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Background: Chronotype, which is a person’s circadian characteristics throughout a day, 
greatly influences a person’s lifestyle, health, and sleep pattern; however, the association 
between job stress and chronotype remains unknown to date. Therefore, in this study, we 
analyzed the effects of chronotype on the job stress response, and the mediating effects of 
sleep disturbance using path analysis.
Methods: A cross-sectional survey was conducted on 535 adult volunteers (239 men and 
296 women; average age, 41.2 ± 11.9 years) from the community. Participants were 
evaluated using the Diurnal Type Scale for chronotype, Pittsburg Sleep Quality Index for 
sleep disturbance, Brief Job Stress Questionnaire for job stressors, and the psychological and 
physical stress response (PPSR). To investigate the association between chronotype, sleep 
disturbance, perceived job stressors, and PPSR, a covariance structure analysis was 
performed.
Results: The eveningness chronotype had a significant weak direct effect on sleep distur-
bance, perceived job stressors, and PPSR, and had a significant indirect effect through sleep 
disturbance. The perceived job stressors indirectly increased PPSR through sleep distur-
bance. Sleep disturbance mediated the effects of the eveningness chronotype and perceived 
job stressors on PPSR. This model accounted for 37.3% of the variability in PPSR of adult 
workers.
Conclusion: Chronotype affected PPSR through sleep disturbance. Therefore, improving 
the sleep disturbance of workers with the eveningness chronotype may reduce their stress 
response.
Keywords: eveningness chronotype, sleep disturbance, job stress, Diurnal Type Scale

Introduction
Chronotype is the characteristics of a person’s circadian rhythm and time preference 
of activity throughout the day.1 People with an early-type activity preference are 
called the morning type, and people with a late-type activity preference are called 
the evening type. The phenotype is different for each individual and is known to be 
determined by genetic and environmental factors and to be strongly influenced by 
age, ie, older people tend to have the morning chronotype.2–4 Self-administered 
questionnaires, such as the Diurnal Type Scale (DTS), the Morningness– 
Eveningness Questionnaire, and the Munich Chronotype Questionnaire are used 
to investigate chronotypes.5–7 For evening type people, sleep duration tends to be 
shortened on weekdays when time is restricted, owing to factors such as work, and 

Correspondence: Akiyoshi Shimura  
Department of Psychiatry, Tokyo Medical 
University, 6-7-1 Nishishinjuku, Shinjuku- 
Ku, Tokyo 160-0023, Japan 
Tel +81-3-3342-6111  
Fax +81-3-3340-4499  
Email sim@tokyo-med.ac.jp

Neuropsychiatric Disease and Treatment                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Neuropsychiatric Disease and Treatment 2020:16 1997–2005                                            1997

http://doi.org/10.2147/NDT.S262510 

DovePress © 2020 Miyama et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0002-5361-1919
http://orcid.org/0000-0003-0806-4423
http://orcid.org/0000-0003-1220-9592
http://orcid.org/0000-0002-7603-4800
http://orcid.org/0000-0003-1931-2613
http://orcid.org/0000-0001-5248-1289
mailto:sim@tokyo-med.ac.jp
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


daytime sleepiness is increased by sleep debt.8 For this 
reason, evening type people are reported to be more likely 
to have sleep disturbance and depression than morning 
type people.9 A meta-analysis also pointed out that the 
eveningness chronotype is associated with mood pro-
blems, such as depression and higher suicide rates.10,11 

In particular, in young people, the eveningness chronotype 
may affect depression through sleep disturbance.12 

Therefore, chronotype is considered to have substantial 
effects on a person’s overall mental health in connection 
with its effects on sleep disturbance. Sleep disturbance is 
associated with not only chronotype but also various 
health problems. A meta-analysis has shown that sleep 
disturbance increases the risk of developing depression 
and worsens the prognosis of life.13

For adult populations, occupational stress also affects 
psychosomatic conditions. The Brief Job Stress 
Questionnaire (BJSQ) is a self-administered questionnaire 
to evaluate job stress and is used as an indicator of workers’ 
stress.14,15 In particular, a high score on the psychological 
and physical stress response (PPSR), which is a subitem of 
the BJSQ, is reportedly a risk factor for the onset of depres-
sion in workers.16 Job stress and sleep disturbance are clo-
sely associated, and severe job stress leads to insomnia.17,18 

