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Several companies in Japan introduced early working conditions (including recommendations on early
morning work and prohibitions on nighttime overtime work) to decrease the number of long working
hours at night. Nevertheless, individuals possess their own chronotype, i.e., their behavioral timing
preference—be it morning or evening—that is associated with worker health.

The purpose of this study was to investigate the influence of chronotype and working conditions on
sleep and health related quality of life (HRQOL) using 126 daytime office workers who were classified as
morning or evening type by their Morningness-Eveningness Questionnaire scores. We then compared
morning and evening type workers’ sleep variables (sleep onset/offset time and total sleep time), sleep
quality (using the Japanese version of the Pittsburgh Sleep Quality Index), and HRQOL scores.
Additionally, we compared the same sleep variables, sleep quality, and HRQOL scores of each chronotype
category of worker under early and normal working conditions.

As the results, evening type workers had late sleep onset/offset time, poor sleep quality, and low
HRQOL (role-social component) compared to morning type workers. Furthermore, the evening type
workers under early working conditions had earlier sleep onset/offset time and poorer sleep quality
compared to those workers under normal working conditions.

These results suggest that evening type workers in general have poor sleep and low HRQOL and those
same workers under early working conditions, in particular, are associated with poor sleep quality.
Therefore, in order to optimize worker health, we suggest that working conditions should be taken
account of individual chronotypes.

INTRODUCTION

Long working hours are wide spread in Japan. Unfortunately, this working style increases the risk of many
health problems including stroke [11], coronary heart disease [26], depression [27], sleep problems [15], and
poor Health-Related Quality of Life (HRQOL) [31]. To reduce the number of long working hours, several
companies recently introduced early working conditions that set earlier work start times and reduced overtime
work at night.

Although these working conditions were intended to benefit the overall well-being of workers, it is well
known that every individual has a chronotype [12]. Chronotype refers to the individual preference of behavioral
timing and biological characteristic in one’s circadian thythm [19,30]. For example, morning type individuals
prefer to sleep early and be active from early morning, while evening type individuals prefer to be active during
the evening and go to sleep late at night, and typically have difficulty waking up early in the morning [32].
Chronotype is influenced by many biological factors, including circadian gene Period 3 [17,24], age, and gender
[20]. Previous studies have reported that evening type individuals experience poor sleep quality [28,33,35] and
are more vulnerable to metabolic disorders [34].

As mentioned above, several studies revealed an association between chronotype and health problems.
However, no studies have investigated the influence of chronotype and working conditions, such as early
working conditions and normal working conditions, on worker’s health. Thus, the first objective of this study
was to compare morning and evening chronotype workers’ sleep status and HRQOL. The second objective of
this study was to compare the sleep and HRQOL of morning and evening chronotype workers under both early
and normal working conditions.

MATERIALS AND METHODS
Participants and study protocol
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The 162 study participants were daytime office workers aged 22-54 years in different companies. These
companies employed two different working conditions. One Company employed early working condition, and
the other companies employed normal working condition. All participants worked five days a week—Monday to
Friday. None of the participants were shift workers or physical laborers. The study was divided into two parts:
first, we compared morning and evening chronotype workers’ sleep status (sleep variables and sleep quality) and
HRQOL,; second, we compared the sleep status and HRQOL of both morning and evening chronotype workers
under the early working conditions and normal working conditions (Figure 1).
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Figure 1. The study design

First, we compared the sleep status (sleep variables and sleep quality) and HRQOL between morning and evening types.
Second, we compared the sleep status and HRQOL between early working condition (the working style involved
pre-determined working hours from 09:00 to 17:15 hrs, recommended early morning work from 05:00 to 08:00 hrs, and a
prohibition of overtime work after 20:00 hrs) and normal working condition (the working style involved pre-determined
working hours from 09:15 to 17:30 hrs, from 09:00 to 17:30 hrs or from 09:00 to 17:45 hrs and permitted overtime work after
20:00 hrs) in each chronotype.

MEQ, the Morningness-Eveningness Questionnaire; HRQOL, health related quality of life.

