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Abstract: Objectives: Sleep disturbances are related to

somatic and mental disorders, industrial accidents, ab-

senteeism, and retirement because of disability. We

aimed to identify health-related behaviors associated

with subjective sleep insufficiency in Japanese workers.

Methods: This cross-sectional study included 5,297 em-

ployees (mean age: 43.6±11.3 years; 4,039 men). Mul-

tiple logistic regression analysis was used to identify

health-related behaviors associated with subjective

sleep insufficiency. Results: Overall, 28.2% of partici-

pants experienced subjective sleep insufficiency. There

was a significant difference between the genders in the

proportion of participants with subjective sleep insuffi-

ciency (male: 26.4%; female: 34.3%; p<0.001). Multiple

logistic regression analysis revealed that being a female

or�40 years, experiencing a weight change of�3 kg dur-

ing the preceding year, not exercising regularly, not walk-

ing quickly, and eating a late-evening or fourth meal

were associated with subjective sleep insufficiency. After

stratifying by gender, age�40 years, not exercising regu-

larly, and eating a late-evening or fourth meal were sig-

nificantly associated with subjective sleep insufficiency in

both genders. Not walking quickly, experiencing a weight

change, and eating quickly were positively associated

with subjective sleep insufficiency only for males. Fe-

males who did not engage in physical activity were more

likely to have experienced subjective sleep insufficiency,

but this relationship was not observed in males. Conclu-

sions: The results indicated that certain health-related

behaviors, specifically not exercising regularly and noc-

turnal eating habits, were associated with subjective

sleep insufficiency in a group of Japanese workers.

(J Occup Health 2017; 59: 139-146)
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Introduction

During the past two decades, there have been notable

changes in working styles in Japan, such as a trend to-

ward more shift work, flexible work schedules, discre-

tionary labor system, and irregular working hours. The

proportion of nighttime workers has increased to 21.8%

and the annual average number of working hours in Japan

was higher than that in the majority of western European

countries as of 20121,2). The duration of sleep among Japa-

nese workers was the shortest among workers worldwide

in 20123). Insomnia and short sleep (also known as sleep

insufficiency) contribute to a wide range of detrimental

health effects4-8). Several epidemiological studies have re-

vealed that sleep insufficiency is associated with mental

disorders, industrial and traffic accidents, absenteeism,

and retirement because of disability 9-12 ) . Sleep insuffi-

ciency and sleep disorders are considered to be among the

most important health issues in Japan, especially in occu-

pational settings.

Health-related behaviors, such as exercise, physical ac-

tivity, alcohol consumption, body mass index (BMI), and

demographic characteristics, including age and gender,

are associated with sleep insufficiency13,14). Brief and low-

intensity exercise, for instance, causes a rise in core body

temperature and improves sleep quality15). In contrast, eat-

ing immediately before bedtime impairs peripheral circa-

dian clocks, leading to poor sleep quality16). However, few

epidemiological studies have investigated the demo-

graphic characteristics and health-related behaviors asso-

ciated with subjective sleep insufficiency (feeling of inef-
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ficient sleep) in large samples of full-time workers. We

hypothesized that workers’ daily behaviors would be as-

sociated with subjective sleep insufficiency. Thus, we

aimed to reveal whether and which behaviors and demo-

graphic characteristics would be associated with subjec-

tive sleep insufficiency in Japanese workers.

Subjects and Methods

Study design and participants
At the Yamaha Health Care Center in Hamamatsu, Ja-

pan, we conducted a cross-sectional study to investigate

the relationship between subjective sleep sufficiency and

health-related behaviors in Japanese workers. Most of the

participants were employees of manufacturing companies

in Hamamatsu. The Japanese Industrial Safety and Health

Law requires employers to conduct annual health exami-

nations of all their employees. Our study used routinely

collected data from these examinations.

