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Objective   Physical inactivity has been hypothesized as an underlying factor for the association between shift 
work and adverse health outcomes. We compared leisure-time and occupational physical activity and sedentary 
behavior between day, night, and non-night shift workers.
Methods    We identified 612 day workers, 139 night shift workers and 61 non-night shift workers aged 18–65 
years (54% men) in two Danish studies: the New method for Objective Measurements of physical Activity in 
Daily living (NOMAD) and the Danish Physical ACTivity cohort with Objective measurements (DPhacto) 
between 2011–2013. Sedentary behavior, light, and moderate-to-vigorous physical activity were measured using 
an accelerometer. Physical activity was expressed as percentage of leisure and work time spent in each activity. 
Linear regression analyses were used to test differences in physical activity and sedentary behavior between day, 
night, and non-night shift workers.
Results   No differences in leisure-time sedentary behavior and physical activity were observed between day 
and shift workers (P>0.05). Non-night shift workers spent 7.2% [95% confidence interval (95% CI) 2.3–12.1) 
more time in occupational sedentary behavior than day workers and 5.9% (95% CI -10.1– -1.7) and 1.9% (95% 
CI -3.7– -0.2) less time in occupational light and moderate-to-vigorous physical activity, respectively. Compared 
to day workers, night shift workers spent 4.3% (95% CI 2.4–6.1) more time at work in uninterrupted sedentary 
periods of ≥30 minutes.
Conclusions   Shift workers had similar leisure-time physical activity patterns as day workers, but were more 
sedentary at work. Future research should elucidate whether occupational physical inactivity and sedentary 
behavior contributes to shift work-related adverse health effects.
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Almost one in five of all employees in Europe and the 
USA work in rotating shifts or during the night (1, 2). 
Due to increasing economic and social demands, shift 
work is currently an inherent part of modern society. 
However, accumulating evidence indicates that shift 
work imposes an increased risk for metabolic distur-
bances, such as alterations in body weight, glycaemia 
and lipids (3–5), and several chronic diseases, such 
as breast cancer, type II diabetes, and cardiovascular 
disease (6–9).

To alleviate these adverse health effects of shift work, 
there is a need for insight into the mechanisms underlying 
this relationship. To date, the causal mechanisms linking 
shift work and health outcomes are not well understood, 
but they appear to be multifactorial. Lifestyle behaviors, 
such as physical inactivity, have been hypothesized but 
so far untested as one of the underlying mechanisms of 
adverse health effects of shift work (10). Therefore, it is 
important to understand differences in physical activity 
patterns between day and shift workers.
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The findings of previous studies on the relation 
between shift work and physical activity were mixed, 
and thus inconclusive. Some studies observed that 
shift workers were less physically active than day 
workers (11–13). It has been suggested that this 
may be because shift workers are more fatigued and 
have less time to be physically active or are unable 
to participate in organized sport activities than day 
workers (14, 15). In contrast, other studies observed 
no difference between day and shift workers (16–19) 
or observed that shift workers were more physically 
active (20, 21). These studies (12, 13, 16–20) on shift 
work and physical activity often lack adjustment for 
relevant confounders, such as age and gender, and 
have mainly relied on self-reported physical activity. 
Self-reports are prone to bias and less reliable than 
objective methods for assessing physical activity 
(22–24). Moreover, self-reports do not provide activ-
ity patterns in detail, such as time spent in different 
durations of sitting, standing, and walking (25). In 
addition, most previous studies did not describe 
occupational physical activity (12, 18, 19, 21) or 
distinguish between occupational and leisure-time 
physical activity among shift workers (11), while shift 
work may influence occupational physical activity 
in a different way than leisure-time physical activ-
ity (26). For example, time constraints to participate 
in organized sport activities may decrease leisure-
time physical activity, whereas different work tasks 
between day work and night shifts may be related to 
different occupational physical activity patterns (14, 
15). Thus, detailed information about overall and 
specified physical activity behaviors (eg, duration and 
intensity of activity) of shift workers in comparison 
with day workers is currently lacking. In addition, 
there is increasing attention for sedentary behavior 
as an independent (ie, independent from physical 
activity) risk factor for metabolic disturbances and 
chronic diseases (27). Knowledge about sedentary 
behavior across shift work groups is therefore also of 
importance and has hardly been studied yet.

