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Objectives Shift work is a risk factor for chronic diseases, and physical inactivity can have an influence on

this association. We examined whether intra-individual changes in working time characteristics were associated
with changes in physical inactivity and examined the risk factors for physical inactivity among shift workers in
a 17-year longitudinal study cohort.

Methods Study participants were 95 177 employees from the Finnish public sector. Work schedule informa-

tion was based on questionnaire responses and additional register-based working time characteristics for 26 042
employees. The associations between working time characteristics and physical inactivity were examined using
a fixed-effects logistic model. To investigate the risk factors for physical inactivity among shift workers, the odds
ratios (OR) of worktime control and having small children were calculated.

Results Compared with day work, shift work without night shifts was associated with physical inactivity among

men [OR 1.38, 95% confidence interval (CI) 1.09–1.74], whereas shift work with night shifts was negatively
associated with physical inactivity among women (OR 0.85, 95% CI 0.76–0.96). Register-based working time
data confirmed that workers with a higher percentage of night shifts had a lower risk of physical inactivity. Having small children was associated with physical inactivity among shift workers (OR 1.47, 95% CI 1.32–1.65).

Conclusions Both survey and objective working hour data revealed that workers having work schedules with
night shifts were more likely to be physically active. Having small children was a risk factor for physical inactivity among shift workers.

Key terms Finland; fixed effect; fixed-effects modeling; leisure-time physical activity; longitudinal study; physical activity; shift worker; work schedule; working time.

Shift work is associated with sleep disturbances, stroke,
breast cancer, and several chronic diseases such as cardiovascular diseases and metabolic diseases (1). Lack
of physical activity has been shown to be a direct risk
factor for cardiovascular and metabolic diseases (2);
therefore, physical activity is recommended for shift
workers. Because shift work is often necessary in the
modern workplace, strategies aiming to attenuate its
adverse health effects have been tested (3). Systematic
reviews have determined that physical activity-based
interventions improved the body composition and sleep
of shift workers (4, 5). It has also been suggested that

shift workers engage in less physical activity compared
with day workers because they have difficulty participating in group-based physical activities or activities in
the early evening (6). However, evidence regarding the
association between shift work and physical inactivity
is inconsistent.
Several cross-sectional studies have reported an
association between shift work and less engagement in
leisure-time physical activity (7–9), whereas others have
found either no (10–13) or a negative (14–16) association. Longitudinal studies are scarce; no association
between 1-year changes in work schedule and changes

1 Department of Psychiatry, China Medical University Hospital, Taichung, Taiwan.
2 Department of Public Health, China Medical University, Taichung, Taiwan.
3 Finnish Institute of Occupational Health, Helsinki, Finland.

Correspondence to: Wan-Ju Cheng, MD, PhD, Department of Psychiatry, China Medical University Hospital, 2 Yude Road, Taichung, 40447,
Taiwan. [E-mail: s871065@gmail.com]
Scand J Work Environ Health 2020, vol 46, no 3

293

Shift work and physical inactivity

in physical activity was discerned in one (17). Another
longitudinal study determined that a long history of
night work was associated with more vigorous physical
activity among female workers (18). The same study
also determined that “never” and “ever” night workers
differed significantly in socioeconomic status and health
behaviors. Therefore, in cross-sectional studies, the difference observed in the physical activity between day
and night workers was likely to have been confounded
by participants’ personal characteristics. Lately, several
studies utilizing objective measurement of physical
activity documented no association between shift work
and total leisure-time physical activity (19–22).
Variations in measurement methods and definitions
of work schedule have led to contrasting results between
studies as well. Workers with rotating or fixed shifts,
as well as those with shift work with or without night
shifts, are usually categorized in the “shift work group”
even though they may exhibit different levels of physical activity. For example, physical activity was found to
be positively associated with irregularly rotating shifts,
but negatively associated with fixed night work (21).
Objective quantification of working time characteristics
has rarely been used, with the exception of one study of
police officers that revealed increased vigorous physical
activity in shift workers (16). Apart from shift work,
highly physical manual work may prevent individuals
from desiring to engage in physical activity after work
(9, 10) and workers of lower socioeconomic status may
not have the physical resources to engage in strenuous
physical activity after working hours (23). Furthermore,
participants in previous studies were recruited from
different genders and occupational groups in which the
associations between shift work and physical activity
differ. In Finnish cohorts, women have generally exhibited less physical activity (23–25), but gender interaction in the association between shift work and physical
activity has not been examined.
To increase physical activity among shift workers,
barriers related to work and family conditions should
be taken into account. Working time control refers to
autonomy with regard to work time (26) and has been
found to be lower among shift workers compared to
dayworkers (27–29). Furthermore, having small children
was associated with physical inactivity in one study (11)
but not in another study that adjusted for marital status
(10). Nevertheless, none of these risk factors for physical
inactivity have been examined in longitudinal studies.
In summary, previous studies on the associations
between shift work and physical activity have tended to
lack detailed information concerning characteristics of
working hours and have been based on limited sample
sizes and a cross-sectional design, which is vulnerable
to selection bias and reverse causal relationships. To
address these limitations, we used a large longitudinal
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cohort from the Finnish Public Sector (FPS) Study
to examine the associations between intra-individual
changes in shift schedule and changes in physical activity. We further linked the survey data with objective
registry data of daily working hours to examine the
associations between the more specific working hour
characteristics and physical inactivity. To identify risk
factors for physical inactivity among shift workers, we
examined the associations between changes in physical
activity and changes in family and work conditions with
fixed-effects models.

