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Background: The present study investigated the association between two domains of physical activity
(occupational physical activity [OPA] and leisure-time physical activity [LTPA]) and sleep duration.
Methods: We investigated 3,421 paid workers from the Korea National Health and Nutrition Examination
Survey, 2014e2015. Sleep duration was categorized into three categories (short for less than 5 h, optimal
for 5e9 h, and long for more than 9 h). OPA and LTPA were defined in terms of answers to relevant
questions. Odds ratios were calculated for sleep duration according to each physical activity domain
using multinomial logistic regression models.
Results: There were 464 subjects (13.6%) who showed short sleep duration, and 169 subjects (4.9%) who
showed long sleep duration. Prevalence of OPA and LTPA was higher in male workers than in female
workers (for OPA: 3.67% and 1.76%, respectively, p ¼ 0.0108; for LTPA: 16.14% and 6.07%, respectively,
p < 0.0001). The odds ratio of OPA for long sleep duration in female workers was 3.35 (95% confidence
interval, 1.37e8.21). Otherwise, LTPA was not associated with sleep duration in female paid workers, nor
both physical activity domains in male paid workers.
Conclusion: Female paid workers with work-related physical activity were at risk of oversleeping. These
findings also suggested that physical activity has distinct associations with sleep duration according to
the physical activity domains and sex.
� 2021 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The beneficial effects of physical activity (PA) on health are well-
known. However, much of the research on the benefits of PA is
limited to leisure-time physical activity (LTPA). In recent studies, it
is suggested that occupational physical activity (OPA) can be
detrimental on health. For example, OPA increased the risk of
myocardial infarction [1] and long-term sickness absence [2]. The
concept of these opposite health effects of OPA and LTPA is termed
“physical activity health paradox” [3]. However, the “physical ac-
tivity health paradox” is not well-documented on sleep problems.

Existing studies on the relationship between PA and sleep are
inconsistent. In a US population-based study, PA was inversely
associated with excessive daytime sleepiness, trouble in concen-
trating when tired, and leg cramps during sleep [4]. Physical
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inactivity predicted sleep loss in a Japanese population-based study
[5]. However, in a recent meta-analysis including randomized
controlled trials, PA has only a small benefit on sleep [6]. In addi-
tion, the association between PA and sleep duration remains un-
clear. In a previous study, an inverse association between walking
activities and sleep time was reported [7]. In the other study, PA
increased with sleep duration in young-aged participants, but PA
was either lower in those reporting more than 8 h of sleep or un-
related to sleep duration in middle-aged and older participants [8].
However, the previous studies have focused on a general popula-
tion and without adequately addressing work-related factors.

Sleep duration is an essential factor on individuals’ health which
is not restricted to sleep problems and important for performance
at work. Deviation from an optimal sleep duration is not only an
indicator of poor sleep but also a maker for overall health. People
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with short or long sleep durations were more likely to report sleep
disturbances [9,10]. Furthermore, both short and long sleep dura-
tions have been associated with negative impacts on health,
including higher risks of cardiovascular diseases, diabetes, obesity,
depression, and mortality [11e13]. In addition, sleeping optimal
duration is important for productivity and safety in the workplace.
The relationship of sleep duration with sickness absence and pre-
senteeism showed a U-shape pattern in US employees, which
suggests both short and long sleep durations may be associated
with lower productivity at work [14]. Also, sleep duration is better
associated with accidents and accident risk than sleep quality in
transportation industry [15].

In the present study, we investigated the association of sleep
duration with OPA and LTPA in the general working population
using data from the Korea National Health and Nutrition Exami-
nation Survey (KNHANES). The main purpose of this study was to
investigate the association between physical activity and optimal
sleep duration. Main hypothesis was that OPA, but not LTPA, would
be associated with short and/or long sleep durations.
2. Materials and methods

2.1. Study population

This study was based on data from the KNHANES VI (2014e
2015), a nationally representative, population-based cross-
sectional survey of the health and nutritional status of Korean
residents conducted by the Korea Centers for Disease Control and
Prevention. Subjects were chosen from multistage probability
sampling units according to age, sex, and geographical area based
on national household registries [16].