To evaluate differences in sedentary behavior and 
physical activity between day and shift workers, it is 
important to comprehensively capture the complex pat-
tern of sedentary behavior and physical activity using 
objective measurement instruments. For this purpose, 
exposure variation analysis has recently been proposed 
as it includes all important dimensions of physical activ-
ity while reducing its complexity (25).

The aim of this study was to compare patterns of 
objectively measured leisure-time and occupational 
physical activity and sedentary behavior between day 
and shift workers. We hypothesized that shift workers 
have lower leisure-time and occupational physical activ-
ity and higher sedentary levels than day workers.

Methods

Population

We used data from the two Danish studies: the New 
method for Objective Measurements of physical Activ-
ity in Daily living (NOMAD) (28) and the Danish 
Physical ACTivity cohort with Objective measure-
ments (DPhacto) (29). In the NOMAD study, 391 blue 
collar workers aged 18–65 years who worked ≥20 
hours/week were invited to participate. Workers were 
primarily recruited through contact with trade unions 
or safety representatives between October 2011 and 
April 2012. In the DPhacto cohort, 2107 blue-collar 
workers aged 18–68 years were invited to participate 
from 15 Danish workplaces between spring 2012 and 
spring 2013. Details of the study designs of NOMAD 
and DPhacto have been described elsewhere (28, 29). 
Exclusion criteria were pregnancy and skin allergy to 
adhesive tape, white-collar workers, and jobs without 
shift work. All workers gave informed consent and the 
Ethics Committee for the Capital Region of Denmark 
approved the study (journal numbers H-2–2011–047 
and H-2-2012-011).

Shift work

In both cohort studies, workers were asked the following 
question: "Which time of the day do you usually work 
in your main occupation?". Response options in the 
NOMAD study were "fixed day work", "fixed evening 
work (mostly between 15.00–24.00 hours)", "fixed night 
work (mostly between 24.00–05.00 hours)", "varying 
working hours with night shifts", "varying working hours 
without night shifts", and "other". Response options in the 
DPhacto study were "fixed day work", "night or varying 
working hours with night shifts", and "other". In the pres-
ent study, we divided the workers in the following three 
groups: (i) day workers: workers with fixed day work; (ii) 
night shift workers: those with fixed night shifts or vary-
ing working hours with night shifts; and (iii) non-night 
shift workers: all others, including fixed evening workers. 

Physical activity

Physical activity was measured for approximately four 
successive days using the Actigraph GT3X accelerom-
eter fixed halfway between crista iliac and patella at the 
medial front of the right thigh, as described previously 
(30, 31). Most of the measurements within one com-
pany were taken over consecutive days in one week. 
The workers were allowed to remove the accelerometer 
if it caused any kind of discomfort, such as itching or 
disturbed sleep. They were also instructed to perform 
a reference measurement in a standing position for 15 
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seconds every day, and to complete a short diary includ-
ing the time of the reference measurement and non-wear 
time, working period, and time in bed. 

Stored data of the Actigraph was downloaded using 
the manufacturer’s program Actilife Software version 
5.5, and was further analyzed using the custom-made 
MATLAB program (Acti4, The National Research Cen-
tre for the Working Environment, Copenhagen, Denmark 
and BAuA, Berlin, Germany). This program estimates 
the type, duration, and variation of physical activities and 
body postures with a sensitivity of 98% and specificity 
of 93% (31). The following physical activity types were 
identified from the accelerometer outputs using the indi-
vidual’s reference measurement and algorithms shown 
elsewhere: sedentary behavior, standing, slow and fast 
walking, cycling, running, and stair climbing (31).

Consistent with previous work (28, 32, 33), each lei-
sure- and working-time interval on working days had to 
contain ≥4 hours/day of accelerometer wear-time or 75% 
of the average wear-time across days for the individual. 
Working time was defined as the self-reported hours 
spent at the primary occupation and leisure time as the 
remaining hours. Leisure-time intervals on non-working 
days were included if accelerometers were worn for ≥10 
hours/day or ≥75% of the average time across days when 
accelerometers were worn (34). Periods of sleep, non-
wear, and periods not coded in the diary were excluded 
from the analyses.