Methods
Study participants
Data from two cohorts of the FPS Study were used. In
the first cohort, information on exposure to shift work
was based on 2000–2017 survey information (referred
as the “survey cohort”). In the other cohort, information
regarding exposure to shift work was based on 2007–
2017 registry data (referred as the “register cohort”;
figure 1). The FPS Study comprises two parts (i): the
10-Town Study, a study of local government employees
in 11 towns, and (ii) the Work and Health in Finnish
Hospital Personnel Study, a study conducted within
21 hospitals. We used six waves of survey information
from the FPS Study: 2000, 2004, 2008, 2012, 2014,
and 2016 from the 10-Town Study and 2000, 2004,
2008, 2012, 2015, and 2017 from the Work and Health
in Finnish Hospital Personnel Study. Therefore, we
obtained information regarding physical activity for six
consecutive time points, and this information was linked
to information on exposure to shift work attained from
the same survey (the survey cohort) or to registry data
of working hour characteristics of the preceding year
(for the last four time points only; the register cohort).
The response rates of the six waves of the survey were
67–72%. The Ethics Committee of the Hospital District
of Helsinki and Uusimaa (HUS) approved the FPS Study
(HUS 1210/2016).
A total of 149 303 participants participated in at least
one of the survey waves. To examine changes in physical activity over time, only those who had participated
in at least two surveys (N=96 651) were included in the
survey cohort. The largest occupational groups in the
survey cohort were practical nurses (20%), registered
nurses (15%), primary school and preschool teachers
(8%), and secondary school teachers (6%).
The registry data of working hours of the register
cohort were obtained from Titania® shift-scheduling
software, which was used by the hospital workers of the
FPS Study cohort (including the whole shift-working
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Survey cohort

Excluded irregular shift

2000–2017, six waves of
survey
N = 149 303

Register cohort

2007–2017 register working
hour data accessible
N=84 461

Participated in at least two
waves of survey
N = 96 651

At least two points of registry
data 365 days prior to each
survey
N = 27 125

schedule N = 1111

Excluded missing physical
activity N = 363

Figure 1. Selection of study participants from the Finnish Public
Sector Study for the survey and
register cohorts.

Excluded physicians N = 869
Sample
N = 95 177

Excluded missing physical
activity N = 214

population and the majority of the day-working population of all the studied hospitals) during the period of
2007–2017. We included only workers who had at least
150 shifts and 300 contract days during the preceding 365 days and those having participated in at least
two surveys. Finally, 869 physicians were excluded
because their on-call data were not available, whereas
nonphysician workers did not have on-call work, and all
their working hours were recorded in the registry data.
Another 214 employees were excluded due to missing
physical activity data, leaving a total of 26 042 participants in the register cohort (figure 1). The main occupational groups in the register cohort were registered
nurses (35%) and practical nurses (33%).
Assessment of shift work and working time
Participants in the survey cohort were classified as day
workers, shift workers without night shifts, shift workers
with night shifts, and fixed night workers on the basis of
the survey data. In the 10-Town Study, participants in the
2000 and 2004 waves were asked “Is your work regular
day work?”. If the answer was negative, they were then
asked to indicate if their work included evening, night,
or weekend shifts. Participants were classified as (i) day
workers if they answered “yes” to the initial question,
(ii) shift workers without night shifts if they answered
“no” to the initial question and then indicated that their
work included evening shifts but not night shifts, or (iii)
shift workers with night shifts if they indicated having
both evening and night shifts. Participants selecting any
other combination of responses were excluded from the
analyses. In the 2008 and later waves of the 10-Town
Study and all waves of the Work and Health in Finnish
Hospital Personnel Study, participants were classified
according to whether they described their current work
as either day work, shift work without night shifts,
shift work with night shifts, fixed night work, or other
irregular work. Participants who had another irregular
work schedule were excluded. Finally, participants with
invalid or missing values on shift schedule (N=1111) and