A total of 14,930 individuals participated in the KNHANES VI
(2014e2015). Among them, 3,421 paid workers (1,709 men and
1,712 women) aged between 20 and 65 years with no missing data
on the questionnaires about sleep duration, OPA, LTPA, socio-
demographic factors (age, sex, education, and household income),
health behavior-related variables (smoking, alcohol, and body mass
index [BMI]), and work-related factors (working hours and shift
work) were included for the present study (Fig. 1).
2.2. Main variables

Sleep duration was assessed by the following question: “How
many hours of sleep do you get per day on average?” According to
the International Classification of Sleep Disorders, “short” and
“long” sleepers were thosewho slept less than 5 h ormore than 9 h,
Fig. 1. Schematic diagram o
respectively [17]. The answers were reported as numerical values.
Sleep duration was classified into three categories: short (<5 h),
optimal (5e9 h), and long (>9 h).

Information about OPA was collected by using the following
questions: “Does your work include high-intensity PAs that make
you extremely short of breath or keep your heartbeat very fast
for at least 10 minutes?” and “Does your work include moderate-
intensity PAs that make you short of breath or keep your
heartbeat fast for at least 10 minutes?” Those who answered
“yes” to at least one of the two questions were categorized as
subjects who performed OPA, while those who answered “no” to
both questions were categorized as subjects who did not perform
OPA.

Information about LTPA was collected by using the following
questions: “Do you usually do high-intensity exercise or take part in
leisure activities that make you extremely short of breath or keep
your heartbeat very fast for at least 10 minutes?” and “Do you
usually do moderate-intensity exercise or take part in leisure ac-
tivities that make you short of breath or keep your heartbeat fast for
at least 10 minutes?” Those who answered “yes” to at least one of
the two questions were categorized as subjects who performed
LTPA, while those who answered “no” to both questions were
categorized as subjects who did not perform LTPA.
2.3. Covariates

In the present study, various covariates such as age, education
level, household income level, smoking, alcohol drinking, BMI,
working hours, and shift work were included.

Subjects were categorized into five groups according to age
(20e29, 30e39, 40e49, 50e59, and 60e65 years). Education level
was categorized as up to elementary school (�6 years), middle
school (7e9 years), high school (10e12 years), or college and above
(>12 years). Household income level was categorized into quartiles
based on yearly household income. For 2015, the lowest household
income level (lowest quartile) was less than 650 USD per month,
and the highest household income level (highest quartile) was
more than 2,400 USD per month.

Smoking, alcohol consumption, and BMI were included as
health behavioral factors. For smoking and alcohol drinking,
subjects were categorized into relevant groups according to the
operational definition used in the KNHANES [18]. Smokers and
nonsmokers were defined as those who had smoked more or less
than 100 cigarettes in their lifetime, respectively. Past smokers
were defined as those who had quit smoking at least 1 month
before the survey. Alcohol consumption was categorized into
f the study population.



Table 1
Baseline characteristics of the study population

Characteristics Men
(n ¼ 1,709)

Women
(n ¼ 1,712)

p value

n* (%y) n* (%y)

Sleep duration
Short (<5 h) 224 (13.18) 240 (14.00) 0.0056
Optimal 1,423 (82.81) 1,365 (79.28)
Long (>9 h) 62 (4.01) 107 (6.72)

Occupational physical activity
Yes 57 (3.67) 25 (1.76) 0.0108
No 1,652 (96.33) 1,687 (98.24)

Leisure-time physical activity
Yes 266 (16.14) 104 (6.07) <0.0001
No 1,443 (83.86) 1,608 (93.28)

Age, y
20e29 246 (20.05) 321 (24.89) 0.0003
30e39 473 (29.76) 390 (23.39)
40e49 447 (25.93) 462 (26.83)
50e59 393 (19.23) 400 (19.81)
60e65 150 (5.03) 139 (5.09)

