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Associated With a Less Physically
Active Lifestyle? A Cross-Sectional
Study Among 7,700 Adults From the
General Working Population

Runi Blafoss ™, Emil Sundstrup’, Markus Due Jakobsen', Hans Bay’,
Anne Helene Garde "? and Lars Louis Andersen '

' National Research Centre for the Working Environment, Copenhagen, Denmark, 2 Department of Public Health, University of
Copenhagen, Copenhagen, Denmark, ° Sport Sciences, Department of Health Science and Technology, Aalborg University,
Aalborg, Denmark

Background: Sleep problems are common in the general population and negatively
affect both private and work life. A vicious circle may exist between poor sleep and an
unhealthy lifestyle. For example, poor sleep may drain the energy to do health-promoting
physical activity during leisure-time after work. The aim of the present study was to
investigate the association between sleep problems and the duration of low- and
high-intensity leisure-time physical activity in sedentary and physical workers.

Methods: This cross-sectional study employ data from the Danish Work Environment
Cohort Study in 2010, where currently employed wage-earners in Denmark on
daytime schedule (N = 7,706) replied to questions about sleep quality (cf. the
Bergen Insomnia Scale) and participation in low- and high-intensity leisure-time
physical activity. Associations were modeled using general linear models controlling for
various confounders.

Results: Workers with high levels of sleep problems reported less high-intensity
leisure-time physical activity. Specifically, the weekly duration of high-intensity leisure-time
physical activity was 139 (95%CI 111-168), 129 (95%Cl 101-158), and 122
(95%CI 92-151) min in sedentary workers with sleep problems <1, 1-3, and >3
days per week, respectively. The same pattern was observed among physical
workers. In sedentary workers >50 years, the fully adjusted model showed a weekly
duration in high-intensity physical activity during leisure of 122 (95%CI 83-161), 102
(95%CI 64-141), and 90 (95%CI 51-130) among those with sleep problems <1, 1-3,
and >3 days per week, respectively.

Conclusions: Workers, particularly sedentary older workers, having sleep problems
report less high-intensity leisure-time physical activity. These data suggest that a vicious
circle may indeed exist between poor sleep and reduced leisure-time physical activity.

Keywords: sleep initiation and maintenance disorders, sleep wake disorders, exercise, leisure activities,
occupational health, epidemiology
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INTRODUCTION

Sleep problems e.g., difficulties falling asleep, awakening during
the night, difficulties awakening and tiredness during the
day, are common health complaints among the general adult
population with studies reporting a prevalence between 10
and 40% depending on methodologies and definitions of sleep
problems (1). Sleep problems are associated with increased risk
of cardiovascular diseases (2), obesity and diabetes (3), lost
productivity at work (4), and increased risk of workplace injuries
(5) resulting in individual suffering and high costs for workplaces
(1, 4). Furthermore, sleep problems increase with age (6-9). This
may become a larger problem in the near future considering the
demographic changes and the increasing retirement age in many
Western societies.

Participating in physical activity provides positive effects
on general health and prevention of various diseases, e.g.,
cardiovascular diseases (10). For improving and maintaining
health the American College of Sports Medicine recommends
to perform moderate-intensity aerobic exercise >30min daily
for at least 5 days per week, or vigorous aerobic exercise
>20min daily three times per week (10). A positive dose-
response association exists between amount of physical activity
and health benefits, i.e., the more physically active the better, to a
certain point (10). In fact, individuals unable or unwilling to meet
the recommendations also benefit from being just slightly more
active (10). Moreover, participating in physical activity during
leisure can also slow down age-related physiological declines
in physical capacity (11). Besides providing positive effects on
general health, physical activity also reduces the prevalence of
sleep problems (12-15). Thus, a vicious cycle between sleep
problems and physical activity may exist, i.e., sleep problems may
lead to less physical activity, and less physical activity may worsen
sleep problems.