Sample
N = 26 042

physical activity (N=363) were excluded from the survey cohort, leaving a total of 95 177 participants in the
survey cohort (figure 1). The questionnaire items used
have been validated against the registry data of working
hours (registry data) (30).
The registry data of daily working hours of the register cohort for 365 days prior to each survey were used.
On the basis of the daily start and end times of the shifts,
several working hour characteristics were calculated on
the basis of the main dimensions of the working hours
(length, timing, recovery, and social aspects), as in previous studies (30–32). The variables used in this study
were average weekly working hours, the percentage
of evening shifts and night shifts, percentage of quick
returns (<11-hour shift interval) of all shift intervals,
percentage of single free days of all the free days,
percentage of >48-hour weeks, and percentage of long
shifts (≥12 hours) (31). We selected these working hour
characteristics on the basis of the hypothesis that length
of working hours, timing of work shifts, and time for
recovery could influence the possibility of or access to
leisure time physical activity. According to the distribution of working hour variables (supplementary table S1,
www.sjweh.fi/show_abstract.php?abstract_id=3868)
and the literature (33), the working hour variables were
dichotomized using a cutoff of >10% for >48-hour
weeks, long shifts, and night shifts, and >25% for the
other variables.
Assessment of physical inactivity
In all six survey data waves, participants were asked
how many hours of physical activity they had per week
on average during leisure time or commuting within
the past year. The options were: 0, <30 minutes, 0.5–1,
2–3, and ≥4 hours. They indicated hours for each of
the four physical activities or activities with similar
intensity: walking, brisk walking, jogging, and running.
The participants were categorized as being physically
inactive if they reported brisk walking, jogging, or running for <30 minutes per week (34–36), otherwise, they
Scand J Work Environ Health 2020, vol 46, no 3
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were categorized as being physically active. Those who
reported only walking were categorized as physically
inactive as well (34–36). We also analyzed whether the
participants were lacking in vigorous physical activity,
defined as having <30 minutes of jogging, running, or
physical activities with similar intensity each week.
Other variables
Age, gender, occupation, having small children (<6
years old), worktime control, and weekly working hours
were self-reported in the survey questionnaire. The
worktime control was measured using seven questions
(i): control over length of day, (ii) control over the
beginning and end of a workday, (iii) opportunities to
take breaks, (iv) opportunities to deal with private matters during the workday, (v) control over scheduling of
shifts, (vi) control over scheduling of paid days off and
vacations, and (vii) opportunities to take unpaid leave
(37). Responses to each item were given on a 5-point
scale ranging from very little (score 1) to very much
(score 5). The mean of overall worktime control, control
over daily hours (items i and ii), and control over time
off (items iii–vii) were divided into tertiles as high,
intermediate, and low worktime control (28).
Participants were categorized as blue- or white-collar
workers according to self-reported occupations, using
the first digit of their occupational code in the Finnish
National Classification of Occupations 2001 (38). Legislators, managers, professionals, technicians, clerks, and
service and sales workers were categorized as whitecollar workers. Agricultural and fishery workers, craft
workers, machine operators and assemblers, and elementary occupations were categorized as blue-collar workers.
Due to changes in the questionnaire over the six
survey waves, data regarding having small children were
absent in the 2014 survey, and 24%–45% of responses
were missing in the other surveys. Self-reported working hours were available only in the 2000–2015 Work
and Health in Finnish Hospital Personnel Study, and
worktime control was not surveyed in the 2000–2008
Work and Health in Finnish Hospital Personnel Study.
A dummy category was created for missing values in
logistic models to avoid sample exclusion by the statistical software. In the statistical analysis of the register
cohort, weekly working hours were retrieved from the
registry data.
Statistical analysis
The distribution of baseline age, gender, physical inactivity, working hours, work time control, and having
small children was examined separately in the survey
and register cohorts. The difference between baseline
characteristics according to work schedule was exam-
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ined using chi-square tests and analysis of variance.
Post hoc pairwise comparisons using Tukey’s procedure
for continuous variables and Bonferroni correction for
categorical variables were performed.
The fixed-effects logistic model was used to examine the longitudinal dataset for associations between
changes in work schedule and changes in physical
inactivity during the survey period. Participants who
exhibited changes in the outcome (physical inactivity)
in at least two waves of the survey were considered
informative and were included in the analysis. The longitudinal fixed effects model is advantageous because
time-independent known and unknown confounders
are eliminated when the intra-individual changes over
time are examined (39). Therefore, the study participants served as their own controls. The survey cohort
was stratified by gender and occupations to examine
associations between different genders and occupational
groups (blue-collar and white-collar). To control the
time-variant confounders, we added weekly working
hours, having small children, and worktime control to
the adjusted models. To examine risk factors for physical inactivity among shift workers in the survey cohort
(shift work with and without night shifts and fixed night
workers, N=29 019), we examined associations between
changes in physical inactivity and changes in having
small children, worktime control, and working hours
with fixed effects models. SAS 9.4 (SAS Institute, Cary,
NC, USA) was used for the analyses. The significance
level was set at P<0.05.

Results
According to the first survey available for each participant
in the survey cohort, 77 250 (81.2%) employees were
women and 15 488 (16.3%) were physically inactive.
Shift workers with night shifts were younger than workers in the other groups (table 1). Shift workers without
night shifts reported the highest percentage of physical
inactivity (19.1%) of the four work schedule groups.
The post hoc analysis revealed that physical inactivity,
having small children, working hours, and worktime
control scores differed significantly between workers
with day work, shift work without night shifts, and shift
work with night shifts. A higher percentage of workers
with shift work without night shifts lacked vigorous
physical activity than workers with other shift schedules.
According to the crude longitudinal fixed effects logistic
model, compared with day work (table 2), shift work
with night shifts was negatively associated with physical
inactivity [odds ratio (OR) 0.88, 95% confidence interval
(CI) 0.79–0.98). In the adjusted model, the association
remained significant (OR 0.89, 95% CI 0.80–0.99). After
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Table 1. Baseline demographics and physical inactivity in the survey and register cohorts. [SD=standard deviation.]
Survey cohort (N=95 177) a
Regular day work
(N=66 158)
N
% Mean SD

Shift work without
night shifts (N=13 498)
N
% Mean SD

Shift work with
night shifts (N=14 676)
N
% Mean SD

Fixed night work
(N=845)
N
% Mean SD

Register
cohort
(N=26 042)