Data collection
Participants were required to complete a self-

administered, standardized questionnaire during their

health examination. They answered all questionnaires

subjectively. The study variables included subjective

sleep insufficiency and 11 health-related behaviors, in-

cluding smoking ( never, former, or current smoker ) ,

weight gain (�10 kg since 20 years), regular exercise (ex-

ercising�2 days/wk, for�30 minutes during the previous

year) , physical activity (walking �1 hour everyday or

equivalent physical activity ) , walking speed ( walking

more quickly than people of your age and gender), weight

change (gain or loss of�3 kg during the last year), eating

speed ( slow, moderate, or fast ) , eating a late-evening

meal (�2 hours before bedtime �3 days/wk) , eating a

fourth meal (after the evening meal for�3 days/wk), skip-

ping breakfast (�3 days/wk), and alcohol consumption

(rare, sometimes, or everyday). Participants who did not

feel refreshed after a night’s sleep were considered to

have “subjective sleep insufficiency.”

Statistical analysis
Chi-square tests were conducted to compare the preva-

lence of subjective sleep sufficiency between the genders

and the prevalence of health-related behaviors between

participants reporting subjective sleep sufficiency and

those reporting subjective sleep insufficiency. The rela-

tionships among each health behavior, age, gender, and

subjective sleep insufficiency were estimated using the

odds ratio (OR) and 95% confidence interval (CI) ob-

tained from univariate logistic regression models. Con-

founding factors were assessed using a stepwise method

by including variables that were statistically significant in

the univariate regression analysis in multivariate logistic

regression models. Multicollinearity was assessed using

the variance inflation factors for each variable. P-values

<0.05 were considered to be statistically significant. Data

analysis was conducted using EZR, version 1.3217).

Ethics statement
The study protocol complied with the recommenda-

tions in the Declaration of Helsinki (1964, revised 1975,

1983, 1989, 1996, 2000, 2002, 2004, 2008, and 2013).

The ethics committee of the Yamaha Health Insurance

Society approved this study. The committee waived the

requirement of obtaining informed consent from partici-

pants because the study was a retrospective observational

analysis. Use of the “opt-out” approach to consent was

approved. A written explanation of the use of data from

clinical investigations was provided on the websites of

participating companies. Participants did not provide

written informed consent but were allowed to decline par-

ticipation; none declined participation. Health examina-

tion data were downloaded, without personally identifi-

able information, from an electronic database.

Results

Sample description and prevalence of subjective sleep in-
sufficiency

A total of 5,308 employees who underwent general

health examinations between January and December 2014

were enrolled in the study. The examination response rate

was 95.4% of employees for whom the examination was

mandatory. All 5,308 individuals filled out at least part of

the questionnaire (valid response rate: 100%), but eight

males and three females who did not complete the ques-

tionnaire were excluded. Our analysis included 5,297 par-

ticipants (4,039 males and 1,258 females) with complete

data on all of the health-related behaviors. The age of

study participants ranged from 18 to 73 years with a mean

and standard deviation of 43.6±11.3 years. Overall, the

proportion of participants found to have subjective sleep

insufficiency was 28.2%. There was a significant gender

difference in the proportion of participants with subjec-

tive sleep insufficiency (males: 26.4%; females: 34.3%; p

<0.001). Fig. 1 shows the proportion of participants with

subjective sleep insufficiency by age and gender. Partici-

pants were divided into six age groups (n, % with subjec-

tive sleep insufficiency): �19 (n=7, 14.3%), 20-29 (n=

720, 23.1%), 30-39 (n=1,226, 23.9%), 40-49 (n=1,540,

33.6%) , 50-59 (n =1,519, 30.5%) , and �60 ( n = 292,

20.5%) years. The number (% with subjective sleep insuf-

ficiency) of males and females in each age group was 5

(20.0%) and 2 (0%) �19, 480 (21.7%) and 230 (26.1%)

20-29, 974 ( 23.0% ) and 252 ( 27.4% ) 30-39, 1,164

(32.0%) and 376 (38.6%) 40-49, 1,152 (27.3%) and 367

(40.9%) 50-59, and 264 (19.7%) and 31 (25.8%) �60

years, respectively. Of the participants, females in their

40s and 50s were significantly and highly significantly
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Fig.　1.　Prevalence of subjective sleep insufficiency by gen-

der and age (n=5,297). Chi-squared tests were con-

ducted. 

more likely to have subjective sleep insufficiency than

males in the same age ranges (p=0.02 and p<0.001, re-

spectively).