Proper quality sleep and performing regular physical activity
is vital for maintaining optimal health. Conversely, sleep
problems and poor sleep quality are suggested influencing
physical activity levels (16, 17). However, little is known about
the associations between sleep problems and the duration of low-
and high-intensity leisure-time physical activity, respectively
(12). Bromley et al. reported that restricted sleep resulted
in a decreased duration and intensity of physical activity
(16). The prevalence of sleep problems may vary across work
categories and is typically more pronounced in workers with
physically demanding job tasks (physical workers) compared
with sedentary workers (6, 7). However, even though physically
active workers show higher prevalence of sleep problems,
participating in physical activity during leisure is associated with
lower prevalence of sleep problems in blue-collar workers (18).
Thus, physical activity during leisure-time is associated with
lower prevalence of sleep problems as well as sleep influences the
participation in leisure-time physical activity (12-17).

Based on the above mentioned differences between physical
activity at work or during leisure and the associations with sleep
problems using both technical (accelerometers) and subjective
(questionnaires) methods to examine sleep and physical activity
among workers, we wanted to investigate the association between

sleep problems and participation in low- and high-intensity
physical activity during leisure, both among sedentary and
physically active workers. Moreover, because the prevalence of
sleep problems is higher with increased age (6-9) and physical
capacity declines (11, 19-21), stratified analyses of young and
old workers can provide further insight into age-related issues.
These analyses are also relevant due to the ongoing demographic
changes with an increasing proportion of older workers in many
Western societies. Thus, the aim of this cross-sectional study was
to investigate the associations between sleep problems (assessed
by the Bergen Insomnia Scale) and the duration of low- and high-
intensity leisure-time physical activity in young and old as well as
sedentary and physical workers. Because sleep problems are more
pronounced among physical workers (6, 7), we hypothesized
that sleep problems were negatively associated with the duration
of both low- and high-intensity physical activity, especially in
physical workers.

MATERIALS AND METHODS
Study Design

This cross-sectional study used data from the 2010 round
of the Danish Work Environment Cohort Study (DWECS)
(22). DWECS contains questionnaires regarding the work
environment and health in the general working population of
Denmark. The questions used for the present study are specified
below. The reporting obeys to the guideline of “Strengthening
the Reporting of Observational Studies in Epidemiology”
(STROBE) (23).

Ethics

The present study has been reported to and registered by
Datatilsynet (the Danish Data Protection Agency; journal
number 2015-57-0074). According to the Danish law, neither
approval by ethical and scientific committees, nor informed
consent, is needed in questionnaires and register-based
studies (24). All the collected data were de-identified and
analyzed pseudo-anonymously.

Participants

The questionnaire was sent to a random sample of 20,000
adult Danish workers aged >18 years drawn from the Central
Population Register of Denmark (25). A total of 10,605 (~53%)
replied (26). The present study included currently employed
wage earners on daytime schedule (N = 7,706) and thereby
excluded shift workers (27), because shift workers experience
higher frequencies of sleep problems (28) and the level of leisure-
time physical activity may be influenced by levels of light (29, 30).
Because not all participants filled in all questions, the exact
number of participants for each analysis varies. Demographics
and lifestyle characteristics are reported in Table 1.

Explanatory Variables

Sleep Problems

The prevalence of sleep problems was assessed by the Bergen
Insomnia Scale that consists of six questions about sleep
problems during the past month and has been validated against
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subjective and polysomnographic data (31). The main question
was “In the past month, how many days on average per week...”
with the following response options: (1) “have you spent more
than 30 min on falling asleep after turning off the lights,” (2) “have
you been awake in a period of more than 30 min throughout the
night,” (3) “are you awake more than 30 min earlier than you
planned and cannot fall back to sleep,” (4) “have you not felt
fully rested after a night sleep,” (5) have you been so tired and
sleepy that it affected your work and personal life,” and (6) “have
you been dissatisfied with your sleep.” For each of the six sub-
questions, the participants responded on a scale of 0-7 days (d)
per week. A mean score for the number of days was calculated
for the six questions to get an overall score of sleep problems (0-
7 d per week). The level of sleep problems was for subsequent
analyses divided into “<1 d per week”, “1-3 d per week,” and “>3
d per week.”