N
%
Mean SD
Age (years)
≤39
22 492 34.0
4580 33.9
7399 50.4
330 39.1
8175 31.4
40–49
22 792 34.5
4442 32.9
4517 30.8
294 34.8
7923 30.4
≥50
20 874 31.6
4476 33.2
2760 18.8
221 26.2
9944 38.2
Gender (women)
52 951 80.0
11 665 86.4
11 930 81.3
704 83.3
24 165 92.8
Physical inactivity 10 731 16.2
2573 19.1
2049 14.0
135 16.0
4456 17.1
Lack of vigorous
34 347 55.2
8183 64.8
7613 54.9
430 55.6
14 961 60.6
physical activity
Having small
11 441 17.3
2176 16.1
3209 21.9
145 17.2
3204 12.3
children
Weekly working
39.77 7.7
39.98 7.4
38.31 6.9
41.70 9.7
34.26 3.8
hours b
Worktime control
2.78 0.9
2.71 0.8
2.58 0.7
2.75 0.7
2.80 0.7
scores
a
In the survey cohort, all the listed variables are significantly different between the four shift schedules (P<0.001, chi-squared tests and analysis of variance).
b Weekly working hours were self-reported in the survey cohort and were retrieved from register working time data in the register cohort.

Table 2. Odds ratios (OR) and confidence intervals (CI) for the association of work schedule with physical inactivity in the survey cohort based on
longitudinal fixed effects model, stratified by gender and occupation.
All (N=22 122) a
Crude model
OR (95% CI)
Work schedule
Day work
Shift work without night
shifts
Shift work with night shifts
Fixed night work

Adjusted model b
OR (95% CI)

Men (N=4135)
Crude model
OR (95% CI)

Women (N=17 987) White-collar (N=19 047) Blue-collar (N=2589)
Adjusted model b
OR (95% CI)

Crude model
OR (95% CI)

Adjusted model b
OR (95% CI)

1
0.97 (0.90–1.05)

1
0.97 (0.89–1.05)

1
1.38 (1.09–1.74) c

1
0.92 (0.84–1.00)

1
0.97 (0.88– 1.06)

1
1.00 (0.81–1.23)

0.88 (0.79–0.98) c
1.07 (0.86–1.34)

0.89 (0.81–0.99) c
1.11 (0.89–1.39)

1.13 (0.87–1.47)
1.33 (0.76–2.34)

0.85 (0.76–0.96) c
1.08 (0.84–1.38)

0.86 (0.77– 0.97) c
1.09 (0.86–1.39)

1.26 (0.88–1.80)
1.36 (0.63–2.93)

The number of participants who had changes in physical inactivity between any two waves of survey during 17-year follow-up.
Adjusted for working hours, having small children, and worktime control.
c P<0.05.
a

b

stratification by gender and occupation, the association
was significant only among women (OR 0.85, 95% CI
0.76–0.96) and white-collar workers (OR 0.86, 95% CI
0.77–0.97). Among men, a positive association between
shift work without night shifts and physical inactivity was
observed (OR 1.38, 95% CI 1.09–1.74). Compared with
day work, shift work with or without night shifts and fixed
night work were not significantly associated with lack of
vigorous physical activity.
In the register cohort, 24 165 (92.8%) employees
were women and 4456 (17.1%) were physically inactive. Based on the adjusted model, a high percentage
of night shifts was negatively associated with physical
inactivity (OR 0.84, 95% CI 0.72–0.98) (table 3). The
association was no longer significant when the study
participants were restricted to shift workers (OR 0.87,
95% CI 0.73–1.03). Other objective working time characteristics were not associated with physical inactivity,
and no working time characteristic was associated with
lack of vigorous activity either.
Table 4 displays the OR of intra-individual changes
in worktime control, working hours, and having small

children for physical inactivity among shift workers.
For worktime control variable components, control over
time off was included in the models because it is more
relevant for shift workers than control over daily hours.
In the adjusted model, having small children remained
significantly associated with physical inactivity in shift
work (OR 1.47, 95% CI 1.32–1.65).

Discussion
Based on analysis of this extensive body of prospective
data, this study determined that shift work with night
shifts was associated with more physical activity, but
the association is restricted to women and white-collar
workers. Changes in objective working time characteristics were not associated with changes in physical inactivity among shift workers. Having small children was
associated with physical inactivity among shift workers.
The finding that shift work with night shifts was
associated with more leisure-time physical activity,
Scand J Work Environ Health 2020, vol 46, no 3
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Table 3. Odds ratios (OR) and confidence intervals (CI) for the association of register-based shift characteristics with physical inactivity in the
register cohort based on a longitudinal fixed-effects model, adjusted for the time-varying confounders (working hours, having small children, and
worktime control).
Working time
characteristics

Cut point
(%) a

All (N=26 042)
N
OR
95% CI
>48 hour work weeks of all work weeks
10
5237
1.03
0.88–1.22
Quick returns of all shift intervals
25
5237
0.91
0.78–1.04
Single days off of all day off-periods
25
4782
0.99
0.87–1.13
Evening shifts of all shifts
25
5237
1.07
0.94–1.23
Night shifts of all shifts
10
5237
0.84
0.72–0.98 b
Long shifts of all shifts
10
5237
0.93
0.17–1.22
a Working time characteristics (in percentage) were dichotomized by cutoff points into high and low levels.
b
P<0.05.