We recently reported that sleep disturbance mediates the 
effects of job stressors on PPSR.19

As mentioned above, chronotype and job stressors are 
associated with sleep disturbance,9,17,18 and sleep distur-
bance is associated with PPSR.18 However, to our knowl-
edge, the association between chronotype, job stressors, 
and PPSR has not been reported to date. Furthermore, 
complex associations as to how chronotype and sleep 
disturbance affect PPSR have not been analyzed. 
Therefore, the aim of this study was to investigate how 
chronotype influences job stress through sleep disturbance. 
As the eveningness affects overall mental health,9–12 we 
hypothesized that the eveningness affects perceived job 
stressors, which are subjective evaluations of job stressors, 
as well as sleep disturbance, and exacerbates PPSR 
through these effects. We verified this hypothesis by path 
analysis together with covariance structure analysis. 
Although chronotype changes with age,20–22 it is innate 
and difficult to change owing to external factors.23–25 

Accordingly, in this path model, we defined chronotype 
as an exogenous variable. The indirect effects of the even-
ingness chronotype on sleep disturbance and PPSR 
through perceived job stressors were also analyzed by 
this path analysis.

Subjects and Methods
Subjects
From April 2017 to April 2018, self-administered ques-
tionnaires were distributed to 1237 nonclinical adult 
volunteers from the community, who were recruited by 
convenience sampling through our acquaintances at 
Tokyo Medical University. Among them, we conducted 
a study on 535 workers (239 men and 296 women; 
average age: 41.2 ± 11.9 years), who gave their 
informed consent and returned complete responses to 
the questionnaires (Table 1). This study was part of 
a larger study, in which several questionnaires were 
investigated.26 In terms of occupational contracts, there 
were 454 regular employees, 56 part-time employees, 6 
temporary employees, and 15 others (Table 2). 
Regarding job class, there were 388 general-class 
employees, 63 section-manager class employees, and 7 
employees of manager level or higher. Working condi-
tions were inflexible in 324 workers, discretionary in 24 

Table 1 Characteristics of the Subjects and Their Correlation 
with PPSR Scores on BJSQ or Effects on PPSR Scores

Characteristics Value 
(Number 
or Mean ± 
SD)

Correlation with PPSR 
Score (r) or Effects on 
PPSR Score (Mean ± 
SD, t-test)

Age 41.2 ± 11.9 r = −0.094, p = 0.030

Sex (men: women) 239: 296 Men: 49.9 ± 14.0 vs 

women: 54.3 ± 14.3, 

p < 0.001 (t-test)

Education, years 14.7 ± 1.8 r = −0.032, p = 0.456

Marital status 

(married: unmarried)

346: 185 Married: 50.4 ± 13.7 vs 

unmarried: 55.9 ± 14.9, 

p < 0.001 (t-test)

Living alone (yes: no) 112: 423 Yes: 54.4 ± 14.9 vs no: 51.8 
± 14.1, p = 0.088 (t-test)

Number of offspring 1.3 ± 1.3 r = −0.064, p = 0.143

Comorbidity of 

physical disease (yes: 
no)

101: 434 Yes: 52.1 ± 13.7 vs no: 52.4 

± 14.4, p = 0.085 (t-test)

First-degree relative 
with psychiatric 

disease (yes: no)

54: 431 Yes: 53.5 ± 13.6 vs no: 52.0 
± 14.3, p = 0.446 (t-test)

Notes: Data are presented as means ± SD or numbers. r = Pearson correlation 
coefficient. 
Abbreviations: BJSQ, Brief Job Stress Questionnaire; PPSR, psychological and 
physical stress response.
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workers, flexible in 5 workers, shift work (not including 
night shifts) in 26 workers, shift work (including night 
shifts) in 109 workers, and others in 2 workers. 
Overtime work hours were 20 h or less for 358 workers, 
21–40 h for 74 workers, 41–60 h for 29 workers, and 61 
h or more for 16 workers. The questionnaire for demo-
graphic information and the following three question-
naires were anonymously surveyed. Participation in this 
study was voluntary and the participants were informed 
that no disadvantage would result from not participating 
in the study. They were also explained that the informa-
tion collected would be made anonymous and not leaked 
to the outside. No special exclusion criteria were set. 
The study was approved by the ethics committee of 
Tokyo Medical University in accordance with the 
Helsinki Declaration. (study approval no.: SH3502)

Survey by Self-Administered 
Questionnaires
Diurnal Type Scale (DTS)
The DTS is a self-administered questionnaire to determine 
the diurnal type (morningness or eveningness disposition 
on sleep/wake behavior), and the Japanese version of the 
DTS was used.27 Morning-active (morningness) indivi-
duals are known to rise earlier and go to bed earlier than 
evening-active (eveningness) individuals.7,27 DTS consists 
of seven components on a 4-point scale (1–4). The 
total score (7–28 points) is calculated and evaluated; 
a higher score indicates the morningness chronotype and 
a lower score indicates the eveningness chronotype.