The first part of the study involved a cross sectional comparison of the morning and evening type groups. We
determined the chronotype of all participants using the Morningness-Eveningness Questionnaire (MEQ), and
categorized them into morning type (defined as the median MEQ scores or over) and evening type (defined as
less than the median MEQ scores) individuals following the method of the previous study [14]. Then, we
compared sleep variables between morning and evening type workers. Sleep variables included sleep
onset/offset time and total sleep time. Moreover, we also compared subjective sleep quality and HRQOL of both
the groups by using a subjective sleep questionnaire—the Japanese version of the Pittsburgh Sleep Quality Index
(PSQI-J), and a HRQOL questionnaire—the Japanese MOS Short-Form 36-Item Health Survey ver2 (SF-36v2).

The second part of the study involved a cross sectional comparison of the impact of two conditions — early
working conditions and normal working conditions — on each chronotype workers. The early working
conditions involved pre-determined working hours from 09:00 to 17:15 hrs, recommended early morning work
from 05:00 to 08:00 hrs, and a prohibition of overtime work after 20:00 hrs to decrease overtime work at night
and long working hours. The normal working condition (i.e., the ordinary working style of many office workers)
involved pre-determined working hours from 09:15 to 17:30 hrs, from 09:00 to 17:30 hrs or from 09:00 to 17:45
hrs and permitted overtime work after 20:00 hrs. These working conditions were already in place before we
commenced our research regardless of the intension of the worker. We compared the sleep status and HRQOL of
both the type of workers in early and normal working conditions using the above mentioned questionnaires.

The study protocol was in accordance with the guidelines of the Declaration of Helsinki and was reviewed
and approved by the Ethics Committee of the Graduate School of Health Sciences at Kobe University. All
participants gave their written informed consent after the study was explained to them.
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Chronotype questionnaire

We used the Morningness-Eveningness Questionnaire (MEQ) to evaluate chronotype of participants [8,9].
The MEQ scores ranged from 16 to 86, where the higher scores are indicative of morning type and lower scores
are indicative of evening type individuals.

Sleep variables and subjective sleep questionnaire

First, participants recorded their sleep onset/offset time and total sleep time for a month. In addition, the
subjective sleep quality of the participants was evaluated via the Japanese version of the Pittsburgh Sleep Quality
Index (PSQI-J) [3,4,5].

The PSQI-J is commonly used to assess subjective sleep quality of healthy people and patients with various
diseases. The sleep quality is evaluated comprehensively by asking questions related to sleep efficiency, daytime
sleepiness, sleep duration, and other sleep statuses. The PSQI-J score ranged from 0 to 21, with the higher score
representing lower sleep quality.

Health-related quality of life questionnaire

Participants also answered the Japanese MOS Short-Form 36-Item Health Survey ver2 (SF-36v2) to measure
their HRQOL [6,7,29]. SF-36v2 is a self-administered questionnaire used to assess HRQOL for healthy people
and various patients. In addition, three summary indices—the Physical component summary (PCS), the Mental
component summary (MCS), and the Role-social component summary (RCS) [23]—can be calculated from
eight subscales. Higher the score of a particular component, better is the HRQOL with regard to that component.

Statistical analysis

All data were expressed as mean + standard deviation (SD) for normally distributed data or median (25-75
percentile) for non-normally distributed data. To compare all data, the two-sample t-test or Mann-Whitney U test
was performed after the Shapiro-Wilk test. For gender, the y>-test was used; p < 0.05 (two-sided) was accepted
as statistically significant. All analyses were performed using the SPSS statistical software (SPSS2.0 for
Windows; IBM Japan, Co. Ltd., Tokyo, Japan).

RESULTS

Our final sample included 126 participants, excluding those with data errors found in their questionnaires
from 162 participants in this study. The median (25-75 percentile) age in these participants was 29.0 (26.0-36.0)
years. This sample consisted of 65 men and 61 women. The median MEQ value was 53.0. We defined morning
type as participants with MEQ scores > 53.0 (n=69) and evening type as participants with MEQ scores < 53.0
(n=57). There were no significant differences in age and gender between morning and evening type individuals.
The MEQ scores of evening type individuals were significantly lower than that of morning type individuals
(evening type, 47.0 (42.0-50.0) vs. morning type, 57.0 (55.0-62.0), p < 0.001) (Table I).