Table 4. Time-variant risk factors for physical inactivity in shift workers
(with or without night shifts and fixed night shifts, N=29 019), selected
from the survey cohort.
Shift workers (N=5558) a
Crude model b

Adjusted model c

Survey waves
1st
1
1
2nd
1.11 (1.00–1.23) d 1.14 (1.03–1.27) d
3rd
1.37 (1.23–1.54) 1.45 (1.30–1,63)
4th
1.90 (1.69–2.14) d 2.03 (1.80–2.29) d
th
5
1.84 (1.63–2.07) d 2.03 (1.75–2.36) d
6th
1.63 (1.43–1.85) d 1.70 (1.47–1.96) d
Control over time-off
High
1
1
Intermediate
0.95 (0.85–1.06) 0.95 (0.85–1.06)
Low
0.96 (0.84–1.10) 0.96 (0.84–1.10)
Weekly working hours >40
0.99 (0.98–1.00) 1.07 (0.87–1.33)
(Reference: ≤40)
Having small children
1.46 (1.31–1.63) d 1.47 (1.32–1.65) d
(Reference: 0)
a Number of participants with changes in physical inactivity between any two
waves of the survey during the 17-year follow-up.
b
Adjusted for survey wave.
c Adjusted for survey wave and all other listed variables.
d P<0.05.

especially light intensity activities, was consistent with
a large-scale Dutch survey study (15) and two smaller
studies (14, 16). Findings from our objective registry
data that night shifts were associated with more physical
activity in the whole register cohort but not among shift
workers implies that working night shifts, generally,
rather than working a high percentage of night shifts
affects physical activity. A study by Loef et al (15) suggested that shift workers slept fewer hours and therefore
had more time for light physical activity. However, a
recent study using the same FPS Study cohort discovered that shift work with night shifts was associated with
longer sleep duration (40). We suggest that engaging in
shift work with night shifts allows workers to utilize free
daytime hours and free weekdays, and their attendant
superior daylight hours, to engage in physical activities.
The association between shift work with night shifts
and physical activity was significant only among women
and white-collar workers. In general, men have longer
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N
2961
2961
2876
2961
2961
2961

Shift workers (N=15 849)
OR
95% CI
1.06
0.89–1.26
0.93
0.80–1.08
0.92
0.80–1.06
1.10
0.94–1.28
0.87
0.73–1.03
0.88
0.65–1.17

working hours, more non-day shifts, and less recovery
time than women, and this was observed also in Finland
(41). It is thus possible that men have a higher need for
recovery from shift work than women (42, 43). On the
other hand, it has been reported that men tend to drive
to work, whereas women walk or cycle more frequently
(44, 45). It is possible that women performed more
light-to-moderate intensity exercise during their commutes. A Japanese study also demonstrated that female
shift workers managed to maintain healthy lifestyles
more effectively compared with male shift workers (46).
Therefore, female shift workers may compensatorily
increase physical activity when they work night shifts.
Our findings also indicated that blue-collar workers
did not display changes in physical activity when they
changed between day and shift work, probably because
they had a consistently low level of leisure-time activity
compared with white-collar workers (9).
In this study, objective variables of shift intensity
were not significantly associated with physical activity,
although they were associated with fatigue and sleep in
another study with the same cohort (32). This finding
indicates that changes in physical activity occur more
slowly than changes in sleep and fatigue; therefore,
longer exposure may be needed to bring about changes
in physical activity. Leisure-time physical activity may
also be more responsive to work schedule changes than
to shift intensity changes, and intra-individual variation
of these shift intensity variables over time were relatively small in our study sample. A cross-industry or
cross-nation comparison with larger variations in shift
intensity might yield significant findings.
Consistent with previous studies, we also observed
lower worktime control among shift workers compared
with day workers (27, 28). Nevertheless, low worktime
control was not associated with physical inactivity
among shift workers, but having small children was.
This finding is consistent with earlier discoveries that
physical activity levels are lower among parents of
small children, especially mothers (47). In addition,
work–family conflict has been reported to be associated
with shift work more often than with regular day work

Cheng et al

(33, 48) and is associated with changing from shift work
to day work (49). To encourage physical activity among
shift workers and also to maintain the workforce, future
studies should examine the barriers to engaging in physical activity among shift workers with young children.
A strength of this study is that it used an extensive
longitudinal dataset that was collected over 17 years to
examine the association between work schedule, working hour characteristics, and physical activity. The long
follow-up period allowed us to investigate individual
changes in health behavior along with changes in working schedules. The use of longitudinal fixed-effects
models enabled us to minimize the selection bias that is
commonly seen in shift work studies. Second, the use
of objective data regarding working hours makes this
study unique because it could analyze precise working
hour information.
Nevertheless, this study has some limitations. First,
physical activity was self-reported, rendering it vulnerable to participant interpretation and recall bias. In one
study, workers were observed to over-report engaging
in vigorous physical activities, especially workers with
fatigue symptoms (50). Furthermore, shift workers
who became ill during the follow-up tended to switch
to day work (51) and became less physically active
compared with the time before the illness. Therefore,
the association between shift work and physical activity may have been overestimated in our study. Second,
the study participants were Finnish workers from a
female-dominated public sector with working conditions, including working hours and work–life balance,
that could be more favorable than the work conditions
in other sectors or countries (52). It is expected that in
an industry or country with long working hours or high
shift intensity, the association between shift work and
physical activity may be different. The interpretation
of the results of this study should thus be restricted to
workplaces with normal working hours and societies
with similar working times (53).
In conclusion, we discovered that changes in work
schedule were slightly associated with changes in physical activity. The association depended on gender and
occupation. Among women and white-collar workers,
the shift work-related health risks are unlikely the result
of decreased physical activity. On the contrary, shift
workers may have elevated awareness of their health
risks and may attempt to compensate for the health risks
by increasing their physical activity. Nevertheless, shift
workers with small children were found to be at higher
risk of physical inactivity. Access to childcare services
when parents work shifts, support for childcare from a
spouse or other family members, and public resources
that make engaging in physical activity easier for those
with children would help promote physical activity
among shift workers.

