0.002)

�0.005**
(�0.007
to �0.002)

�0.068**
(�0.109
to �0.026)

�0.069**
(�0.109 to �0.029)

�0.011*
(�0.020
to �0.002)

�0.004
(�0.016 to 0.008)

Married 0.631*
(0.147 to 1.116)

0.652**
(0.188 to 1.116)

0.002
(�0.004 to 0.008)

�0.005
(�0.025 to 0.016)

�0.023
(�0.069 to 0.023)

�0.011
(�0.063 to 0.042)

�0.360
(�1.314 to 0.594)

�0.053
(�0.953 to 0.847)

0.005
(�0.177 to 0.187)

�0.176
(�0.440 to 0.088)

House
ownership

0.438
(�0.016 to 0.892)

0.451*
(0.050 to 0.852)

�0.007
(�0.014 to 0.001)

�0.013
(�0.035 to 0.008)

�0.011
(�0.055 to 0.032)

�0.004
(�0.052 to 0.045)

�0.372
(�1.175 to 0.431)

�0.477
(�1.327 to 0.373)

0.142
(�0.029 to 0.313)

0.006
(�0.240 to 0.253)

Living in
a large city

�0.255
(�1.122 to 0.612)

�0.288
(�0.905 to 0.329)

�0.004
(�0.010 to 0.001)

�0.006
(�0.015 to 0.004)

0.031
(�0.009 to 0.072)

0.036
(�0.009 to 0.082)

0.711*
(0.122 to 1.299)

0.574
(�0.040 to 1.188)

0.069
(�0.195 to 0.332)

0.065
(�0.245 to 0.375)

Constant 21.753**
(20.323 to
23.183)

22.474**
(19.095 to 25.853)

�0.012
(�0.072 to 0.048)

0.034
(�0.162 to 0.231)

0.351**
(0.242 to 0.460)

0.276
(�0.013 to 0.566)

5.346**

(3.518 to 7.175)
5.820*

(1.326 to 10.313)
6.662**

(6.242 to 7.081)
8.676**
(6.360 to 10.992)

Endogeneity
test

P ¼ .9072 P ¼ .8957 P ¼ .6631 P ¼ .9748 P ¼ .0007**

Observations 6000
Number of id 2021

**P < .01, *P < .05.
y Numbers are coefficients with 95% confidence intervals obtained by using robust standard errors in parentheses.
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variable approach suggest that longer hours of work have a nega-
tive impact on health behaviors and health outcomes among men
and women, resulting in more smoking for men and fewer hours of
sleep and an increased probability of being obese for both men and
women. Analyses using hours of work in the previous year,
designed to capture potential lag effects on health, were largely not
significant, and did not report the results of the basic models.

The results from the analyses are similar to the previous studies
approaching causal relationships. A study using a Japanese sample
from a specific company reported that longer hours of work
increased the probability of being obese [9]. This study had the
same result but used a more representative sample of Japanese
people and panel data, allowing adjustment of time-invariant fac-
tors, such as educational attainment and the number of children. A
study in Australia found a nonlinear relationship between hours of
work and health measured by some items from the 36-Item Short
Form Health Survey [19]. This study also found that longer hours of
work resulted in poorer health in both men and women. A study in
France on a new policy about hours of work reported that
restricting hours of work reduced the probability of smoking [18].

There are few studies that have approached causal inference on
the relationships between hours of work and health. This study has
therefore added to the literature on this issue. Being obese, smoking
more, and sleeping fewer hours may not immediately cause ill-
health but being continuously exposed to these risk factors in-
creases the risk in the longer term. Furthermore, as mentioned
earlier, hours of work in Japan are likely to be longer than in many
other countries. Only one previous study used a Japanese sample,
and the generalizability of its results is unknown because all the
participants were from a single company. Other studies have been
conducted in Australia [19] and France [18], where hours of work
were shorter than in Japan. In this study, the mean hours of work
per week were 47.04 for men and 31.60 for women. In the study in
the Japanese company, the average daily hours of work were 8.59,
but men and women were not considered separately [9]. In the
Australian study [21], the average hours per week were 28.05 for
men and 16.44 for women [19]. In the French study, which only
studied men and excluded anyone who worked less than 35 hours
per week, the treated group worked 40.40 hours per week and the
control group 42.25 hours, although this is not directly comparable
because of the exclusions [18]. The relationships identified in this
study were consistent with the Australian and French studies,
although the Japanese groups worked longer hours.

There are several mechanisms that long hours of work decrease
sleep and increase obesity and smoking. Working more hours re-
duces the time available for other activities, including recovery
from fatigue and activities to maintain and improve health [16].
Long hours of work were observed to have a significant effect on
sleep, and one reason might be that those who worked longer
hours tended to consume more caffeine [27] and had less time to
rest. Long hours of work may lead to weight gain and increased
smoking by increasing stress because stress is associated with
eating behavior and induced obesity [44,46,47]. Long hours of work
may also delay meals and lead to late-night eating, which increases
the probability of being obese and can also result in sleep distur-
bance [48,49]. Less time to invest in personal health, through ac-
tivities such as exercise, can also result in obesity [48e50].

This research had some obvious limitations. First, previous
research has suggested that there may be a nonlinear relationship
between hours of work and health behaviors [19], but this was
beyond the scope of this study. Further research is therefore needed
on this. Second, this study examined the causal relationship of
hours of work with health behavior and health outcomes. Future
research should investigate whether health behaviors linked to
hours of work increase the risk of associated diseases andmortality,
with a longer follow-up until postretirement. Third, outcomes used
in the study were obtained from self-reported questionnaire.
Therefore, the interpretation of results requires caution as the ac-
curacy of outcome measurement may not be sufficiently reliable.

In conclusion, this study suggests that hours of work have causal
impacts on health behaviors and health outcomes, such as smoking,
obesity, and time spent sleeping, among a sample in Japan. Long
hours of work may therefore both cause ill-health directly and
result in health behaviors that can lead to higher risks of morbidity
and mortality in the future.
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