Table I. General characteristics.

Morning type Evening type p - value
(n=69) (n=57)
Age (years)? 31.0 (27.0 - 37.0) 29.0 (26.0 - 34.0) 0.136
Genger (Men/Women)® M41/ W28 M24/ W33 0.053
MEQ (scores)? 57.0 (55.0 - 62.0) 47.0 (42.0 - 50.0) <0.001™

All values expressed as median (25 - 75 percentile). ™ p < 0.01 by using Mann-Whitney U test® and y>-test?).
MEQ, the Morningness-Eveningness Questionnaire

Table 11 shows the comparison of sleep variables, sleep quality, and HRQOL between morning and evening
type individuals. In sleep variables, the sleep onset/offset times were significantly later in the evening type
compared to the morning type individuals (sleep onset time: evening type, 0:15 (0:00-1:00) hrs vs. morning type,
0:00 (23:00-0:10) hrs, p = 0.019; sleep offset time: evening type, 6:45 (6:20-7:00) hrs vs. morning type, 6:00
(5:30-6:30) hrs, p < 0.001). The PSQI-J score was significantly higher in evening type than in the morning type
individuals (evening type, 6.0 (4.0-7.0) vs. morning type, 4.0 (3.0-6.0), p = 0.038). In the SF-36v2, the RCS
scores of evening type individuals were significantly lower than those of morning type individuals (evening type,
48.3 (37.4-55.0) vs. morning type, 51.8 (45.6-56.6), p = 0.043). The other variables were not significantly
different.
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Table I1. Comparison of sleep status and health related quality of life between Morning and Evening type.

Morning type Evening type p - value
(n=169) (n=57)
Sleep variables
Sleep onset time (h:mm)?® 0:00 (23:30 - 0:10) 0:15 (0:00 - 1:00) 0.019"
Sleep offset time (h:mm)? 6:00 (5:30 - 6:30) 6:45 (6:20 - 7:00) <0.001™
Total sleep time (h)? 6.5(5.5-6.8) 6.5 (6.0 - 7.0) 0.135
PSQI-J (scores)? 4.0 (3.0 - 6.0) 6.0 (4.0 - 7.0) 0.038"
SF-36v2
PCS (scores)® 57.1+6.4 57.6+6.1 0.668
MCS (scores)? 49.1 (455 - 54.1) 49.6 (42.7 - 52.8) 0.654
RCS (scores)? 51.8 (45.6 - 56.6) 48.3 (37.4 - 55.0) 0.043"

All values expressed as mean + SD or median (25 - 75 percentile). “p < 0.05 and ™ p < 0.01 by using Mann-Whitney U test?
and two sample t-test®. PSQI-J, the Japanese version of the Pittsburg Sleep Quality Index; SF-36v2, the Japanese MOS
Short-Form 36-Item Health Survey ver2; PCS, Physical component score; MCS, Mental component score; RCS, Role-social
component score

We also compared sleep variables and HRQOL of both type of individuals in the early working conditions
and normal working conditions. Table I11 shows the comparison of sleep variables and HRQOL in morning type
individuals. Among the morning type individuals (n=69), 37 participants worked under early working conditions
and 32 participants under normal working conditions. The workers who worked under early working conditions
had a median age of 32.0 (29.0-36.0) years old, included 22 men and 15 women, and had a median MEQ score
(25-75 percentile) of 58.0 (56.0-62.0); while the workers who worked under normal working conditions had a
median age (25-75 percentile) of 29.0 (25.0-39.3) years, included 19 men and 13 women, and had a median
MEQ scores (25-75 percentile) of 56.5 (55.0-59.0). The age, gender, and MEQ scores were not significantly
different in the two conditions. In sleep variables, the sleep offset time of individuals working under early
working conditions was significantly earlier than those under normal working conditions (early working
condition, 5:54 + 0:43 hrs vs. normal working condition, 6:24 + 0:43 hrs, p = 0.006). There were no significant
differences in PSQI-J and SF-36v2 scores between the two conditions.