Acknowledgements
This paper was supported by the Finnish Academy
(grant number: 323882), Ministry of Science and Technology, Taiwan (grant number: 108-2918-I-039-001 and
MOST 107-2314-B-039-063-MY3), and NordForsk, the
Nordic Program on Health and Welfare (grant number:
74809). The funders had no role in: study design; the
collection, analysis, and interpretation of the data; the
writing of the report; or the decision to submit the paper
for publication.
Conflict of interest
The authors declare no conflicts of interest.

Reference
1.

Kecklund G, Axelsson J. Health consequences of shift work
and insufficient sleep. BMJ 2016 Nov;355:i5210. https://doi.
org/10.1136/bmj.i5210.

2.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN,
Katzmarzyk PT; Lancet Physical Activity Series Working
Group. Effect of physical inactivity on major noncommunicable diseases worldwide: an analysis of burden of
disease and life expectancy. Lancet 2012 Jul;380(9838):219–
29. https://doi.org/10.1016/S0140-6736(12)61031-9.

3.

Neil-Sztramko SE, Pahwa M, Demers PA, Gotay CC.
Health-related interventions among night shift workers:
a critical review of the literature. Scand J Work Environ
Health 2014 Nov;40(6):543–56. https://doi.org/10.5271/
sjweh.3445.

4.

Flahr H, Brown WJ, Kolbe-Alexander TL. A systematic
review of physical activity-based interventions in shift
workers. Prev Med Rep 2018 Apr;10:323–31. https://doi.
org/10.1016/j.pmedr.2018.04.004.

5.

Lassen AD, Fagt S, Lennernäs M, Nyberg M, Haapalar I,
Thorsen AV et al. The impact of worksite interventions
promoting healthier food and/or physical activity habits
among employees working ‘around the clock’ hours: a
systematic review. Food Nutr Res 2018 Aug;62. https://doi.
org/10.29219/fnr.v62.1115.

6.

Atkinson G, Davenne D. Relationships between sleep,
physical activity and human health. Physiol Behav
2007 Feb;90(2-3):229–35. https://doi.org/10.1016/j.
physbeh.2006.09.015

7.

Pepłońska B, Burdelak W, Krysicka J, Bukowska A,
Marcinkiewicz A, Sobala W et al. Night shift work and
modifiable lifestyle factors. Int J Occup Med Environ Health
2014 Oct;27(5):693–706. https://doi.org/10.2478/s13382014-0298-0.

Scand J Work Environ Health 2020, vol 46, no 3

299

Shift work and physical inactivity

8.

Bushnell PT, Colombi A, Caruso CC, Tak S. Work schedules
and health behavior outcomes at a large manufacturer.
Ind Health 2010;48(4):395–405. https://doi.org/10.2486/
indhealth.MSSW-03.

9.

Vandelanotte C, Short C, Rockloff M, Di Millia L, Ronan
K, Happell B et al. How do different occupational factors
influence total, occupational, and leisure-time physical
activity? J Phys Act Health 2015 Feb;12(2):200–7. https://
doi.org/10.1123/jpah.2013-0098.

10. Schneider S, Becker S. Prevalence of physical activity
among the working population and correlation with workrelated factors: results from the first German National
Health Survey. J Occup Health 2005 Sep;47(5):414–23.
https://doi.org/10.1539/joh.47.414.
11. Buchvold HV, Pallesen S, Øyane NM, Bjorvatn B.
Associations between night work and BMI, alcohol,
smoking, caffeine and exercise--a cross-sectional study.
BMC Public Health 2015 Nov;15:1112. https://doi.
org/10.1186/s12889-015-2470-2.
12. Clark BK, Kolbe-Alexander TL, Duncan MJ, Brown W.
Sitting Time, Physical Activity and Sleep by Work Type
and Pattern-The Australian Longitudinal Study on Women’s
Health. Int J Environ Res Public Health 2017 Mar;14(3):14.
https://doi.org/10.3390/ijerph14030290.
13. Tada Y, Kawano Y, Maeda I, Yoshizaki T, Sunami A,
Yokoyama Y et al. Association of body mass index with
lifestyle and rotating shift work in Japanese female nurses.
Obesity (Silver Spring) 2014 Dec;22(12):2489–93.
14. Marqueze EC, Ulhôa MA, Castro Moreno CR. Leisure-time
physical activity does not fully explain the higher body mass
index in irregular-shift workers. Int Arch Occup Environ
Health 2014 Apr;87(3):229–39. https://doi.org/10.1007/
s00420-013-0850-4.
15. Loef B, Hulsegge G, Wendel-Vos GC, Verschuren WM,
Vermeulen RC, Bakker MF et al. Non-occupational physical
activity levels of shift workers compared with non-shift
workers. Occup Environ Med 2017 May;74(5):328–35.
https://doi.org/10.1136/oemed-2016-103878.
16. Ma CC, Burchfiel CM, Fekedulegn D, Andrew ME,
Charles LE, Gu JK et al. Association of shift work with
physical activity among police officers: the Buffalo cardiometabolic occupational police stress study. J Occup Environ
Med 2011 Sep;53(9):1030–6. https://doi.org/10.1097/
JOM.0b013e31822589f9.
17. Bekkers MB, Koppes LL, Rodenburg W, van Steeg H,
Proper KI. Relationship of night and shift work with
weight change and lifestyle behaviors. J Occup Environ
Med 2015 Apr;57(4):e37–44. https://doi.org/10.1097/
JOM.0000000000000426.
18. Wang XS, Travis RC, Reeves G, Green J, Allen NE, Key
TJ et al. Characteristics of the Million Women Study
participants who have and have not worked at night. Scand
J Work Environ Health 2012 Nov;38(6):590–9. https://doi.
org/10.5271/sjweh.3313.