Comparison of health-related behaviors between subjec-
tive sleep sufficiency and insufficiency

Table 1 shows a comparison of the prevalence of par-

ticipants who engaged in several health-related behaviors

as shown between participants reporting subjective sleep

sufficiency and those reporting subjective sleep insuffi-

ciency. Participants with subjective sleep sufficiency

were more likely to engage in regular exercise, engage in

physical activities, and walk quickly as compared with

participants with subjective sleep insufficiency. However,

participants with subjective sleep insufficiency were more

likely to have gained weight, experience weight changes,

and eat a late-evening or fourth meal. Variation between

the genders was found in the differences in engagement in

several health-related behaviors between those with and

without subjective sleep insufficiency (Table 1). Among

males, participants with subjective sleep insufficiency

were more likely to be current smokers, have gained

weight, experience weight changes, not walk quickly, and

eat quickly, whereas these relationships were not ob-

served in females. In contrast, participants with subjective

sleep insufficiency were more likely to engage in physical

activities and eat a late-evening or fourth meal than those

with subjective sleep sufficiency in both genders.

Associations between subjective sleep insufficiency and
health-related behaviors

We used univariate and multivariate logistic regression

analyses to identify health-related behaviors associated

with subjective sleep insufficiency (Table 2). In the uni-

variate analysis, participants who were females or �40

years, did not engage in regular exercise or physical activ-

ity, and did not walk quickly were more likely to have

subjective sleep insufficiency. Participants who gained

weight, experienced weight change, and ate a late-

evening or fourth meal were also more likely to have sub-

jective sleep insufficiency in that analysis. After stepwise

variable selection, the final multiple logistic regression

model indicated that participants who were females, �40

years, experienced weight change, did not engage in regu-

lar exercise, did not walk quickly, and ate a late-evening

or fourth meal were more likely to have subjective sleep

insufficiency.

At last, we performed a subanalysis to identify health-

related behaviors associated with subjective sleep insuffi-

ciency in each gender. This was because females were se-

lected as independent variables associated with subjective

sleep insufficiency. In the models for both genders, par-

ticipants who were �40 years, did not engage in regular

exercise, and ate a late-evening or fourth meal were more

likely to have subjective sleep insufficiency. Among

males, participants who were �40 years, experienced

weight change, did not engage in regular exercise, did not

walk quickly, ate a late-evening or fourth meal, and ate

quickly were more likely to have subjective sleep insuffi-

ciency. Among females, participants who were�40 years,

did not engage in regular exercise or physical activity,

and ate a late-evening or fourth meal were more likely to

have subjective sleep insufficiency.

Discussion

This study identified health-related behaviors and

demographic characteristics associated with subjective

sleep insufficiency in a large sample of Japanese employ-

ees. The results showed the following points: (1) Females

and those aged�40 years, who had gained weight, experi-

enced weight changes, did not exercise regularly, did not

walk quickly, and ate a late-evening or fourth meal were

more likely to have subjective sleep insufficiency; and (2)

gender differences in which health-related behaviors were

independently associated with subjective sleep insuffi-

ciency were also prevalent.

Consistent with previous studies, we found that inade-

quate activity (not engaged in regular exercise) and not

walking quickly (which might indicate inferior muscle

strength) were independently associated with subjective

sleep insufficiency among all participants. In previous

studies, a positive association was observed between ex-

ercise and sleep quality18,19). Exercise has been proposed as

a means of improving sleep quality through providing

central nervous system fatigue, body temperature eleva-

tion, and stress reduction20). The present study also deter-

mined a positive association between exercise and sleep

sufficiency, irrespective of the participant’s gender. We

generally believe that the intensity and volume of exercise

may affect sleep sufficiency and this may also depend on

the type of exercise21). Wang et al. showed that moderate-
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Table　1.　Comparison of the prevalence of health-related behaviors between participants reporting subjective sleep sufficiency and 

those reporting subjective sleep insufficiency

Total (n=5,297) Male (n=4,039) Female (n=1,258)

Health-related 

behaviors

Subjective 

sleep 

sufficiency 

(n=3,798)

Subjective 

sleep insuf-

ficiency 

(n=1,499)

p-valuea

Subjective 

sleep 

sufficiency 

(n=2,972)

Subjective 

sleep insuf-

ficiency 

(n=1,067)

p-valuea

Subjective 

sleep 

sufficiency 

(n=826)

Subjective 

sleep insuf-

ficiency 

(n=432)

p-valuea

Current smoker, 

n (%)