Physical Activity at Work

Participants were classified as either sedentary workers or
physical workers based on their replies to the following question
regarding their work: “How would you generally describe your
physical activity in your main job?,” with the following response
categories (1) “Mostly sedentary work that does not require
physical exertion,” (2) “Mostly standing or walking work that
otherwise is not physically demanding,” (3) “Standing or walking
work with some lifting- and bearing tasks,” or (4) “Heavy or fast
work, which is physically demanding” (32). Participants using
response category 1 were allocated as sedentary workers, while
physical workers were those using response category 2, 3, or 4.

Outcome Variable
Leisure-Time Physical Activity
The duration of leisure-time physical activity among the workers
was determined by answering the question “How much time
did you on average spend on each of the following leisure-
time activities during the past year” using the following sub-
questions: (1) “Walking, cycling or other low-intense activity,
where you do not get out of breath or sweaty (e.g., Sunday walks,
light gardening)?,” (2) “Exercise sports, heavy gardening or fast
walk/cycling, where you get sweaty and out of breath?” and (3)
“Vigorous exercise or competitive sports?” (26).

The response categories for each sub-question were:

(1) “>4h per week,” (2) “2-4 h per week,” (3) “<2 h per week,”
or (4) “Do not perform this activity.” For subsequent analyses,
the first, second, third and fourth answers were re-coded to
be 5, 3, 1, or 0 h weekly for our analyses of duration of leisure-
time physical activity (26). Low-intensity leisure-time physical
activity was defined as the number of hours spent on the
activities from question 1, while high-intensity leisure-time
physical activity was defined as the number of hours spent on
the activities from question 2 and 3. Afterward, the number of
hours was converted to minutes.

Control Variables

Because sleep quality may be affected by several factors,
we adjusted for various potential confounders (33-37). The
confounders were age (years, continuous), working hours per

TABLE 1 | Demographics and lifestyle characteristics.

Sedentary work Physical work

N Mean(SD) % N Mean(SD) % P-value

Age, years 44.6 (10.5) 441 (11.6) <0.05
Participants 4,030 52.3 3,676 47.7

Gender <0.001
Male 1,784 443 1,792 48.8
Female 2,246 55.7 1,884 51.3

BMI <0.001
Underweight 29 0.7 22 0.6
Normal 2,134 54.3 1,767 49.6
Overweight 1,320 33.6 1,266 35.5
Obese 445 11.3 508 14.3

Smoking <0.001
No, never 2,075 52.5 1,621 45.2
Ex-smoker 1,201 30.4 1,024 28.5
Yes 678 172 943 26.3

BMI, Body mass index.
Significant differences between sedentary work and physical work are provided
with p-values.

week (hours, continuous), body mass index (BMI) (kg/mz,
continuous), psychosocial work factors [emotional demands and
influence at work from the second version of the COPSOQ
questionnaire (38)] (continuous scale, 0-100), mental health
[from the SF-36 questionnaire (39)] (continuous), gender
(“Male,” “Female,” categorical), smoking status (“No, never,” “Ex-
smoker,” or “Yes,” categorical) and chronic disease (“Yes,” “No,”
categorical) assessed by the question “Has a doctor ever informed
you that you have one or more of the following diseases?” with
the response options “Yes” and “No” to the following diseases:
“depression,” “asthma,” “diabetes (all types),” “cardiovascular
disease,” “cancer; and “back disease.” Participants answering
“yes” to one or more diseases were categorized as having

chronic disease.