Intensity was categorized into sedentary behavior 
(lying/sitting), light (stand/slow walking), and moder-
ate-to-vigorous (fast walking/running/cycling). Expo-
sure variation analysis matrices were used that combine 
simultaneously two core dimensions of physical activity 
exposure: intensity and duration (25, 35). We identified 
uninterrupted periods of different durations (ie, <1, 1–5, 
5–10, 10–30, 30–60, and >60 minutes) spent at a certain 
intensity of physical activity (25, 33). The accumulated 
time spent in each of these duration categories was cal-
culated and expressed as percentage of total time in each 
activity (35). We did this separately for physical activity 
during leisure and working time. In accordance with 
physical activity recommendations (36, 37), we also 
constructed the variable "prolonged sedentary behav-
ior", determined as the time in uninterrupted sedentary 
periods of ≥30 minutes.

Covariates

Workers completed a questionnaire including questions 
on demographics, work-related factors, and lifestyle. 
Detailed procedures have been described previously (28, 
29). Occupational sector was categorized into cleaning, 
manufacturing, transportation, assembling, healthcare, 
and garbage collection. Manufacturing jobs included 
work in the food and metal industry. Manufacturing 

workers mostly did assembly tasks that included highly 
repetitive work (ie, short cycle times) and/or assembling 
an entire product (ie, long cycle times). Job seniority 
(years) was determined by asking for how long they had 
the kind of occupation they currently have. We dichoto-
mized smoking into current and non-smoker (28). The 
frequency of fruit and vegetable intake was categorized 
into every day and 0–6 times/week. Body weight was 
objectively measured to the nearest 0.1 kg and body 
height to the nearest cm. Body mass index (BMI) was 
calculated by dividing weight by height squared (kg/m2).  

Data analysis

The two-sample t-test and chi-square test were used to 
assess differences in baseline variables between day 
and shift workers. The differences in percentage time 
spent in different physical activity types were described 
for day and shift workers, separately for leisure and 
working time. Leisure-time physical activity during 
week and weekend days were combined in the analyses 
because, in relation to shift work status, no differences 
were observed between physical activity on weekdays 
and weekend days. Differences between day and shift 
workers in sedentary behavior, light, and moderate-to-
vigorous physical activity were analyzed using linear 
regression analyses. All analyses were adjusted for 
age, gender, occupational sector, working hours/week, 
job seniority, smoking status, and fruits and vegetables 
intake. Occupational physical activity has been found 
to be associated with leisure-time physical activity (38). 
Since activities that each job requires may differ, physi-
cal activity during leisure time was additionally adjusted 
for the percentage of time spent in occupational moder-
ate-to-vigorous-intensity physical activity. Finally, for 
more detailed insight into differences in physical activity 
and sedentary behavior between day and shift workers, 
the exposure variation analysis matrices were used. In 
doing so, the percentage of total time in each uninter-
rupted period of the six different durations for light and 
moderate-to-vigorous physical activity and sedentary 
behavior were calculated.

Results

Population

Of the 1422 workers, we excluded 253 white-collar 
workers, 53 individuals who worked in an occupational 
sector in which nobody did shift work, 221 individuals 
without valid accelerometer data, and 83 individuals 
with missing values on shift work status or covariates 
(figure 1). Non-night shift workers who reported to have 
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done a night shift in their diary during the days they 
wore an accelerometer were also considered night shift 
workers (N=6). This led to a study population of 612 
day workers, 139 night shift workers, and 61 non-night 
shift workers.

The mean age was 45.0 [standard deviation (SD) 
10.0] years and 54% of the workers were men. Com-
pared to day workers, night shift workers were more 
often men and smokers, ate fruits and vegetables on a 
daily basis less often, and worked in transportation more 
often. Night shift workers did not work in healthcare 
or as garbage collectors. Non-night shift workers were 
more often smokers and worked in manufacturing less 
often than day workers (table 1).