Japanese Version of the Pittsburgh Sleep Quality 
Index (PSQI)
The Japanese version of PSQI is a self-administered ques-
tionnaire consisting of 18 items to evaluate subjective 
sleep quality during the previous month.28,29 PSQI cate-
gorizes seven components on a 4-point scale (0–3). The 
total score (0–21 points) is calculated and evaluated; 
a higher score indicates that sleep is impaired.

Brief Job Stress Questionnaire (BJSQ)
BJSQ is a self-administered questionnaire on job stress, 
consisting of a total of 57 items.14,15 BJSQ consists of the 
following four parts: perceived job stressors, PPSR, social 
support, and satisfaction. Regarding perceived job stres-
sors, there are a total of 17 items, including quantitative 
job overload, qualitative job overload, physical demands, 
job control, skill utilization, interpersonal conflict, poor 
physical environment, suitable job, and meaningfulness 
of work. These are subjectively assessed, and for this 
reason, they are referred to as perceived job stressors. 
PPSR is composed of 29 items, including vigor, irritability, 
fatigue, anxiety, depression, and physical complaints. Each 
item is evaluated on a 4-point scale (1–4). In this study, the 
total scores for perceived job stressors and PPSR were 
calculated, and the higher the total score, the higher the 
stress.

Structural Equation Modeling and 
Statistical Analysis
A path model was built (Figure 1), in which chronotype 
indirectly affected PPSR through perceived job stressors 
and sleep disturbance, and the model was analyzed by 
covariance structure analysis with the robust maximum 
likelihood estimation method. For statistical analysis, 

Table 2 Characteristics of Adult Workers and Their Effects on 
PPSR

Number of 
Subjects

Mean 
PPSR ± 
SD

ANOVA

Occupational contracts
Regular  

Part-time  

Temporary  
Others

454 

56 

6 
15

53.7 ± 14.7 

55.2 ± 15.3 

59.5 ± 18.1 
50.3 ± 10.7

F(3, 527) 

= 0.758 

p = 0.518

Job class
General class  

Section manager class  
Manager’s level or 

higher

388 

63 
7

54.1 ± 14.4 

51.7 ± 15.7 
41.9 ± 8.6

F(2, 455) 

= 3.113 
p = 0.045

Working condition

Inflexible  

Discretionary  
Flexible  

Shift work (not 

including night shift)  
Shift work (including 

night shift)  

Others

324 

24 
5 

26  

109  

2

54.0 ± 14.7 

45.1 ± 11.4 
45.4 ± 11.8 

57.1 ± 16.0  

54.4 ± 14.0  

32.5 ± 2.1

F(5, 484) 

= 3.256 
p = 0.007

Overtime work hours 

(/month)
≤ 20 hours  

21–40 hours  

41–60 hours  
≥ 61 hours

358 

74 

29 
16

54.2 ± 13.9 

54.7 ± 17.6 

52.8 ± 15.6 
54.3 ± 17.6

F(3, 467) 

= 0.836 

p = 0.584

Notes: Data are presented as means ± SD or numbers. Bonferroni test showed no 
significant difference between groups in job class and working condition.
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SPSS Statistics Version 25 (SPSS, Chicago, IL, USA) and 
Mplus version 8.0 (Muthén & Muthén, Los Angeles, CA, 
USA) were used. As the model used in this study is 
a saturation model, no goodness-of-fit index was used. 
All coefficients of the covariance structure analysis were 
standardized. For comparison between demographic 
information and questionnaire data, Pearson correlation 
coefficient analysis, the Student’s t-test, or ANOVA fol-
lowed by the Bonferroni test were performed using SPSS 

Statistics Version 25 (SPSS). A p-value of less than 0.05 
was considered to indicate a statistically significant 
difference.