Household income
1st quartile (lowest) 75 (4.22) 125 (7.73) 0.0009
2nd quartile 342 (20.65) 372 (20.11)
3rd quartile 609 (36.23) 590 (34.97)
4th quartile (highest) 683 (38.90) 625 (37.19)

Education
Up to elementary school (�6
years)

95 (4.53) 155 (6.88) <0.0001

Middle school (7e9 years) 111 (5.63) 173 (8.81)
High school (10e12 years) 598 (36.70) 638 (38.69)
College and above (>12 years) 905 (53.14) 746 (45.62)

Smoking
Never 453 (28.39) 1,559 (90.40) <0.0001
Past 533 (27.88) 60 (3.61)
Current 723 (43.73) 93 (5.99)

Body mass index
Underweight (<18.5 kg/m2) 32 (2.36) 110 (7.35) <0.0001
Normal 1,011 (59.16) 1,186 (69.88)
Obese (�25.0 kg/m2) 666 (38.48) 416 (22.77)

Alcohol drinking
None 174 (9.50) 409 (21.96) <0.0001
Moderate risk 1,027 (60.68) 1,185 (70.86)
High risk 508 (29.82) 118 (7.18)

Working hour
�40 h 655 (37.72) 1,081 (63.66) 0.0001
>40 h 1,054 (62.28) 631 (36.33)

Shift work
Yes 284 (17.67) 283 (16.53) 0.4751
No (fixed daytime workers) 1,425 (82.33) 1,429 (83.47)

Numbers in bold indicate statistical significance.
* Unweighted sample.
y Weighted sample.
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three groups: none, moderate-risk drinking, and high-risk
drinking. High-risk drinking was defined according to the
amount and frequency of consuming alcoholic beverages: an
average of seven glasses or more at a time, twice or more per week
for men; and five glasses or more at a time, twice or more per
week for women. Based on the World Health Organization
guidelines for the Asia-Pacific region [19], BMI was categorized
into three groups: <18.5 kg/m2 for underweight, 18.5e24.9 kg/m2

for normal, and �25.0 kg/m2 for obese.
Working hours were categorized into two groups based on

weekly working hours: less than or equals to 40 h per week and
longer than 40 h per week. Based on a previous study [20],
daytime workers who answered “work mostly during daytime
(between 6 am ~ 6 pm)” were categorized as non-shift workers
in the present study. Subjects who answered other than “work
during daytime” were categorized as shift workers (e.g., fixed
evening work, fixed night work, regular day and night rotating
shift, split shift, 24-hour rotating shift, and irregular rotating
shift).

2.4. Statistical analysis

KNHANES datawere obtained using a complex sampling design.
Participants were selected by stratified, clustered, and systematic
sampling methods to represent the Korean population. Weighted
statistics were calculated using the officially provided factors for
strata, clusters, and weights. All statistical analyses were stratified
by sex because sex differences in sleep profile are suggested in
previous studies. We used Chi-square tests with weighted values to
compare differences among baseline characteristics related to sleep
duration. Weighted percentages and 95% confidence intervals (CIs)
were presented using the sampling clustering weight.

Odds ratios (ORs) and 95% CIs were also calculated using
weighted multinomial logistic regression models to estimate the
association of sleep duration with OPA and LTPA. The model was
adjusted for sociodemographic factors (age, education, and
household income), health behavior factors (smoking, alcohol,
BMI), and work-related factors (working hours and shift work). All
tests were two-sided, and p values of less than 0.05 were consid-
ered to have a statistical significance. All analyses were conducted
using SAS version 9.3 (SAS Institute, Cary, NC).

3. Results

The baseline characteristics of the study population are pre-
sented in Table 1. Among 3,421 study participants, 1,709 (50.0%)
were male workers, and 1,712 (50.0%) were female workers. Prev-
alence of short and long sleep durations in the working population
was significantly higher in female workers (14.00% and 6.72%,
respectively) than in male workers (13.18% and 4.01%, respectively)
(p ¼ 0.0056). Participation of OPAwas higher in male workers than
in female workers (3.67% and 1.76%, respectively, p ¼ 0.0108).
Participation of LTPA was also higher in male workers than in fe-
male workers (16.14% and 6.07%, respectively, p < 0.0001).