300

Scand J Work Environ Health 2020, vol 46, no 3

19. Roskoden FC, Krüger J, Vogt LJ, Gärtner S, Hannich HJ,
Steveling A et al. Physical Activity, Energy Expenditure,
Nutritional Habits, Quality of Sleep and Stress Levels in
Shift-Working Health Care Personnel. PLoS One 2017
Jan;12(1):e0169983. https://doi.org/10.1371/journal.
pone.0169983.
20. Hulsegge G, Gupta N, Holtermann A, Jørgensen MB,
Proper KI, van der Beek AJ. Shift workers have similar
leisure-time physical activity levels as day workers but are
more sedentary at work. Scand J Work Environ Health 2017
Mar;43(2):127–35. https://doi.org/10.5271/sjweh.3614.
21. Loprinzi PD. The effects of shift work on free-living
physical activity and sedentary behavior. Prev Med 2015
Jul;76:43–7. https://doi.org/10.1016/j.ypmed.2015.03.025.
22. Loef B, van der Beek AJ, Holtermann A, Hulsegge G, van
Baarle D, Proper KI. Objectively measured physical activity
of hospital shift workers. Scand J Work Environ Health 2018
May;44(3):265–73. https://doi.org/10.5271/sjweh.3709.
23. Piirtola M, Kaprio J, Kujala UM, Heikkilä K, Koskenvuo
M, Svedberg P et al. Association between education and
future leisure-time physical inactivity: a study of Finnish
twins over a 35-year follow-up. BMC Public Health 2016
Aug;16:720. https://doi.org/10.1186/s12889-016-3410-5.
24. Piirtola M, Kaprio J, Waller K, Heikkilä K, Koskenvuo
M, Svedberg P et al. Leisure-time physical inactivity
and association with body mass index: a Finnish Twin
Study with a 35-year follow-up. Int J Epidemiol 2017
Feb;46(1):116–27. https://doi.org/10.1093/ije/dyw007.
25. Borodulin K, Harald K, Jousilahti P, Laatikainen T,
Männistö S, Vartiainen E. Time trends in physical activity
from 1982 to 2012 in Finland. Scand J Med Sci Sports 2016
Jan;26(1):93–100. https://doi.org/10.1111/sms.12401.
26. Knauth P. Innovative worktime arrangements. Scand J Work
Environ Health 1998;24 Suppl 3:13–7.
27. Albrecht SC, Kecklund G, Tucker P, Leineweber C.
Investigating the factorial structure and availability of work
time control in a representative sample of the Swedish working
population. Scand J Public Health 2016 May;44(3):320–8.
https://doi.org/10.1177/1403494815618854.
28. Ala-Mursula L, Vahtera J, Linna A, Pentti J, Kivimäki
M. Employee worktime control moderates the effects
of job strain and effort-reward imbalance on sickness
absence: the 10-town study. J Epidemiol Community
Health 2005 Oct;59(10):851–7. https://doi.org/10.1136/
jech.2004.030924.
29. Vahtera J, Laine S, Virtanen M, Oksanen T, Koskinen A,
Pentti J et al. Employee control over working times and
risk of cause-specific disability pension: the Finnish Public
Sector Study. Occup Environ Med 2010 Jul;67(7):479–85.
https://doi.org/10.1136/oem.2008.045096
30. Härmä M, Koskinen A, Ropponen A, Puttonen S, Karhula
K, Vahtera J et al. Validity of self-reported exposure to shift
work. Occup Environ Med 2017 Mar;74(3):228–30. https://
doi.org/10.1136/oemed-2016-103902.

Cheng et al

31. Härmä M, Ropponen A, Hakola T, Koskinen A, Vanttola
P, Puttonen S et al. Developing register-based measures
for assessment of working time patterns for epidemiologic
studies. Scand J Work Environ Health 2015 May;41(3):268–
79. https://doi.org/10.5271/sjweh.3492.

43. Jansen N, Kant I, van Amelsvoort L, Nijhuis F, van den
Brandt P. Need for recovery from work: evaluating shortterm effects of working hours, patterns and schedules.
Ergonomics 2003 Jun;46(7):664–80. https://doi.org/10.108
0/0014013031000085662.

32. Härmä M, Karhula K, Ropponen A, Puttonen S, Koskinen A,
Ojajärvi A et al. Association of changes in work shifts and
shift intensity with change in fatigue and disturbed sleep: a
within-subject study. Scand J Work Environ Health 2018
Jul;44(4):394–402. https://doi.org/10.5271/sjweh.3730.

44. Xu CX, Zhu HH, Fang L, Hu RY, Wang H, Liang MB et al.
Gender disparity in the associations of overweight/obesity
with occupational activity, transport to/from work, leisuretime physical activity, and leisure-time spent sitting in
working adults: A cross-sectional study. J Epidemiol 2017
Sep;27(9):401–7. https://doi.org/10.1016/j.je.2016.08.019.