Results
Association Between Demographic 
Variables, Questionnaire Data, and PPSR 
Scores
Table 1 shows the demographic data of 535 adult workers 
and their association with PPSR scores of the BJSQ. PPSR 
scores were significantly higher in young workers, women, 
and unmarried workers. No other demographic data were 
associated with PPSR score.

Table 2 shows the characteristics of adult workers (ie, 
their occupational contracts, job class, working condition, 
and overtime work hours) and their effects on PPSR. The 
Bonferroni test demonstrated that there were no significant 
differences in PPSR scores among workers with different 
occupational contracts, job class, working conditions, and 
overtime work hours.

Table 3 shows the results of correlations between the 
observed variables. The DTS score negatively correlated 
with the PSQI score (r = –0.240, p < 0.001) and PPSR 
score (r = –0.193, p < 0.001). A more eveningness chron-
otype (lower DTS score) was associated with more severe 
sleep disturbance and higher PPSR. Meanwhile, 

Figure 1 Results of the path analysis. Path analysis of the data of 535 adult workers 
regarding Diurnal Type Scale (DTS) score, Pittsburgh Sleep Quality Index (PSQI) 
global score, perceived job stressors on the Brief Job Stress Questionnaire (BJSQ), 
and psychological and physical stress response (PPSR) on the BJSQ. The solid 
arrows represent statistically significant direct paths. The numbers beside the 
arrows show the standardized path coefficients (minimum: −1; maximum: 1). *p < 
0.05, ***p < 0.001.

Table 3 Correlation (r) Between DTS, Sleep Disturbance (PSQI), Perceived Job Stressors, PPSR of BJSQ, Social Support of BJSQ, and 
Satisfaction of BJSQ

Measures 
mean ± SD

DTS 
score 
18.8 ± 
3.6

PSQI 
score 
5.8 ± 3.5

Perceived job stressors of 
BJSQ 
40.6 ± 6.2

PPSR of 
BJSQ 
52.4 ± 14.3

Social support of 
BJSQ 
19.2 ± 5.4

Satisfaction of 
BJSQ 
5.8 ± 1.3

DTS score r = 

−0.240 

p < 0.001

r = −0.083 

p = 0.054

r = −0.187 

p < 0.001

r = −0.064 

p = 0.140

r = 0.087 

p = 0.045

PSQI score r = 0.242 

p < 0.001

r = 0.498 

p < 0.001

r = 0.318 

p < 0.001

r = −0.294 

p < 0.001

Perceived job stressors of 

BJSQ

r = 0.440 

p < 0.001

r = 0.334 

p < 0.001

r = −0.375 

p < 0.001

PPSR of BJSQ r = 0.368 

p < 0.001

r = −0.430 

p < 0.001

Social support of BJSQ r = −0.566 

p < 0.001

Notes: For satisfaction of BJSQ, high scores indicate high satisfaction. For other subitems of BJSQ, higher the total score, the higher the stress. 
Abbreviations: DTS, Diurnal Type Scale; PSQI, Pittsburgh Sleep Quality Index; BJSQ, Brief Job Stress Questionnaire; PPSR, psychological and physical stress response.
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chronotype did not significantly correlate with perceived 
job stressor score (p = 0.054).

Analysis of Covariance of the Structural 
Model
Figure 1 is the model analyzed by covariance structure 
analysis with the robust maximum likelihood estimation 
method using chronotype, sleep disturbance, perceived job 
stressors, and PPSR as observable variables. In the path 
analysis, morningness (higher DTS score) showed signifi-
cantly negative direct effects on sleep disturbance (path 
effect: –0.222, p < 0.001) (PPSR path effect: –0.064, p = 
0.047) and perceived job stressors (path effect: −0.083, p = 
0.047) (Table 4). In other words, eveningness directly 
increased sleep disturbance and had a small exacerbation 
effect on perceived job stressors and PPSR when the 
correlations of each association were adjusted. In addition, 
perceived job stressors had positive direct effects on PPSR 
(path effect: 0.328) and sleep disturbance (path effect: 
0.223). Sleep disturbance also had a positive direct effect 
on PPSR (path effect: 0.421).