Statistical Analyses

All statistical analyses in the present study were conducted
using the SAS statistical software for Windows (SAS Institute,
Cary, NC). We estimated the association between sleep problems
(independent variable) and duration of leisure-time physical
activity per week (dependent continuous variable) for sedentary
workers and physical workers, respectively, using the general
linear model’s procedure. In the analyses, we also stratified for
workers <50 years and >50 years in both sedentary and physical
work, i.e., four subgroups. A minimally adjusted model was
performed adjusting for age and gender, while a fully adjusted
model included all the above-mentioned confounders (age,
gender, lifestyle factors, psychosocial work factors, job group, and
chronic disease). All potential confounders were included in the
statistical models as either continuous or categorical variables
as specified in the “Control variables” section. Between-group
differences at baseline were analyzed using Students T-test
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(age) and Chi-Squared test (gender, BMI and smoking). The
significance level was set at an alpha level of <0.05. Unless
otherwise stated, results are reported as least square means and
differences of least square means (95% confidence limits).

RESULTS

The percentage of sedentary and physical workers was 52.3
and 47.7%, respectively (Table 1). The percentage of male and
female sedentary workers was 44.3 and 55.7%, respectively, while
physical worker consisted of 48.8% male workers and 51.3%
female workers.

Results are provided in a minimally and a fully adjusted model
(Tables 2, 3). In the fully adjusted model for sleep problems and
duration of low-intensity leisure-time physical activity (Table 3),
younger sedentary workers with sleep problems 1-3 d per week
performed 11 min less low-intensity physical activity during
leisure (95%CI —20 to —1) compared with workers with sleep
problems <1 d per week. Among physical workers, older workers
with sleep problems >3 d per week performed 24 min less leisure-
time physical activity at low intensity (95%CI —42 to —7).

In the fully adjusted model for sleep problems and high-
intensity leisure-time physical activity, older sedentary workers
with sleep problems 1-3 d per week and >3 d per week
performed 20min (95%CI —35 to —4) and 31 min (95%CI
—53 to —9) less high-intensity physical activity during leisure,
respectively, compared with workers with sleep problems <1
d per week. Younger physical workers with sleep problems 1-
3 d per week performed 17 min less high-intensity leisure-time
physical activity (95%CI —32 to —2) compared with workers with
sleep problems <1 d per week.

The coefficient of determination, R?, between the different
level of sleep problems and duration of leisure-time physical
activity among sedentary and physical workers ranged from 0.051
to 0.145.

DISCUSSION

The main finding in the present study was that sedentary and
physical workers with sleep problems performed less high-
intensity leisure-time physical activity when adjusted for various
potential confounders (age, gender, lifestyle factors, work-related
factors, job group, and chronic disease). Most prominently, older
sedentary workers with sleep problems 1-3 d per week and >3 d
per week performed 20 and 31 min less high-intensity physical
activity during leisure than older sedentary workers with no
sleep problems.

It is important to state that associations between sleep and
physical activity may be bi-directional, i.e., sleep may affect
physical activity and vice versa in a vicious circle. However,
physical exercise elicits beneficial effects on sleep and has been
associated with lower prevalence of sleep problems such as
disturbed sleep, un-refreshing sleep, satisfaction with sleep and
sleep apnea (6, 7, 12-14, 18, 40-42). Opposite, sedentary behavior
has been found to associate with higher prevalence of sleep
problems (e.g., sleep apnea) (8, 42). Maintaining a moderate