704 

(18.5%)

295 

(19.7%)

0.349 667 

(22.4%)

272 

(25.5%)

0.047 37 

(4.5%)

23 

(5.3%)

0.490

Weight gain, 

n (%)

1,038 

(27.3%)

468 

(31.2%)

0.005 926 

(31.2%)

298 

(37.3%)

<0.001 112 

(13.6%)

70 

(16.2%)

0.206

Regular exercise, 

n (%)

929 

(24.5%)

293 

(19.5%)

<0.001 813 

(27.4%)

251 

(23.5%)

0.015 116 

(14.0%)

42 

(9.7%)

0.031

Physical activity, 

n (%)

1,452 

(38.2%)

488 

(32.6%)

<0.001 1,200 

(40.4%)

389 

(36.5%)

0.026 252 

(30.5%)

99 

(22.9%)

0.004

Walking quickly, 

n (%)

2,097 

(55.2%)

741 

(49.4%)

<0.001 1,716 

(57.7%)

554 

(51.9%)

0.001 381 

(46.1%)

187 

(43.3%)

0.341

Weight change, 

n (%)

903 

(23.8%)

420 

(28.0%)

0.002 715 

(24.1%)

318 

(29.8%)

<0.001 188 

(22.8%)

102 

(23.6%)

0.778

Eating quickly, 

n (%)

998 

(26.3%)

429 

(28.6%)

0.086 842 

(28.3%)

355 

(33.3%)

0.002 156 

(18.9%)

74 

(17.1%)

0.490

Late evening meal, 

n (%)

1,102 

(29.0%)

528 

(35.2%)

<0.001 926 

(31.2%)

395 

(37.0%)

<0.001 176 

(21.3%)

133 

(30.8%)

<0.001

Fourth meal, 

n (%)

482 

(12.7%)

284 

(18.9%)

<0.001 358 

(12.0%)

194 

(18.2%)

<0.001 124 

(15.0%)

90 

(20.8%)

0.011

Skipping breakfast, 

n (%)

381 

(10.0%)

168 

(11.2%)

0.211 322 

(10.8%)

134 

(12.6%)

0.128 59 

(7.1%)

34 

(7.9%)

0.651

Alcohol consumption, 

n (%)

778 

(20.5%)

301 

(20.1%)

0.762 727 

(24.5%)

273 

(25.6%)

0.482 51 

(6.2%)

28 

(6.5%)

0.808

Data are expressed as number (%).
a Chi-squared tests were used to compare the prevalence of health-related behaviors between participants reporting subjective sleep 

sufficiency and those reporting subjective sleep insufficiency.

intensity exercise improved sleep quality, while light-

intensity exercise did not have a statistically significant

advantage over no exercise at all, and suggested that an

increased intensity of exercise may improve sleep quality

in older adults22). However, many studies found no differ-

ence among the effects on sleep of exercise at various in-

tensities or volumes23,24 ) . In this study, walking quickly,

which may be indicative of lower muscle strength, and

physical activity, also related to sleep sufficiency, al-

though specific intensities and volumes that have a posi-

tive correlation are unclear. Furthermore, it is noteworthy

that not only exercise but also normal physical activity,

such as working, may have some impact on sleep. Work-

ing conditions, such as long hours and shift work, could

interrupt regular exercise habits of workers. This study

does not extend to information about intensity or certain

amounts of exercise, or to working environments. Such

information is important for identifying factors interrupt-

ing exercise habits of workers. Future research could ex-

amine such effects and populations.

Nocturnal eating habits, such as having a late-evening

or fourth meal, were independently associated with sub-

jective sleep insufficiency in all participants. One study

reported that food intake near the sleeping period was

negatively correlated with sleep quality, such as sleep ef-

ficiency, latency, and rapid eye movement sleep latency16).

In addition to eating time, dietary macronutrient composi-

tion may also relate to sleep insufficiency. Another study

showed an association between a high-fat dinner and per-

sistently short sleep duration25). Our result is in line with

these findings. As we do not have any data on macronu-

trient composition in nocturnal food intake, we could not

determine whether this influences subjective sleep insuffi-

ciency. Another study determined that protein and carbo-

hydrate intake in daily diet was associated with insomnia;

however, no such association was determined with fat in-

take26). Although we could not reach a conclusion on the

impact of macronutrient composition on sleep, diet is an

important behavioral factor that may influence sleep in-

sufficiency.