Physical activity patterns

In total, 50 911 waking hours and 3519 days of physical 
activity were included in the analyses. Workers wore an 
accelerometer on average for 3.3 (SD 0.9) days on work-
ing days and for 1.9 (SD 0.8) days on non-working days 
(table 1). The workers spent almost two-thirds of their 
time during leisure and about one-third during work in 
sedentary behavior (table 2). Workers stood and walked 
slowly approximately 30% of the time during leisure and 
about 50% during work. Fast walking covered most of 
the remainder of the waking time (6.3–14.7%), and other 
activities (ie, stair climbing, running, and cycling) were 
done about 1% of the measured time. 

During leisure time on working and non-working 

days, no clear differences in time spent in different physi-
cal activities were observed between day and shift work-
ers (table 2). The percentage time spent in occupational 
sedentary behavior was numerically higher in the shift 
work than day work group, while the percentage time 
spent walking at work was numerically lower in the 
shift work groups. Results of the univariable and mul-
tivariable-adjusted analyses, showed no differences in 
percentage time spent in leisure-time sedentary behavior, 
light, and moderate-to-vigorous physical activity between 
day, night shift and non-night shift workers (P>0.05) 
(table 3). At work, non-night shift workers spent statisti-
cally significantly [7.2%, 95% confidence interval (95% 
CI) 2.3–12.1] more time in sedentary behavior than day 
workers, while they spent 5.9% (95% CI -10.1– -1.7) and 
1.9% (95% CI -3.7– -0.2) less time in light and moderate-
to-vigorous physical activity, respectively. No statistically 
significant differences in overall occupational sedentary 
behavior and physical activity were observed between day 
and night shift workers (P>0.05). 

Exposure variation analysis confirmed the absence 
of differences in leisure-time sedentary behavior and 
physical activity between day and shift workers (table 
4). At work, both night (11.1%) and non-night (8.4%) 
shift workers spent more time in uninterrupted sedentary 
periods of 30–60 and ≥60 minutes than day workers 
(4.9%). In multivariable-adjusted analyses, night shift 
workers spent statistically significantly (4.3%, 95% CI 
2.4–6.1) more time in prolonged (≥30 minutes) occupa-
tional sedentary behavior than day workers.

Figure 1. Flow chart leading 
to the study population.NOMAD

391 workers invited
DPhacto

2107 workers invited

1422 workers

812 workers included in 
present study 

612 day workers 139 night shift workers

988 non-respondents

White collar workers (N=253)

88 non-respondents

61 non-night shift workers

Workers with an occupation without shift work 
(N=53)

No sufficient accelerometer data (N=221)

Missing values on shift work status (N=25) or
covariates (N=58)
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Table 1. Baseline characteristics by shift work status. [SD=standard deviation

Day workers (N=612) Night shift workers (N=139) Non-night shift workers (N=61)

N % Mean SD N % Mean SD N % Mean SD

Demographics
Age (years) 45.5 10.0 43.5 9.9 44.0 9.2
Gender (male)  308 50 100 72 a 27 44

Occupational
Working hours/week 37 6 40 9 37 6
Seniority job (years) 13 10 12 1 a 11 10

Occupational sector
Cleaning 126 21 7 5 18 30
Manufacturing 398 65 100 70 29 48 c
Transportation 34 6 25 18 a 6 10
Assembling 18 3 7 5 4 7
Health care 10 2 0 0 3 5
Garbage collectors 26 4 0 0 a 1 2

Night shift during measurement day b 79 57
Non-night irregular shift during measurement day c 109 78 50 82
Any non-day time shift during measurement day 117 84 50 82
Health and lifestyle
Smoker 182 30 55 40 a 29 48 c
Vegetables (daily) 252 41 44 32 a 23 38
Fruits (daily) 327 53 54 39 a 25 41

Body mass index (kg/m2)     27.4 4.9 26.9 4.5 27.1 5.4
Wear-time accelerometer
Measured working days with leisure-time 3.0 1.0 2.7 1.1 a 2.6 1.0 a

Measured non-working days 1.9 0.7 1.8 0.9 1.9 1.2
Measured working days with work time 2.9 0.9 3.0 1.2 3.1 0.9 a

Average wear-time leisure working day (hours/day) 8.8 1.9 8.5 2.1 a 8.5 1.7 a

Average measured time non-working days (hours/day) 14.9 1.5 14.9 1.8 15.1 2.1
Average wear-time work (hours/day) 7.4 1.7 8.3 1.5 a 7.8 1.2

a Statistically significant difference (P<0.05) tested with the two-sample t-test and chi-square test between night shift workers, non-night shift workers 
and day workers (reference).

b Worked ≥3 hours between 00.00–05.00 hours during one of the days the workers wore an accelerometer.
c Worked in an evening (start after 16.00 and stop between 21.00–23.59 hours) or morning (start between 04.00–06.00 hours) shift during one of the 

days the worker wore an accelerometer.