Regarding indirect effects, morningness showed 
a significantly negative indirect effect on PPSR through 

sleep disturbance (path effect: –0.093, p < 0.001) 
(Table 4). In addition, perceived job stressors also 
showed a significantly positive indirect effect on 
PPSR through sleep disturbance (path effect: 0.094, 
p < 0.001). On the other hand, the indirect effects of 
morningness on PPSR (path effect: –0.027, p = 0.053) 
and sleep disturbance (path effect: –0.019, p = 0.064) 
through perceived job stressors were not significant. 
Furthermore, the indirect effect of morningness on 
PPSR through both perceived job stressors and sleep 
disturbance pathways was not significant (path effect: – 
0.008, p = 0.066). Sleep disturbance mediated the 
indirect effects of the eveningness chronotype and per-
ceived job stressors on PPSR evaluated by BJSQ. The 
eveningness chronotype increased the psychological 
and physical stress response through sleep disturbance. 
This model accounted for 37.3% of the variability in 
the psychological and physical stress response of adult 
workers (R2 = 0.373).

We performed path analyses on six subitems of the 
PPSR, namely, activity, anger, fatigue, tension/anxiety, 
depression, and physical stress response, and obtained 
the same results as those of total PPSR scores (data not 
shown).

Table 4 Standardized Path Coefficients Between Each Variable

From Direct Effect on

Job Stressors Sleep Disturbance (PSQI) PPSR

Diurnal Type Scale −0.083* −0.222*** −0.064*

Job stressors 0.223*** 0.328***
PSQI 0.421***

Indirect effect on

Job stressors Sleep disturbance 
(PSQI)

PPSR

Diurnal Type Scale via Job stressors −0.019 −0.027
via PSQI −0.093***

via Job stressors + PSQI −0.008

Total indirect effect −0.129***
Job stressors via PSQI 0.094***

Total effect on

Job stressors Sleep disturbance 
(PSQI)

PPSR

Diurnal Type Scale −0.238*** −0.240*** −0.193***
Job stressors – 0.422***

Notes: *p < 0.05, ***p < 0.001. 
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; PPSR, psychological and physical stress response.
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Discussion
In this study, direct and indirect effects of chronotype on 
sleep disturbance, perceived job stressors, and PPSR in 
adult workers were investigated by covariance structure 
analysis. The results of our study showed that the even-
ingness indirectly increases PPSR through its effects on 
sleep disturbance. In addition, perceived job stressors 
directly increased PPSR and indirectly increased PPSR 
through their effects on sleep disturbance. These results 
partly support our hypothesis stated in the introduction. 
However, contrary to our hypothesis, chronotype influ-
enced perceived job stressors only slightly and did not 
show indirect effects on PPSR or sleep disturbance 
through perceived job stressors. Therefore, our results 
demonstrate that chronotype affects PPSR via sleep dis-
turbance independently of perceived job stressors. 
Chronotypes that do not match the social life of workers, 
in addition to job stressors, may lead to impaired sleep and 
job stress responses. There have been no studies to date on 
the effects of chronotype on job stress. This is the first 
study to our knowledge showing the effects of chronotype 
on the stress response, mediated by sleep disturbance, 
although there are some limitations regarding the interpre-
tation of the results, as described below.

Many studies have reported the association between 
chronotype and sleep.9,30 Wittmann and colleagues defined 
the discrepancy between social time and biological time as 
“social jetlag”, and they showed that social jetlag nega-
tively affects psychological well-being.31 Taillard et al 
(1999) reported that the eveningness leads to social jetlag, 
resulting in sleep debt and being prone to daytime 
sleepiness.8 Núñez et al (2019) conducted a comparative 
study on young undergraduate students and senior,32 and 
found that young undergraduates showed more evening-
ness than senior did. They also showed that students with 
eveningness were more likely to have sleep disturbance. 
A review also pointed out that evening type people are 
more likely to have sleep disturbance and to be more 
susceptible to depression.9 Thus, it is well known that 
the eveningness has an adverse effect on sleep disturbance. 
Consistent with the results of previous studies, our present 
study demonstrated that eveningness directly increases 
sleep disturbance, and hence this phenomenon is consid-
ered to be universal. The association between sleep dis-
turbance and job stress was reported by Nishitani et al 
(2010) and Yang et al (2018).17,18 Nishitani et al (2010) 
analyzed 212 male workers using multiple regression 

analysis and reported that job stressors and PPSR were 
closely associated with sleep disturbance.18 They noted 
that depression and physical stress response among the 6 
PPSR subitems (activity, anger, fatigue, tension/anxiety, 
depression, and physical stress response) were signifi-
cantly associated with insomnia.18 Our results were partly 
consistent with their results, because, in our present study, 
these 6 PPSR subitems showed the same results on path 
analyses as total PPSR scores. Yang et al (2018) reported 
a meta-analysis showing that high-level job stressors 
increased the risk of sleep disturbance.17 In addition, we 
previously reported an indirect effect of job stressors on 
PPSR through their effects on sleep disturbance.19 

Consistent with the results of earlier studies, the present 
study demonstrated a mediating effect of sleep disturbance 
on the association between job stressors and PPSR.