Short sleep duration reflects nocturnal eating habits. A

previous intervention study showed that sleep restriction
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Table　2.　Odds ratio (OR) and 95% confidence interval (CI) for subjective sleep insufficiency by sex, age, and health-related 

behaviors

Independent variable

Univariate analysis Multivariate analysisa

Total (n=5,297) Total (n=5,297) Male (n=4,039) Female (n=1,258)

OR 

(95% CI)
p-valueb

OR 

(95% CI)
p-valuec

OR 

(95% CI)
p-valuec

OR 

(95% CI)
p-valuec

Sex Male reference reference

Female 1.46 

(1.27-1.67)

<0.001 1.43 

(1.24-1.64)

<0.001

Age <40 years reference reference reference reference

≥40 years 1.46 

(1.28-1.66)

<0.001 1.54 

(1.35-1.75)

<0.001 1.45 

(1.24-1.69)

<0.001 1.78 

(1.38-2.29)

<0.001

Smoking status Current smok-

er

reference

Never or 

former smoker

0.93 

(0.80-1.08)

0.349

Weight gain Yes reference

No 0.83 

(0.73-0.95)

0.005

Weight change Yes reference reference reference

No 0.80 

(0.69-0.92)

0.002 0.78 

(0.68-0.89)

<0.001 0.76 

(0.65-0.89)

<0.001

Regular 

exercise

Yes reference reference reference reference

No 1.33 

(1.14-1.55)

<0.001 1.28 

(1.10-1.49)

0.001 1.23 

(1.04-1.46)

0.013 1.53 

(1.04-2.26)

0.031

Physical 

activity

Yes reference reference

No 1.28 

(1.13-1.46)

<0.001 1.35 

(1.02-1.78)

0.036

Walking 

quickly

Yes reference reference reference

No 1.26 

(1.12-1.42)

<0.001 1.21 

(1.07-1.37)

0.002 1.28 

(1.11-1.48)

<0.001

Late evening 

meal

Yes reference reference reference reference

No 0.75 

(0.66-0.86)

<0.001 0.76 

(0.67-0.86)

<0.001 0.82 

(0.70-0.95)

0.007 0.61 

(0.49-0.80)

<0.001

Fourth meal Yes reference reference reference reference

No 0.62 

(0.53-0.73)

<0.001 0.64 

(0.64-0.88)

<0.001 0.62 

(0.51-0.76)

<0.001 0.72 

(0.53-0.99)

0.040

Eating quickly Yes reference reference

No 0.89 

(0.77-1.02)

0.086 0.81 

(0.70-0.95)

0.009

Skipping 

breakfast

Yes reference

No 0.88 

(0.73-1.08)

0.211

Alcohol 

consumption

Everyday reference

Sometimes or 

rarely

1.03 

(0.88-1.19)

0.762

a Variables that were statistically significant in the univariate logistic regression were analyzed.
b Chi-squared tests were conducted.
c Multivariate stepwise logistic regression was conducted.

increased food intake late in the evening, especially when

following dinner27 ). Another study established that short

sleep duration increased serum ghrelin and reduced serum

leptin6), which leads to increased appetite. Although eat-

ing habits (e.g. , late-evening meals, fourth meals, and

breakfast skipping) and alcohol intake evidently influ-
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enced sleep in previous studies13,28), no effects of alcohol

intake and breakfast skipping on subjective sleep insuffi-

ciency were observed in this study. This inconsistency

maybe due to differences in socioeconomic backgrounds

as seen in factors, such as work hours, family structure,

and differing definitions of short sleep.

It is noteworthy that nocturnal eating habits were re-

lated to sleep insufficiency for workers irrespective of

gender in this study. Our results indicated that weight

gain and weight changes, which were supposed to be as-

sociated with increased unhealthy eating habits, were also

found to have statistically significant relationships with

insufficient sleep. We found a statistically significant as-

sociation between eating quickly and subjective sleep in-

sufficiency only among males. Consideration of the

mechanism underlying the negative influence of eating

quickly on sleep for males was beyond the scope of this

study, but we speculate that lack of control of work con-

ditions may cause greater stress among males than fe-

males. In sum, eating habits appear especially important

with regard to sleep-related lifestyle issues for all study

participants.