Table 2. Percentage time spent in different types of physical activity during leisure time and at work. [SD=standard deviation.]

Leisure time on working and non-working days Work time

Day worker  
(N=610)

Night shift  
worker (N=139)

Non-night shift  
worker (N=61)

Day worker  
(N=602)

Night shift  
worker (N=135)

Non-night shift  
worker (N=57)

% SD % SD % SD % SD % SD % SD
Sedentary 61.1 14.0 62.4 14.3 60.9 12.9 30.8 18.7 36.2 23.1 39.8 22.4
Standing 26.3 9.4 24.8 9.3 27.1 9.2 49.0 17.1 45.0 19.5 42.0 20.3
Slow walking 2.1 1.1 2.3 1.5 2.0 1.1 3.8 2.5 4.1 3.0 2.8 1.8
Fast walking 6.7 2.9 6.3 2.9 6.8 2.7 14.7 7.1 13.6 5.4 12.8 6.2
Stair climbing 0.5 0.5 0.4 0.4 0.5 0.5 0.8 0.9 0.8 0.7 0.8 0.7
Running 0.21 0.87 0.29 0.80 0.09 0.30 0.09 0.56 0.04 0.04 0.04 0.08
Cycling 0.50 1.30 0.57 1.45 1.05 2.06 0.06 0.30 0.07 0.21 0.17 0.48

Discussion

In this blue-collar population, night and non-night shift 
workers had similar objectively measured leisure-time 
physical activity patterns compared to day workers. 
At work, non-night shift workers spent more time in 
sedentary behavior and less time in light and moderate-
to-vigorous physical activity than day workers. In com-
parison with day workers, both night and non-night shift 
workers spent more time in prolonged periods of ≥30 

minutes of sedentary behavior at work.
Most previous studies observed no differences in 

self-reported moderate and moderate-to-vigorous physi-
cal activity during leisure time between day and shift 
workers (16–18, 39, 40). We extended previous find-
ings to leisure-time sedentary behavior by investigating 
physical activity patterns in much more detail using 
objective data, but still found no differences between 
day and shift workers. In contrast, one study, which also 
used objectively measured physical activity, observed 
that rotating shift workers engage in less sedentary 
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Table 4. Percentage time spent in sedentary behavior, light, and moderate-to-vigorous intensity physical activity in uninterrupted periods 
(ranging from <1– >60 minutes) for day (N=612), night shift workers (N=139), and non-night shift workers (N=61).

Sedentary behavior Light physical activity Moderate-to-vigorous physical activity

Day workers Night shift 
workers

Non-night  
shift workers

Day workers Night shift 
workers

Non-night  
shift workers

Day workers Night shift 
workers

Non-night  
shift workers

% % % % % % % % %
Leisure time (minutes)
<1 1.3 1.3 1.3 10.2 9.9 10.4 5.9 5.8 6.0
1–5 4.8 4.8 4.8 12.5 11.8 12.9 1.3 1.2 1.7
5–10 6.1 6.1 6.6 3.6 3.3 3.7 0.4 0.4 0.5
10–30 21.3 21.4 17.1 3.1 3.0 3.1 0.4 0.3 0.3
30–60 14.0 13.9 15.9 0.13 0.12 0.12 0.10 0.06 0.06
≥60 15.0 15.0 15.2 0.02 0.05 0.04 0.003 0.040 0.000

Work time (minutes)
<1 1.9 1.6 1.8 19.1 24.6 18.5 14.0 13.0 12.5
1–5 5.5 5.0 7.0 21.7 19.1 17.5 1.8 1.7 1.4
5–10 5.5 4.9 7.7 5.5 3.6 4.8 0.1 0.04 0.1
10–30 13.1 13.4 15.0 4.4 2.2 5.0 0.0 0.0 0.0
30–60 3.9 4.9 5.4 0.1 0.1 0.2 0.0 0.0 0.0
≥60 1.0 6.2 3.0 0.04 0.0 0.0 0.0 0.0 0.0

Table 3. Differences in the percentage time spent in a certain intensity of physical activity between night shift workers (N=139), non-night 
shift workers (N=61) and day workers (N=612) (reference). Significant associations are shown in bold. [95% CI=95% confidence interval.]