Table I11. Comparison of sleep status and health related quality of life in Morning type.

Early working condition Normal working condition p - value
(n=37) (n=32)

Age (years)? 32.0(29.0 - 36.0) 29.0 (25.0 - 39.3) 0.563
Gender (Men/ Women)® M22/ W15 M19/ W13 0.994
MEQ (scores)? 58.0 (56.0 - 62.0) 56.5 (55.0 - 59.0) 0.116
Sleep variables

Sleep onset time (h:mm)? 0:00 (23:00 - 0:00) 0:00 (0:00 - 0:30) 0.055

Sleep offset time (h:mm)© 5:54 +0:43 6:24 +0:43 0.006™

Total sleep time (h)? 6.2+1.0 6.3+1.0 0.593
PSQI-J (scores)? 4.0(3.0-5.0) 45(2.8-7.0) 0.589
SF-36v2

PCS (scores)® 57.0+7.4 57.2+52 0.900

MCS (scores)? 48.5 (45.3 - 53.8) 49.9 (46.4 - 55.0) 0.427

RCS (scores)? 50.8 (46.1 - 57.6) 51.8 (45.2 - 55.7) 0.674

All values expressed as mean + SD or median (25 - 75 percentile). ™ p < 0.01 by using Mann-Whitney U test®, x2- test® and
two sample t-test. MEQ, the Morningness-Eveningness Questionnaire; PSQI-J, the Japanese version of the Pittsburg Sleep
Quality Index; SF-36v2, the Japanese MOS Short-Form 36-Item Health Survey ver2; PCS, Physical component score; MCS,
Mental component score; RCS, Role-social component score
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Table 1V shows the comparison of sleep variables and HRQOL in evening type individuals. The evening
type individuals (n=57) consisted of 28 participants working under early working conditions and 29 participants
under normal working conditions. Those working under early working conditions had a median age of 28.5
(25.8-34.3) years, included 10 men and 18 women, and had an average MEQ score of 44.5 + 5.5; while those
working under normal working conditions had a median age (25-75 percentile) of 29.0 (26.0-33.0) years,
included 14 men and 15 women, and had an average MEQ score of 46.7 + 4.4. The age, gender, and MEQ scores
were not significantly different in the two conditions. The sleep onset/offset times of those under early working
conditions were significantly early compared to those under normal working conditions (sleep onset time: early
working condition, 0:00 (23:22-0:30) hrs vs. normal working condition, 0:30 (0:00-1:00) hrs, p = 0.003; sleep
offset time: early working condition, 6:31 + 0:45 hrs vs. normal working condition, 6:52 + 0:28 hrs, p = 0.045).
The PSQI-J scores of those under early working conditions were significantly higher than those under normal
working conditions (early working condition, 6.2 = 2.4 vs. normal working condition, 5.0 £ 2.1, p = 0.047). The
other variables of SF-36v2 did not differ significantly.

Table IV. Comparison of sleep status and health related quality of life in Evening type.

Early working condition Normal working condition p - value
(n=28) (n=29)
Age (years)? 28.5(25.8 - 34.3) 29.0 (26.0 - 33.0) 0.707
Gender (Men/ Women)® M10/ W18 M14/ W15 0.337
MEQ (scores)? 445+55 46.7+4.4 0.096

Sleep variables

Sleep onset time (h:mm)? 0:00 (23:22 - 0:30) 0:30 (0:00 - 1:00) 0.003™

Sleep offset time (h:mm)®) 6:31 +0:45 6:52 +0:28 0.045"

Total sleep time (h)? 6.5(6.4-7.0) 6.3(5.8-7.0) 0.093
PSQI-J (scores)? 6.2+24 50x21 0.047"
SF-36v2

PCS (scores)® 58.7+6.6 56.5+55 0.163

MCS (scores)? 49.3 (37.7 - 51.8) 50.2 (43.6 - 53.1) 0.444

RCS (scores)? 43.7+1138 48.3+9.6 0.115

All values expressed as mean + SD or median (25 - 75 percentile). “p < 0.05 and ™ p < 0.01 by uing Mann-Whitney U test?,
x?- test? or two sample t-test. MEQ, the Morningness-Eveningness Questionnaire; PSQI-J, the Japanese version of the
Pittsburg Sleep Quality Index; SF-36v2, the Japanese MOS Short-Form 36-ltem Health Survey ver2; PCS, Physical
component score; MCS, Mental component score; RCS, Role-social component score