We found gender and age differences in the prevalence

of subjective sleep insufficiency. Many studies, after ac-

counting for gender differences, have revealed that sleep

disturbances and short sleep durations were associated

with age14,29,30). In this study, females were more likely to

have subjective sleep insufficiency than males in nearly

all age groups. The prevalence of subjective sleep insuffi-

ciency was lower for males in their 50s than for those in

their 40s but higher among females in their 50 s than

among those in their 40 s. For those in their 60 s, the

prevalence of subjective sleep insufficiency also tended to

be higher among females; however, it did not reach a sta-

tistically significant level because of the small number of

participants in this age group. Females usually enter

menopause in their mid-40s to mid-50s. A previous study

reported that female sex hormones affect sleep during

these periods31). In females, estrogen strongly affects sev-

eral biological factors that directly influence sleep, in-

cluding body temperature regulation, circadian rhythms,

and stress reactivity32). Decreased estradiol was found to

be associated with self-reported sleep disturbances33 ). In

contrast, other studies have shown that menopause does

not contribute to sleep disturbance 34 ) . Depression and

anxiety are common during menopause35) and both have

been found to contribute to sleep disturbance. The effects

of age-related changes and female reproductive hormones

on sleep problems have yet to be definitively clarified. As

we had no data on the menopausal status, we could not

determine the most plausible mechanism. Human sleep

occurs with circadian periodicity, and variation in hor-

mones related to the menstrual cycle may contribute to

cyclical sleep disturbance in females36 ) . We also lacked

data on work contents for males and females; moreover,

this factor could present confounding variables that affect

sleep insufficiency.

Our study had several limitations. First, self-reported

subjective sleep insufficiency and other health-related be-

haviors may be subject to misclassification bias. In addi-

tion, we could not evaluate the association between objec-

tive sleep insufficiency and health-related behaviors. Sec-

ond, reports of subjective sleep insufficiency may not be

consistent with actual sleep duration and quality. Previous

studies have indicated that inferior sleep measured by

polysomnography in males was not always correlated

with subjective sleep assessments37). Furthermore, female

participants currently in menopause were two to four

times more likely to complain of sleep deficiency than

non-menopausal females, while in a study using polysom-

nography as an objective evaluation, no differences were

observed between relevant states of females before and

after menopause 38 ) . Although subjective observation of

sleep does not directly correspond with objective moni-

toring, it has some advantages. Our self-administered

questionnaire was used in annual health examinations of

all employees, which allowed us to collect large amounts

of data without extensive effort by the study participants.

Moreover, assessment of subjective sleep quality is a

common practice for evaluating the relationship between

sleep disorders and mental illnesses. Third, we did not ex-

amine individual or combined effects of work schedules,

occupational categories, and work settings―which varied

greatly in our sample―on subjective sleep insufficiency.

Work schedules and occupational categories may influ-

ence health-related behaviors, such as physical activity

levels during work and the timing and duration of meals.

Further research should assess the relationship between

sleep insufficiency and occupational classification.

At last, biological or social factors outside the scope of

this study may be associated with sleep. Although etio-

logic relationships are unclear, our results suggest that

preferentially education of people likely to experience

sleep disturbances― because of their age, gender, or

health-related behaviors―on their risk factors could be

conducted in workplaces to improve employee health.

In conclusion, we found that older age, female gender,

physical inactivity, and nocturnal eating habits were inde-

pendently associated with subjective sleep insufficiency

in a sizeable group of Japanese workers. The effects of

workplace health educational interventions on insufficient

sleep should be examined in a future longitudinal study.

Source of funding: This work was supported by the Ja-

pan Society for Occupational Health, Tokai Branch, Sci-

entific Research Promotion Committee.

Conflict of interest: Makoto Kageyama, Isagi Mizuta,

Makoto Yamamoto, Keiko Yamaga, Takako Hirano,

Kazue Onoue, and Akihiko Uehara are employees of



Makoto Kageyama, et al.: Health-related behaviors and subjective sleep insufficiency 145

Yamaha Corporation. This funding source had no role in

preparing the manuscript or in the decision to publish it.