The weighted prevalence of sleep durations according to
subject characteristics is presented in Table 2. OPA was signifi-
cantly associated with sleep duration in female workers
(p ¼ 0.0016), not in male workers (p ¼ 0.4518). LTPA has no sig-
nificant association with sleep duration across sex. Age, educa-
tion, and shift work were associated with sleep duration both in
male (p < 0.0001, p ¼ 0.0005, and p < 0.0001, respectively) and
female workers (p < 0.0001, p ¼ 0.0011, and p ¼ 0.0089,
respectively). Household income and BMI were associated with
sleep duration in male workers (p < 0.0001 and p ¼ 0.0401,
respectively), while smoking and working hours, in female
workers (p < .0001 and p < .0001, respectively).

The adjusted ORs for sleep durations in relation to OPA and LTPA
are presented in Table 3. OPAwas significantly associated with long
sleep duration in female workers (OR, 3.833; 95% CI, 1.589e9.243).
Despite the lack of statistical significance, LTPA showed lower ORs
for both short and long sleep durations in male workers and for
long sleep duration in female workers.

4. Discussion

The main purpose of the present study was to determine the
association of abnormal sleep duration with OPA and LTPA in
working population. Our results showed that OPA was significantly
associated with long sleep duration in female workers (OR, 3.833;
95% CI, 1.589e9.243). In contrast, LTPA had no association with any
deviation from the optimal sleep duration across sex.



Table 3
Odds ratios of two physical activity domains for sleep duration

Domains of physical activity Short sleep duration
(<5 h)

Long sleep duration
(>9 h)

Adjusted
OR

95% CI Adjusted
OR

95% CI

Men
Occupational physical
activity

1.312 0.529e3.253 0.392 0.079e1.950

Leisure-time physical
activity

0.783 0.496e1.236 0.596 0.226e1.568

Women
Occupational physical
activity

0.957 0.345e2.657 3.833 1.589e9.243

Leisure-time physical
activity

1.570 0.848e2.904 0.814 0.372e1.783

CI, confidence interval; OR odds ratio. Numbers in bold indicate statistical
significance.

Table 2
Weighted prevalence of sleep duration according to the characteristics of the study population

Characteristics Sleep duration

Men Women

Total Short (<5 h) Optimal Long (>9 h) p value Total Short (<5 h) Optimal Long (>9 h) p value

n* (%y) n* (%y)

Occupational physical activity
Yes 57 (100) 7 (17.79) 48 (80.52) 2 (1.69) 0.4518 25 (100) 3 (12.13) 15 (63.83) 7 (24.04) 0.0016
No 1,652 (100) 217 (13.01) 1,375 (82.90) 60 (4.10) 1,687 (100) 237 (14.04) 1,350 (79.56) 100 (6.41)

Leisure-time physical activity
Yes 266 (100) 30 (10.95) 230 (86.49) 6 (2.55) 0.2835 104 (100) 18 (16.44) 79 (77.45) 7 (6.11) 0.7649
No 1,443 (100) 194 (13.61) 1,193 (82.10) 56 (4.29) 1,608 (100) 222 (13.83) 1,286 (79.41) 100 (6.76)

Age, y
20e29 246 (100) 31 (13.02) 189 (75.42) 26 (11.56) <0.0001 321 (100) 23 (8.18) 265 (81.37) 33 (10.44) <0.0001
30e39 473 (100) 64 (13.61) 400 (84.70) 9 (1.70) 390 (100) 45 (13.43) 310 (77.10) 35 (9.47)
40e49 447 (100) 53 (12.30) 385 (85.23) 9 (2.47) 462 (100) 69 (15.29) 376 (81.09) 17 (3.62)
50e59 393 (100) 54 (13.26) 325 (84.27) 14 (2.47) 400 (100) 68 (17.03) 318 (79.29) 14 (3.68)
60e65 150 (100) 22 (15.52) 124 (83.03) 4 (1.45) 139 (100) 35 (26.53) 96 (69.45) 8 (4.03)