33. Karhula K, Koskinen A, Ojajärvi A, Ropponen A, Puttonen
S, Kivimäki M et al. Are changes in objective working hour
characteristics associated with changes in work-life conflict
among hospital employees working shifts? A 7-year followup. Occup Environ Med 2018 Jun;75(6):407–11. https://doi.
org/10.1136/oemed-2017-104785.
34. Virtanen M, Ervasti J, Head J, Oksanen T, Salo P, Pentti
J et al. Lifestyle factors and risk of sickness absence
from work: a multicohort study. Lancet Public Health
2018 Nov;3(11):e545–54. https://doi.org/10.1016/S24682667(18)30201-9.
35. Ervasti J, Airaksinen J, Pentti J, Vahtera J, Suominen S,
Virtanen M et al. Does increasing physical activity reduce
the excess risk of work disability among overweight
individuals? Scand J Work Environ Health 2019
Jul;45(4):376–85. https://doi.org/10.5271/sjweh.3799.
36. Kujala UM, Kaprio J, Sarna S, Koskenvuo M. Relationship
of leisure-time physical activity and mortality: the Finnish
twin cohort. JAMA 1998 Feb;279(6):440–4. https://doi.
org/10.1001/jama.279.6.440.
37. Ala-Mursula L, Vahtera J, Pentti J, Kivimäki M. Effect of
employee worktime control on health: a prospective cohort
study. Occup Environ Med 2004 Mar;61(3):254–61. https://
doi.org/10.1136/oem.2002.005983.
38. Statistics Finland. Classification of Occupations 2001. July 5,
2019]; Available from: http://www.stat.fi/meta/luokitukset/
ammatti/001-2001/index_en.html.
39. Gunasekara FI, Richardson K, Carter K, Blakely T. Fixed
effects analysis of repeated measures data. Int J Epidemiol
2014 Feb;43(1):264–9. https://doi.org/10.1093/ije/dyt221.
40. Härmä M, Karhula K, Puttonen S, Ropponen A, Koskinen
A, Ojajärvi A et al. Shift work with and without night work
as a risk factor for fatigue and changes in sleep length: A
cohort study with linkage to records on daily working hours.
J Sleep Res 2019 Jun;28(3):e12658. https://doi.org/10.1111/
jsr.12658.
41. Official Statistics of Finland. Time use, Structure of
Working Week 2009, O.S.o.F.O.T.u. [Available from: http://
tilastokeskus.fi/til/akay/2009/07/akay_2009_07_2014-0416_tie_001_en.html], Editor. 2019: Helsinki, Finland.
42. Mohren DC, Jansen NW, Kant I. Need for recovery from
work in relation to age: a prospective cohort study. Int Arch
Occup Environ Health 2010 Jun;83(5):553–61. https://doi.
org/10.1007/s00420-009-0491-9.

45. Audrey S, Procter S, Cooper AR. The contribution of
walking to work to adult physical activity levels: a
cross sectional study. Int J Behav Nutr Phys Act 2014
Mar;11(1):37. https://doi.org/10.1186/1479-5868-11-37.
46. Kaneko SY, Maeda T, Sasaki A, Sato A, Tanaka K,
Kobayashi T et al. Changes in health habits of female shift
workers. J Occup Health 2004 May;46(3):192–8. https://doi.
org/10.1539/joh.46.192.
47. Adamo KB, Langlois KA, Brett KE, Colley RC. Young
children and parental physical activity levels: findings
from the Canadian health measures survey. Am J Prev
Med 2012 Aug;43(2):168–75. https://doi.org/10.1016/j.
amepre.2012.02.032.
48. Karhula K, Puttonen S, Ropponen A, Koskinen A, Ojajärvi
A, Kivimäki M et al. Objective working hour characteristics
and work-life conflict among hospital employees in the
Finnish public sector study. Chronobiol Int 2017;34(7):876–
85. https://doi.org/10.1080/07420528.2017.1329206.
49. Jansen NW, Mohren DC, van Amelsvoort LG, Janssen N,
Kant I. Changes in working time arrangements over time as
a consequence of work-family conflict. Chronobiol Int 2010
Jul;27(5):1045–61. https://doi.org/10.3109/07420528.2010.
489874.
50. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor
Gorber S, Tremblay M. A comparison of direct versus
self-report measures for assessing physical activity in
adults: a systematic review. Int J Behav Nutr Phys Act 2008
Nov;5:56. https://doi.org/10.1186/1479-5868-5-56.
51. Driesen K, Jansen NW, van Amelsvoort LG, Kant
I. The mutual relationship between shift work and
depressive complaints--a prospective cohort study. Scand
J Work Environ Health 2011 Sep;37(5):402–10. https://doi.
org/10.5271/sjweh.3158.
52. Puig-Barrachina V, Vanroelen C, Vives A, Martínez JM,
Muntaner C, Levecque K et al. Measuring employment
precariousness in the European Working Conditions Survey:
the social distribution in Europe. Work 2014;49(1):143–61.
53. EuroFound and International Labour Organization.
Working conditions in a global perspective, ed. EuroFound.
2019, Geneva: Publication Office of the European Union,
Luxembourg, and International Labour Organization.
Received for publication: 5 September 2019

Scand J Work Environ Health 2020, vol 46, no 3

301