Keiichi Odagiri has no competing interests to declare.

Acknowledgments: The authors would like to thank the

study participants for their time and dedication to the

study.

References

1) Ministry of Health, L.a.W. Survey on State of Employees’

Health. [Online]. 2012[cited 2015 Dec. 2]; Available from:

URL: http://www.mhlw.go.jp/toukei/list/h24-46-50.html

2) Development, O.f.E.C.-O.A. Average annual hours actually

worked per worker. [Online]. 2012[cited 2015 Dec. 2]; Avail-

able from: URL: http://stats.oecd.org/Index.aspx?DataSetCode

=ANHRS

3) Development, O. f. E. C. -O. A. Balancing paid work, unpaid

work and leisure. [Online]. 2012[cited 2015 Dec. 2]; Available

from: URL: http://www.oecd.org/gender/data/balancingpaidw

orkunpaidworkandleisure.htm

4) Spiegelhalder K, Regen W, Nanovska S, Baglioni C, Riemann

D. Comorbid sleep disorders in neuropsychiatric disorders

across the life cycle. Curr Psychiatry Rep 2013; 15: 364.

5) Faraut B, Boudjeltia KZ, Vanhamme L, Kerkhofs M. Immune,

inflammatory and cardiovascular consequences of sleep re-

striction and recovery. Sleep Med Rev 2012; 16: 137-149.

6) Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep

duration is associated with reduced leptin, elevated ghrelin,

and increased body mass index. PLoS Med 2004; 1: e62.

7) Jackowska M, Steptoe A. Sleep and future cardiovascular risk:

Prospective analysis from the English Longitudinal Study of

Ageing. Sleep Med 2015; 16: 768-774.

8) Spira AP, Chen-Edinboro LP, Wu MN, Yaffe K. Impact of

sleep on the risk of cognitive decline and dementia. Curr Opin

Psychiatry 2014; 27: 478-483.

9) Horstmann S, Hess CW, Bassetti C, Gugger M, Mathis J.

Sleepiness-related accidents in sleep apnea patients. Sleep

2000; 23: 383-389.

10) Nakata A. Effects of long work hours and poor sleep charac-

teristics on workplace injury among full-time male employees

of small- and medium-scale businesses. J Sleep Res 2011; 20:

576-584.

11) Yokoyama E, Kaneita Y, Saito Y, et al. Association between

depression and insomnia subtypes: A longitudinal study on the

elderly in Japan. Sleep 2010; 33: 1693-1702.

12) Rahkonen O, Lallukka T, Kronholm E, Vahtera J, Lahelma E,

Laaksonen M. Sleep problems and sickness absence among

middle-aged employees. Scand J Work Environ Health 2012;

38: 47-55.

13) Thakkar MM, Sharma R, Sahota P. Alcohol disrupts sleep ho-

meostasis. Alcohol 2015; 49: 299-310.

14) Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV.

Meta-analysis of quantitative sleep parameters from childhood

to old age in healthy individuals: developing normative sleep

values across the human lifespan. Sleep 2004; 27: 1255-1273.

15) Nagamatus T, Kitabatake Y, Sensui H. Effect of brief and

low-intensity stretch exercise on core temperature, stress, and

mood. Bulletin of the Physical Fitness Research Institute

2012; 110: 1-7 (in Japanese).

16) Crispim CA, Zimberg IZ, dos Reis BG, Diniz RM, Tufik S, de

Mello MT. Relationship between food intake and sleep pattern

in healthy individuals. J Clin Sleep Med 2011; 15: 659-664.

17) Kanda Y. Investigation of the freely available easy-to-use soft-

ware ‘EZR’ for medical statistics. Bone Marrow Transplant

2013; 48: 452-458.

18) Yang PY, Ho KH, Chen HC, Chien MY. Exercise training im-

proves sleep quality in middle-aged and older adults with

sleep problems: A systematic review. J Physiother 2012; 58:

157-163.

19) Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, Otto

MW. The effects of physical activity on sleep: A meta-analytic

review. J Behav Med 2015; 38: 427-449.

20) Uchida S, Shioda K, Morita Y, Kubota C, Ganeko M, Takeda

N. Exercise effects on sleep physiology. Front Neurol 2012; 3:

48.