Household income
1st quartile 75 (100) 17 (19.36) 48 (59.99) 10 (20.65) <0.0001 125 (100) 28 (20.74) 82 (67.35) 15 (11.91) 0.0851
2nd quartile 342 (100) 49 (12.41) 274 (81.54) 19 (6.05) 372 (100) 54 (13.50) 295 (79.98) 23 (6.52)
3rd quartile 609 (100) 76 (13.51) 514 (83.38) 19 (3.12) 590 (100) 80 (14.11) 471 (79.01) 39 (6.87)
4th quartile 683 (100) 82 (12.62) 587 (85.43) 14 (1.95) 625 (100) 78 (12.77) 517 (81.63) 30 (5.60)

Education
Up to elementary school 95 (100) 14 (15.38) 75 (81.31) 6 (3.31) 0.0005 155 (100) 42 (26.15) 106 (70.80) 7 (3.05) 0.0011
Middle school 111 (100) 16 (14.45) 85 (76.02) 10 (9.53) 173 (100) 33 (18.68) 131 (74.41) 9 (6.91)
High school 598 (100) 78 (14.39) 490 (79.43) 30 (6.18) 638 (100) 85 (14.36) 506 (77.89) 47 (7.75)
College and above 905 (100) 116 (12.02) 773 (85.99) 16 (1.99) 746 (100) 80 (10.96) 622 (82.68) 44 (6.36)

Smoking
Never 453 (100) 60 (13.03) 380 (83.86) 13 (3.11) 0.2451 1,559 (100) 210 (13.23) 1,253 (80.08) 96 (6.69) <0.0001
Past 533 (100) 60 (10.32) 456 (85.60) 17 (4.08) 60 (100) 6 (11.70) 50 (81.92) 4 (6.38)
Current 723 (100) 104 (15.10) 587 (80.35) 32 (4.55) 93 (100) 24 (27.09) 62 (65.58) 7 (7.33)

Body mass index
Underweight (<18.5 kg/m2) 32 (100) 1 (3.39) 28 (87.81) 3 (8.80) 0.0410 110 (100) 14 (11.51) 87 (80.35) 9 (8.14) 0.3577
Normal 1,011 (100) 121 (11.60) 854 (84.19) 36 (4.21) 1,186 (100) 157 (13.13) 952 (80.07) 77 (6.81)
Obese (�25.0 kg/m2) 666 (100) 102 (16.21) 541 (80.38) 23 (3.40) 416 (100) 69 (17.49) 326 (76.53) 21 (5.99)

Alcohol drinking
None 174 (100) 36 (18.80) 129 (75.79) 9 (5.41) 0.0560 409 (100) 66 (17.42) 317 (74.98) 19 (7.60) 0.0643
Moderate risk 1,027 (100) 119 (11.16) 875 (85,05) 33 (3.80) 1,185 (100) 155 (5.40) 961 (81.24) 87 (5.95)
High risk 508 (100) 69 (15.51) 419 (80.49) 20 (4.00) 118 (100) 19 (15.37) 69 (5.95) 12 (11.55)

Working hour
�40 h 655 (100) 71 (11.08) 550 (83.89) 34 (5.03) 0.1425 1,081 (100) 134 (12.52) 861 (78.81) 86 (8.67) <0.0001
>40 h 1,054 (100) 153 (14.46) 873 (82.15) 28 (3.39) 631 (100) 106 (16.60) 504 (80.10) 21 (3.30)

Shift work
Yes 284 (100) 41 (13.77) 220 (76.68) 23 (9.54) <0.0001 283 (100) 49 (14.81) 204 (73.90) 30 (11.28) 0.0089
No 1,425 (100) 183 (13.05) 1,203 (84.12) 39 (2.82) 1,429 (100) 191 (13.84) 1,161 (80.35) 77 (5.81)

Numbers in bold indicate statistical significance.
* Unweighted sample.
y Weighted sample.
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In contrast to OPA, LTPA had no associations with shorter and
longer sleep duration. Despite the lack of statistical significance,
LTPA showed a possible U-shaped relationship with sleep dura-
tion in male workers and lower OR of long sleep duration in fe-
male workers. Some randomized controlled trials and open trials
suggest PA has some positive effects on sleep duration in general
population or population of patients [6]. As this relationship was
not statistically significant inworking population according to our
findings, further study is needed to clarify the relationship be-
tween LTPA and sleep duration in working population. Also, the
future interventions to improve sleep by means of exercise should
focus on the subgroup of workers and individuals’ working
environments.