physical activity level or increasing leisure-time physical activity
level from low to moderate, low to high or moderate to high
over a 10 year period reduced the prevalence of self-reported
insomnia, i.e., symptoms of disturbed sleep and tiredness during
the day (12). In contrast, restricted sleep, 5.5h per night for 2
weeks, resulted in a decreased amount and intensity of physical
activity measured with accelerometers in healthy patients with
a parental history of type 2 diabetes (16). However, equivocal
evidence exists whether exercise intensity matters for improving
sleep. A study found that young adults (mean age: 21 years)
adhering to the American College of Sports Medicine’s vigorous-
intensity exercise recommendations (>20 min daily three times
per week) had better sleep compared with those meeting or
exceeding the recommendations for moderate physical activity
(43). Furthermore, a prospective study found moderate high-
intensity physical activity and vigorous physical activity to elicit
beneficial effects on sleep in middle-aged individuals (mean age:
46 years) (44). However, the same study found that only moderate
low-intensity physical activity improved sleep in older adults
(mean age: 65 years) (44). These findings suggest that exercise
intensity plays a certain role depending on the individuals
age. Hence, although it is recommended to be physically active
at moderate intensity for >30min five times per week, or at
vigorous intensity >20min three times per week, both low-,
moderate-, and high-intensity physical activity elicit beneficial
effects on health and sleep (10, 43, 44). In the present study,
the results do not clearly report that workers conforming to
the before mentioned guidelines for weekly amount of physical
activity for general health had fewer sleep problems, although
Table 3 provides some indications. However, in the present
study, the two response options to the question about the
duration of physical activity during leisure can be interpreted as
moderate- and high-intensity, respectively. This makes it difficult
to compare our data on the duration of leisure-time physical
activity with the guidelines for weekly amount of physical
activity (10), because high-intensity (i.e., vigorous activity) in
the present study can be a combination of moderate- and high-
intensity. However, compelling evidence exists that a physically
active lifestyle during leisure, and not at work, protects from
experiencing sleep problems (12-15).

A study investigating the prevalence and trends of leisure-
time physical activity in U.S. workers found that sedentary
workers are more physically active during leisure compared
with physical workers (28). Moreover, previous studies have
reported a decline in physical activity with age (8, 11, 19-21).
Our study elaborates on previous findings showing associations
between sleep problems and physical activity level, and that this
association is observed among older workers. However, in our
study, this association was observed in older sedentary workers.
This finding is somewhat surprising, because previous studies
have found sedentary workers to be more physically active during
leisure (28) and less fatigued after work compared with physical
workers (45, 46). Aging is associated with declines in physical
capacity resulting in work tasks potentially being performed
at relatively higher physical work demands in older workers
compared with their younger counterparts (11). However, Cote
and co-workers reported that work may be preservative for
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TABLE 2 | Association of sleep problems with low-intensity physical exercise during leisure (minutes per week) among workers with sedentary and physical work,

respectively.
Sedentary work Physical work
Age-group Sleep problems N % Lsmeans (95% CIl) Diff N % Lsmeans (95% CI) Diff
All* <1 d per week 1,793 455 170 (165 to 174) 1,612 45.2 171 (166 to 176)
1-3 d per week 1,579 40.1 162 (157 to 167) -8 (-15to —1) 1,407 39.4 168 (163 to 174) —-3(—10to 5)
>3 d per week 568 14.4 164 (155t0 172) —-6(—16t0 3) 548 15.4 159 (150 to 168) -12(-23to0 -2)
<50 yrs* 1 d per week 1,133 446 170 (164 to 176) 1,006 45.4 165 (158 t0 172)
1-3 d per week 1,056 41.6 158 (152 to 164) -11(-20to —-3) 897 40.4 163 (156 to 170) -2(-11t08)
>3d per week 351 13.8 156 (145 to 166) —14 (-26 to —2) 315 14.2 166 (154 to 177) 1(=13to 14)
>50 yrs* <1 d per week 660 47 1 170 (163 to 178) 606 449 181 (173 to 190)
1-3 d per week 523 37.4 167 (159 to 176) —3(=14109) 510 37.8 177 (168 to 186) —5(=17107)
>3 d per week 217 15.5 177 (164 to 190) 7 (—9t022) 233 17.3 150 (137 to 163) —31 (—47 to —16)
Al <1 d per week 1,793 455 163 (141 to 184) 1,612 45.2 165 (142 to 189)
1-3 d per week 1,579 40.1 152 (13110 173) —-10 (-18to —3) 1,407 39.4 160 (138 to 183) —-5(-13t0 3)
>3 d per week 568 14.4 156 (134 t0 178) —7(-17t04) 548 15.4 158 (135 to 182) -7 (-19to5)
<50 yrs <1 d per week 1,133 44.6 174 (142 to 206) 1,006 45.4 168 (132 to 204)
1-3 d per week 1,056 41.6 163 (132 to 195) —-11(-20to —1) 897 40.4 168 (133 to 203) 0(=11to 11)
>3 d per week 351 13.8 163 (131 to 196) —10 (=24 to 4) 315 14.2 176 (140 to 212) 8 (=810 24)
>50 yrs' <1d per week 660 471 162 (131 to 193) 606 44.9 156 (123 to 190)
1-3 d per week 523 37.4 151 (120 to 182) —11(-24t02) 510 37.8 147 (114 to 180) —10(—231t0 4)
>3 d per week 217 15.5 159 (127 to 191) -3 (-21to014) 233 17.3 132 (98 to 166) —24 (—42t0 -7)