21) Gerber M, Brand S, Herrmann C, Colledge F, Holsboer-

Trachsler E, Pühse U. Increased objectively assessed

vigorous-intensity exercise is associated with reduced stress,

increased mental health and good objective and subjective

sleep in young adults. Physiol Behav 2014; 135: 17-24.

22) Wang X, Youngstedt SD. Sleep quality improved following a

single session of moderate-intensity aerobic exercise in older

women: Results from a pilot study. J Sport Health Sci 2014; 3:

338-342.

23) Jones H, George K, Edwards B, Atkinson G. Exercise inten-

sity and blood pressure during sleep. Int J Sports Med 2009;

30: 94-99.

24) Myllymäki T, Rusko H, Syväoja H, Juuti T, Kinnunen ML,

Kyröläinen H. Effects of exercise intensity and duration on

nocturnal heart rate variability and sleep quality. Eur J Appl

Physiol 2012; 112: 801-809.

25) Cao Y, Taylor AW, Pan X, Adams R, Appleton S, Shi Z. Din-

ner fat intake and sleep duration and self-reported sleep pa-

rameters over five years: Findings from the Jiangsu Nutrition

Study of Chinese adults. Nutrition 2016; 32: 970-974.

26) Tanaka E, Yatsuya H, Uemura M, et al. Associations of pro-

tein, fat, and carbohydrate intakes with insomnia symptoms

among middle-aged Japanese workers. J Epidemiol 2013; 23:

132-138.

27) Spaeth AM, Dinges DF, Goel N. Effects of Experimental

Sleep Restriction on Weight Gain, Caloric Intake, and Meal

Timing in Healthy Adults. Sleep 2013; 36: 981-990.

28) Nishiura C, Noguchi J, Hashimoto H. Dietary patterns only

partially explain the effect of short sleep duration on the inci-

dence of obesity. Sleep 2010; 33: 753-757.

29) Campbell SS, Murphy PJ. Relationships between sleep and

body temperature in middle-aged and older subjects. J Am

Geriatr Soc 1998; 46: 458-462.

30) Duffy JF, Zitting KM, Chinoy ED. Aging and Circadian

Rhythms. Sleep Med Clin 2015; 10: 423-434.



146 J Occup Health, Vol. 59, 2017

31) de Zambotti M, Willoughby AR, Sassoon SA, Colrain IM,

Baker FC. Menstrual Cycle-Related Variation in Physiological

Sleep in Women in the Early Menopausal Transition. J Clin

Endocrinol Metab 2015; 100: 2918-2926.

32) Redline S, Kump K, Tishler PV, Browner I, Ferrette V. Gen-

der differences in sleep disordered breathing in a community-

based sample. Am J Respir Crit Care Med 1994; 149: 722-

726.

33) NIH State-of-the-Science Conference Statement on manage-

ment of menopause-related symptoms. NIH Consens State Sci

Statements 2005; 22: 1-38.

34) Tao MF, Sun DM, Shao HF, Li CB, Teng YC. Poor sleep in

middle-aged women is not associated with menopause per se.

Braz J Med Biol Res 2016; 49: e4718.

35) Cheng MH, Hsu CY, Wang SJ, Lee SJ, Wang PH, Fuh JL.

The relationship of self-reported sleep disturbance, mood, and

menopause in a community study. Menopause 2008; 15: 958-

962.

36) Shechter A, Varin F, Boivin DB. Circadian variation of sleep

during the follicular and luteal phases of the menstrual cycle.

Sleep 2010; 33: 647-656.

37) Kobayashi R. Gender Differences in the Sleep-Wakefulness

Patterns and Rectal Temperature Rhythms of Healthy Middle

Aged and Elderly Subjects. Japanese journal of electroen-

cephalography and electromyography Jpn J EEG EMG 1998;

26: 1-9.

38) Young T, Rabago D, Zgierska A, Austin D, Laurel F. Objec-

tive and subjective sleep quality in premenopausal, perimeno-

pausal, and postmenopausal women in the Wisconsin Sleep

Cohort Study. Sleep 2003; 26: 667-672.

Journal of Occupational Health is an Open Access article distributed under

the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 Interna-

tional License. To view the details of this license, please visit (https://creative-

commons.org/licenses/by-nc-sa/4.0/).