Previous studies showed positive associations between exer-
cise levels and sleep duration [21,22]. However, our findings
suggest the PA had different associations on sleep according to its
domain. Although the underlying mechanisms for this discrep-
ancy remain unclear, there are possible explanations. Work re-
quires being physically active for long periods per day and several
consecutive days, with insufficient resting periods. Long periods
of PA can cause stress and fatigue [23]. Stress from OPA could
induce physiological responses that activate the hypothalamo-
pituitary-adrenal axis, central catecholamine systems, and
sympatho-adrenomedullary systems, which cause disturbances
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in sleep architecture and circadian rhythms [24]. Also, fatigue
from OPA can cause deviations from the optimal sleep duration
[25]. In contrast, LTPA could alleviate stress and physical fatigue
according to previous literatures [26,27].

Another possible explanation is the differences between OPA
and LTPA on the effects of cardiovascular system. Considering that
work demands to be physically active for long periods without
adequate resting times, OPA may cause prolonged elevation of
blood pressure and heart rate because of muscle contractions
during heavy lifting or static postures in manual work. LTPA also
involve heavy lifting but normally in shorter time and under well-
controlled conditions [28]. Prolonged elevation of heart rate and
blood pressure is a risk factor for poor sleep and mortality [29e31].
Taking these differences into account, the domains of PA should be
considered when exploring the complex relationship between PA
and sleep in further investigations.

Sex-based differences in the association between work-related
PA and sleep duration can be explained by sex differences in
physiologic responses to OPA and psychosocial stress. Women have
reported higher job burnout and higher scores on exhaustion [32].
Women also more often report health problems related to stress
than men [33]. Sex hormones are associated with sex-based dif-
ferences in stress responses. For example, serotonin and allopreg-
nanolone are neurotransmitters that promote adaptive responses
to stress. Estrogen and progesterone regulate serotonin and allo-
pregnanolone levels. Estrogen and progesterone levels decrease
during menstruation and after menopause; in turn, serotonin and
allopregnanolone synthesis decreases, which weakens stress
regulation [34].

This study has several strengths. First, the study was based on a
well-established and nationally representative survey, which pro-
vides statistical power. To our knowledge, there has not been a
study that examined this association in the working population
based on a large-scale, nationally representative survey. Second, we
included socially homogenous group of workers and addressed
work-related factors, which was beneficial considering that the
association between sleep duration and PA can differ according to
work environments.

There are some limitations to consider in the present study.
First, this is a cross-sectional study which is not optimal for
investigating causal relationships. A longitudinal study is necessary
to examine specific causal relationships. Second, data on PA, sleep
duration, and other variables in our study were collected based on
self-report questionnaires. Objective measures in PA and sleep are
needed in the future study. Third, information on sleep-wake phase
and sleep quality was not gathered in KNHANES. Fourth, in addition
to OPA and LTPA, PA from household chores may also affect sleep
duration. In general, women engage in household choresmore than
men do in Korea [35]. Future studies are needed to consider the
nature and extent of PAs caused by household chores to investigate
the relationship between all kinds of PAs and sleep, especially
considering gender-specific differences.

In conclusion, different kinds of PAs showed different associa-
tions with sleep duration in this study. Considering that the longer
sleep duration is a potential risk factor for sleep problems, overall
health, safety, and productivity at work, the casual effects of OPA on
sleep needs to be assessed in near future, and the awareness on the
possible risk of OPA should be raised for workers’ health at the
perspective of public health.
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