*controlled for age and gender.

# controlled for age, gender, lifestyle factors (smoking, BMI), work-related factors (physical activity at work, and psychosocial work factors), job group, chronic disease.

Significant differences from reference (<1 d per week) are marked in bold.

physical function (47). Because the physical workers in the
present study still are working, the results may be biased due
to “healthy worker effect.” The physical workers in the present
study may, therefore, preserve more energy for participating in
high-intensity leisure-time physical activity than the sedentary
workers. However, although work may preserve physical capacity
(47), physically demanding work does not seem to provide
positive effects on health and reduce sleep problems; conversely,
physical work seems to increase the prevalence of sleep problems
(7). Moreover, based on the physical decline in physical capacity,
the demographic changes in many Western societies with an
increased proportion of older workers and the definitions of older
workers used by agencies, researchers and organizations (48, 49),
the present study used the age of 50 years and more as the
threshold for being an older worker.

Tables 2, 3 show the importance of controlling for relevant
confounders when examining associations between variables.
As reported in the present study, besides age and gender,
confounders such as lifestyle factors, work-related factors, job
group, and chronic disease affect the study-estimates. However,
because self-reported data on the duration of physical activity,
and especially at low-intensity, is less accurate than e.g., data from
accelerometers (50), the clinical relevance of being 11 min less
physically active at low-intensity may be practically irrelevant.
Particularly in younger workers who need to participate in
moderate high-intensity physical activity to acquire positive
effects on sleep quality (44). Though, when older physical
workers with sleep problems are >20 min less physically active at
low intensity during leisure, it may have negative consequences

for older workers since moderate low-intensity physical activity
has been found to improve sleep in older adults (44). Generally,
people perform less physical activity at high-intensity than at low-
intensity, since low-intensity comprises walks, gardening etc.,
while high-intensity, in the present study, comprises activities
and exercise associated with heavy breathing and sweating.
Based on this, the findings that older sedentary workers with
sleep problems 1-3 d per week and >3 d per week perform
20 and 31 min less high-intensity leisure-time physical activity,
respectively, are of particular interest, since 20 and 31 min equate
one session of moderate to vigorous exercise according to the
American College of Sports Medicine’s recommendations for
general health (10). Interestingly, mostly among older sedentary
workers the sleep problems were associated with lower levels of
high-intensity leisure-time physical activity. Due to the cross-
sectional design of the present study, the data do not provide
any explanations on this finding. However, according to Tsunoda
et al, this may not be an issue, since participation in moderate
low-intensity physical activity elicited positive effects on sleep
quality in older adults (44). These findings may also reflect
reverse causality, i.e., sleep problems cause lower levels of
physical activity.