In this study, sleep disturbance mediated the indirect 
effects of chronotype on PPSR. As mentioned in the 
introduction, this is the first study to our knowledge on 
the association between chronotype and job stress. Our 
univariate analysis on the association between chronotype 
and job stress demonstrated that eveningness significantly 
and positively associated with PPSR, but not with per-
ceived job stressors. On the other hand, in the path analy-
sis, chronotype only had small direct effects on both 
perceived job stressors and PPSR, which were smaller 
than the indirect effect of chronotype on PPSR through 
sleep disturbance. Furthermore, the direct effect of chron-
otype on perceived job stressors was not linked to PPSR. 
Therefore, the main effect of chronotype on job stress 
appears to be its indirect effect on PPSR through its effect 
on sleep disturbance.

It has been reported that shift work and overwork for 
many days may influence sleep and then chronotype 
conversely.1 This idea may explain in reverse the associa-
tion demonstrated in our present study between chrono-
type and job stress. We conducted another path analysis on 
318 workers, excluding workers performing overtime (41 
h or more) and shift workers (results not shown). This 
additional analysis showed similar results regarding the 
direct and indirect effects found in the present study. 
Therefore, shift work and overtime work may not have 
affected the results of the path analysis in this study. 
Future studies will be needed to confirm the causality 
between chronotype and job stress.

Shimura et al (2018) reported that in high-school stu-
dents, eveningness increased daytime sleepiness through 
its effect on sleep disturbance.33 They further suggested 

Miyama et al                                                                                                                                                          Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Neuropsychiatric Disease and Treatment 2020:16 2002

http://www.dovepress.com
http://www.dovepress.com


that improving sleep hygiene and lifestyle could improve 
sleep disturbance.33,34 In their research, as the direct effect 
of chronotype on daytime sleepiness without mediation by 
sleep disturbance was also significant, the significant direct 
effect of chronotype on PPSR observed in our study may 
have been mediated by daytime sleepiness. Therefore, the 
sleep disturbance of workers may be improved by inter-
vening with sleep hygiene and lifestyle habits, or by ade-
quately designing working hours so as not to shorten sleep 
time. Such measures are expected to reduce job stress.

There are some limitations to our present study. First, as 
this study used self-administered questionnaires, there is the 
possibility that there was subjective bias when the workers 
answered the questions, and the subjective results may 
deviate from objective results. Second, as this is a cross- 
sectional study, we cannot conclude the causal association 
between the factors. Third, mood may affect the results of 
the path analysis, because chronotype is associated with 
mood problems, as mentioned in the Introduction 
section.10,11 We conducted path analysis on the same parti-
cipants with the addition of depressive symptoms. The 
direct and indirect effects of chronotype on PPSR through 
sleep disturbance were still significant in the new model 
(results not shown). Therefore, we believe that our model 
is likely to be independent of depressive symptoms. 
Nevertheless, because moods other than depressive symp-
toms may affect chronotype, a prospective study analyzing 
the effects of mood on chronotype should be conducted in 
the future. Furthermore, contrary to the results of this study, 
it may be possible that job stress affects sleep disturbance, 
and subsequently, sleep disturbance affects chronotype. 
Therefore, it is necessary to confirm the causal association 
between factors through a long-term prospective study in the 
future.

Conclusion
Our study clarified the association between chronotype, 
perceived job stressors, stress responses, and sleep distur-
bance by path analysis. The eveningness indirectly 
affected the psychological and physical stress response 
through sleep disturbance. Therefore, improving sleep dis-
turbance in evening type people may lead to a reduced job 
stress response. In the future, evaluating chronotype as 
part of the industrial hygiene of workers is expected to 
clarify the association between chronotype, the job stress 
response, and sleep disturbance, and may enable us to take 
measures against job stress for each individual.
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