Sedentary behavior Light physical activity Moderate-to-vigorous physical activity

Day 
workers

Night shift 
workers

Non-night  
shift workers

Day 
workers

Night shift 
workers

Non-night  
shift workers

Day 
workers

Night shift 
workers

Non-night  
shift workers

ß 95% CI ß 95% CI ß 95% CI ß 95% CI ß 95% CI ß 95% CI
Leisure time
Model 1 a ref 0.7 -1.8–3.3 0.2 -3.5–3.8 ref -0.5 -2.3–1.3 -1.5 -4.9–1.9 ref -0.1 -0.8–0.3 0.5 -0.5–1.4
Model 2 b ref 0.3 -2.4–2.9 -0.05 -3.7–3.6 ref -0.4 -2.2–1.5 0.4 -2.2–3.0 ref 0.02 -0.7–0.7 0.4 -0.5–1.4
Model 3 c ref -0.02 -2.7–2.7 -0.2 -4.0–3.6 ref -0.1 -2.0–1.7 0.2 -2.4–2.9 ref 0.1 -0.6–0.8 1.0 0.1–2.0

Work time
Model 1 a ref 4.0 0.3–7.7 9.6 4.2–14.9 ref -2.1 -5.6–1.3 -8.4 -13.4– -3.4 ref -1.3 -2.7–0.1 -1.9 -3.9–0.1
Model 2 b ref 0.5 -2.9–4.0 7.2 2.3–12.0 ref 0.1 -2.9–3.1 -5.9 -10.0– -1.7 ref 0.1 -1.1–1.3 -2.0 -3.7– -0.2
Model 3 c ref 0.6 -2.8–4.1 7.2 2.3–12.1 ref -0.1 -3.1–3.0 -5.9 -10.1– -1.7 ref 0.2 -1.1–1.4 -1.9 -3.7– -0.2

a Presented as regression coefficients (95% CI) of the difference in percentage time spent in each physical activity obtained by linear regression analyses 
adjusted for age and gender. 

b Model 1 and additionally adjusted for occupational sector, working hours, and seniority job.
c Model 2 and additionally adjusted for fruits, vegetables, smoking and body mass index. Leisure-time physical activity was additionally adjusted for mod-

erate-to-vigorous intensity physical activity at work.

behavior and more total light-intensity physical activity 
without distinguishing between leisure-time and occu-
pational activities (11). Our findings imply differences 
between day and shift workers during working time, 
but not during leisure time. In addition, no studies have, 
to our knowledge, investigated objectively measured 
physical activity during leisure time in relation to shift 
and night work. A recent study showed no difference 
in self-reported leisure-time vigorous physical activity 
or sport activities between day and shift workers (21). 
In contrast, afternoon workers and female night shift 
workers have been shown to participate less in vigorous 
physical activity than day workers (16, 18). Although 
these two studies suggest that some shift workers are 
less vigorously physically active than day workers, the 
majority of the studies up to now, including the present, 
suggest similar leisure-time physical activity patterns 
among shift and day workers.