STRENGTHS AND LIMITATIONS

The present study contains both strengths and limitations. A
strength of the study is the large sample size of 7,706 daytime
workers of the general working population stratified for work
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TABLE 3 | Association of sleep problems with high-intensity physical exercise during leisure (minutes per week) among workers with sedentary and physical work,

respectively.
Sedentary work Physical work
Age-group Sleep problems N % Lsmeans (95% Cl) Diff N % Lsmeans (95% CI) Diff
All* <1 d per week 1,793 455 157 (151 to 163) 1,612 45.2 164 (157 to 171)
1-3 d per week 1,579 40.1 148 (141 to 155) —-9(-181t00) 1,407 39.4 151 (143 to 158) -13 (24 to -3)
>3 d per week 568 14.4 139 (128 to 151) -18 (-31 to -5) 548 15.4 144 (132 -to157) -19 (-34 to -5)
<50 yrs* <1 d per week 1,133 44.6 168 (159 to 176) 1,006 45.4 178 (168 to 188)
1-3 d per week 1,056 41.6 157 (149 to 166) —10 (—22t0 2) 897 40.4 161 (151 t0 171) 17 (-31 to -3)
>3 d per week 351 13.8 151 (136 to 166) —16(-=33to 1) 315 14.2 157 (140 to 174) -21(-41t0-2)
>50 yrs* <1d per week 660 47 1 139 (129 to 148) 606 449 142 (131 t0 152)
1-3 d per week 523 37.4 131 (120 to 141) -8 (—22t0 6) 510 37.8 134 (122 to 145) —-8(-231t07)
>3 d per week 217 15.5 117 (100 to 134) -22 (41 to -2) 233 17.3 122 (105 to 139) —19(=391t0 0)
Al <1 d per week 1,793 455 139 (111 to 168) 1,612 45.2 157 (125 to 189)
1-3 d per week 1,579 40.1 129 (101 to 158) -10 (-20 to 0) 1,407 39.4 142 (11110 173) -15 (-26 to —4)
>3 d per week 568 14.4 122 (92 to 151) -18 (-32 to -3) 548 15.4 140 (108 to 172) -17 (-33 to 1)
<50 yrs <1 d per week 1,133 44.6 155 (111 to 199) 1,006 45.4 180 (130 to 231)
1-3 d per week 1,056 41.6 147 (104 to 191) —8(—211t05) 897 40.4 163 (114 t0 213) 17 (-32t0 -2)
>3 d per week 351 13.8 142 (97 to 187) —13(-33t0 6) 315 14.2 163 (112 to 214) —17 (=40 to 6)
>50 yrs* <1 d per week 660 471 122 (83 to 161) 606 44.9 110 (68 to 153)
1-3 d per week 523 37.4 102 (64 to 141) —20 (-35to 4) 510 37.8 99 (57 to 140) —12(—29t0 5)
>3 d per week 217 15.5 90 (51 to 130) -31 (-53 to -9) 233 17.3 96 (53 to 139) —14 (-371t0 8)

*controlled for age and gender.

# controlled for age, gender, lifestyle factors (smoking, BMI), work-related factors (physical activity at work, and psychosocial work factors), job group, chronic disease.

Significant differences from reference (<1 d per week) are marked in bold.

type (sedentary and physical) and age (<50 and >50 years).
Moreover, the sample size of sedentary and physical workers
was comparable in regard to number of participants. The large
sample size and the comparable size of sedentary and physical
workers provide a better foundation in terms of statistical power
to compare the four subgroups of the study population. A
limitation of the study is the self-reported data on sleep problems
and duration and intensity of physical activity. The accuracy of
the quantity of sleep problems may be difficult to report, and
self-reported levels of leisure-time physical activity have been
reported less accurate than e.g., wearing accelerometers to detect
activity level (50). Especially low-intensity physical activity seems
to be underestimated in self-reports, while high-intensity is more
accurate (50). Additionally, the underestimation of low-intensity
leisure-time physical activity may be a reason for the small
differences in the amount of low- and high-intensity physical
activity during leisure (Tables 2, 3). Another reason is that for
the workers reporting a physical activity level >4h per week,
the hours were re-coded to be 5h for the data analysis and the
reported differences in the present study may, therefore, be quite
conservative. Normally, people perform much more low-intense
activity than high-intense, since low-intense activity comprises
commuting, gardening, walks etc. Therefore, when all hours
above 5 h per week are truncated to 5 h, the mean duration of low-
and high-intensity leisure-time physical activity may become
more equal. Additionally, this method may diminish between-
group differences because the highly physically active workers,
e.g., 10h per week, were grouped with workers being physically