DISCUSSION

In this study, we found that later the sleep onset/offset time, higher the PSQI-J scores and lower the RCS
scores of SF-36v2 in evening type individuals in comparison to the morning type. Moreover, in the comparison
of impact of working conditions on each type of individuals, we found no significant difference in sleep quality
and HRQOL among morning type individuals under early and normal working conditions. On the other hand,
poorer sleep quality, indicated by high PSQI-J scores, were observed in evening type workers under early
working conditions than in those under normal working conditions. Moreover, the sleep onset/offset times of
evening type workers under early working conditions were earlier than that of evening type workers under
normal working conditions.

In the first part of the study, evening type workers went to sleep later (later sleep phase) and had poorer
sleep quality compared to morning type workers. These results correspond with previous studies that revealed
that evening type individuals had poorer sleep [28,33,35] and a later sleep phase [19] compared to morning type
individuals. Additionally, the RCS scores of SF-36v2 of evening type workers were significantly low compared
to morning type workers in this study. The RCS score is thought to define the social relationship of HRQOL,
because RCS is the summary score associated with subscales of physical role, emotional role, and social
functioning of SF-36v2 [23]. Therefore, we clarified not only the association between chronotype and sleep
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quality but also the association between chronotype and the social relationship of HRQOL. Also, previous
studies had reported an association between evening type and depression [1,2,13,25]. The poor sleep quality or
low HRQOL of the evening type workers in this study might be related to the prospective risk of depression;
future studies should clarify the existence and extent of this association.

In the second part of the study, morning type workers under early working conditions had no difference in
sleep quality and HRQOL compared to those workers under normal working conditions. In contrast, evening
type workers under early working conditions had earlier sleep phases and poorer sleep quality compared to those
under normal working conditions. This poor sleep quality in evening type workers under early working
conditions might be due to the social jet lag caused by the time lag between evening preference of evening type
workers and the earlier sleep phase of early working conditions. Social jet lag is the misalignment between
individual chronotype and one’s social schedule specified by school or work [30]. Evening type individuals, in
particular, commonly experience social jet lag because they prefer to be active in the evening phase according to
their biological rhythm but they are forced to work during the early phase on working days. Juda et al. reported
that social jet lag was associated with sleep disturbance in shift workers [10]. Additionally, social jet lag is
associated with obesity [21] as well as the risk of cardiovascular diseases [22] and metabolic syndrome [18].
Thus, the social jet lag of evening type workers under early working conditions might be associated with future
diseases. However, the early working conditions, which include the early work start time and decreased long
working hours at night, are thought to be effective for decreasing the number of long working hours [16]. The
morning type workers under early working conditions had no problem with sleep quality and HRQOL because
their early sleep offset time matched their chronotype, while evening type workers under early working
conditions had poor sleep quality. Therefore, taken together, this fact suggested that it is important to consider
workers’ individual chronotype when new working styles are introduced.

This study has some limitations. First, we did not evaluate objective sleep status by using sleep devices like
Actiwatch. Nevertheless, PSQI-J is a very popular method for evaluating sleep status and its reliability and
validity have been established [4]. Secondly, we did not evaluate the working variables (clock in/out time and
working hours) since this study focused on sleep status of workers engaged in different working conditions.
Future studies should examine other working variables to offer detailed discussions on how working style
influences workers’ sleep. Although this study had some limitations, it is the first of its kind to show the
association between sleep and HRQOL in both morning and evening chronotype workers who are working under
both early and normal working conditions.

In summary, based on the results of our study, we observe that evening type workers had poorer sleep status
and lower social relationship scores of HRQOL compared to morning type workers. Further, evening type
workers under early working conditions had poor sleep quality. Therefore, our study suggests that in order to
improve each worker’s health, his or her working condition should be suited to his or her individual chronotype.
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