In line with our findings, Loprinzi observed that 
rotating shift workers spent more time, and night shift 
workers a similar amount of time, in sedentary behavior 
compared to day workers (11). As described above, our 
results imply that this is probably only due to increased 
sedentary behavior among shift workers during working 
hours. We also showed that shift workers spent more 
time in prolonged periods of occupational sedentary 
behavior compared to day workers. The increased sed-
entary behavior among non-night shift workers in our 
study was in line with less light- and moderate-intensity 
physical activity. Reasons for this increased sedentary 
behavior and decreased light- and moderate-intensity 
occupational physical activity among shift workers are 
unknown. It could not be explained by type of occupa-
tion, for which we thoroughly controlled. Although 
speculative, a potential explanation might be that work 
tasks during irregular shifts are different compared to 
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tasks during regular day work. For example, irregular 
shifts might include more supervisory tasks instead of 
performing tasks, which give rise to more sedentary 
behavior. It has also been shown that shift workers 
are more fatigued and consequently less motivated to 
work during non-daytime shifts than during day work 
(26). Hence, another reason may be that tiredness and 
decreased work motivation during irregular shifts lead 
to more occupational sedentary behavior. Increased 
sedentary behavior due to irregular shifts may have 
health implications since sedentary behavior, especially 
uninterrupted bouts, are associated with adverse car-
diometabolic health outcomes, such as overweight and 
glycaemia (41). However, it can be hypothesized that it 
is beneficial for shift workers with physically demand-
ing jobs (eg, manufacturing and cleaning) to be more 
sedentary at work in order to recover from physically 
demanding tasks. Although this may be the case for 
some shift workers, we observed that shift workers spent 
more time in long uninterrupted periods of sedentary 
behavior instead of only short recovery periods. Still, 
before strong conclusions can be drawn on this topic, 
future studies are needed to confirm the potential link 
between shift work, occupational sedentary behavior 
and physical inactivity, and adverse health outcomes. 
The potentially underlying reasons, such as different 
work tasks during irregular shifts compared to regular 
day work, should also be further studied. 

Strenths and limitations

The main strength of the present study is that we used 
objectively measured physical activity in a homoge-
neous group of blue-collar workers. Physical activity 
types in our study were determined using validated 
software (Acti4) (31). However, the limited information 
about shift work, in particular frequency of shifts, is a 
limitation of our study. If shift work changes physical 
activity patterns, then it is likely that shift workers with 
many shifts are most affected. However, the frequency 
of non-daytime shifts (eg, morning or evening shifts) 
seems high in our shift work groups: 84% of night and 
82% of non-night shift workers worked in a non-daytime 
shift during the average accelerometer wearing time of 
three days. In sensitivity analysis, we also observed that 
night shift workers who worked ≥1 night (57%) during 
the days they wore accelerometers did not have a differ-
ent physical activity pattern than day workers. Thus, the 
shift workers in our study probably performed enough 
irregular shifts to potentially detect differences in physi-
cal activity levels compared to day workers. Since work 
tasks and physical activity in many occupations depend 
on the time of the day, physical activity may vary across 
type of shifts (eg, morning, night shift). Due to limited 
statistical power, we were unable to stratify the results 

by type of shift. Future research is needed to determine 
whether our results apply to all type of shifts or whether 
certain shifts introduce more sedentary behavior than 
other shifts. Furthermore, our population spent very 
little time in vigorous physical activities, which makes 
it difficult to observe differences in vigorous physical 
activities between day and shift workers. However, this 
homogeneous population minimizes the issue of residual 
confounding by occupation and socioeconomic status. 
Finally, our results are applicable to blue-collar workers, 
in particular, to cleaners and workers in manufacturing 
and transportation who formed the greatest part of the 
population.

In conclusion, blue-collar shift workers had similar 
leisure-time sedentary behavior and physical activity 
patterns as day workers. These findings strengthen the 
conclusions from previous studies (16–18, 39, 40) that 
shift work has little or no influence on overall leisure-
time sedentary behavior and physical activity. The cur-
rent evidence thus suggests that leisure-time physical 
activity does not play a role as underlying mechanism of 
shift work-related adverse health outcomes. In our study, 
shift workers, particularly non-night shift workers, spent 
more time in (prolonged) sedentary behavior and were 
less physically active at work compared to day workers. 
This indicates that measures for shift workers should 
focus on reducing (prolonged periods) of sedentary 
time during working hours. However, the role of this 
increased occupational sedentary behavior and physical 
inactivity among shift workers for health (ie, metabolic 
disturbances) needs further consideration. Differences in 
activities during day work and non-daytime shifts should 
be further investigated as well as the temporal relation 
between shift work, occupational sedentary behavior and 
physical inactivity, and adverse health consequences. 
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