active 4 h per week. This may have resulted in an underestimation
of the duration of both low- and high-intensity leisure-time
physical activity among the workers. However, the categorization
in the present study was conducted with the purpose to divide the
workers into different groups according to their physical activity
level, as has been done in previous studies (26, 32). Furthermore,
as a limitation, the workers were asked to estimate their weekly
duration of leisure-time physical activity during the past year,
whereas sleep problems were related to the past month. The
results could, therefore, be prone to potential bias, in particular,
recall bias. However, as a strength, the sleep questionnaire
used was a validated standardized questionnaire to assess sleep
problems, and the scale is one of few that is validated against
subjective and polysomnographic data (31). Sleep problems can
also be classified into sleep onset problems and sleep maintenance
problems. It could therefore be a strength to investigate the
association between these two type of sleep problems and leisure-
time physical activity. Additional analyses were performed on the
association between sleep onset problems and sleep maintenance
problems with physical activity during leisure (data not shown).
These analyses showed an association between sleep maintenance
problems and less physical activity during leisure. This was most
prominent among older sedentary workers with weekly sleep
maintenance problems performing less high-intensity physical
activity during leisure. No associations were observed between
sleep onset problems and duration of leisure-time physical
activity. Though, these analyses were performed by dividing
the validated Bergen Insomnia Scale. Therefore, the present
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study followed the Bergen Insomnia Scale by investigating sleep
problems as a sum of six questions about sleep problems (31). A
limitation of the present study is that self-reported data may be
influenced by common method bias, where e.g., the respondent’s
mood and socioeconomic status may influence the answers (51).
Another limitation is that causal association cannot be inferred
by the cross-sectional study design, e.g., sleep problems may
lead to less high-intensity physical activity during leisure, but
less high-intensity physical activity during leisure may also lead
to sleep problems, which again may lead to less high-intensity
physical activity. In reality, a vicious cycle between these may
exist. However, cross-sectional studies like ours are relatively
low cost compared with the huge amount of data generated
from a large population. A limitation of the study is that the
present study did not assess the incidence of sleep problems,
but only provided associations between workers experiencing
self-reported sleep problems and duration of physical activity
during leisure. As another limitation, the present study did
not take timing of physical exercise into account due to lack
of data in the dataset. However, conflicting evidence exists
on this topic with studies finding that exercise in the late
evening may re-establish the circadian rhythm resulting in
poorer sleep (52), while other studies have found no negative
effects using technical and objective measures to examine the
effect of late evening physical exercise on sleep quality among
physically fit young adults and non-professional sportsmen (53,
54). A strength of the present study is that we provided a
minimally adjusted model (controlling for age and gender) and
a fully adjusted model (controlling for age, gender, lifestyle
factors, work-related factors, job group, and chronic disease).
Clear differences are observed between the minimally and the
fully adjusted models, which underscores the importance of
controlling for relevant co-variates that can affect the results
(33-37). However, controlling for several co-variates can also
increase the risk of overadjustment, if some of the confounders
function as mediators instead. Another strength of the present
study is, that we only included workers on daytime schedule
to avoid shift workers, which experience higher frequencies of
sleep problems (40). In this cohort study (DWECS 2010), the
majority of shift workers are workers with physically demanding
works (e.g., nurses). Including these workers would, therefore,
increase the risk of biased results in the associations between
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