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Abstract

Background: Little is known about the relationship between shift work and perceived health, including potential
underlying mechanisms such as unhealthy behaviors. The aim of this study was to investigate whether unhealthy
behaviors mediate the relationship between shift work and perceived mental and physical health, taking into
account potential differences by level of education.

Methods: Data from 1633 workers participating in the Doetinchem Cohort Study during 1995-2016 were used.
Being engaged in shift work was determined at 1 year preceding the assessment of health behaviors. Mental and
physical health were assessed after 5 years of follow-up by the 5-item Mental Health Inventory and the physical
functioning scale of the 36-item Short Form Health Survey. Smoking, physical inactivity, alcohol consumption, and
overweight were considered as potential mediators and education was treated as moderator. Moderated mediation
analyses using generalized estimated equations were performed.

Results: Shift work was not statistically significantly related to either mental or physical health. Despite this,
statistically significant mediation effects of smoking (Beta — 0.09; 95% Confidence Interval —0.20 - -0.01, respectively
B -0.09; 95%Cl -0.21 - -0.01) and physical inactivity (B 0.11; 95%CI 0.03-0.23, respectively B 0.08; 95%Cl 0.01-0.18)
were found in the relationship between shift work and mental or physical health. Direct and indirect effects
outweighed each other in the relationship between shift work and mental health, since the direction of these
effects was opposite. The relationship between shift work, unhealthy behavior, and health was not different by
educational level.

Conclusion: Shift workers did not report lower mental or physical health than non-shift workers. Though mediation

effects of unhealthy behavior were observed in the relationship between shift work and perceived health, these
small effects had minor public health relevance.

* Correspondence: sandra.van.oostrom@rivm.nl

'Centre for Nutrition, Prevention and Health Services, National Institute for
Public Health and the Environment, P.O. Box 1, 3720 BA Bilthoven, the
Netherlands

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-021-11350-2&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:sandra.van.oostrom@rivm.nl

Proper et al. BMC Public Health (2021) 21:1300

Background

Today’s 24-h society requires constant production and
availability of goods and services [1]. As a result, the
number of shift workers has increased in the past de-
cades to make up about 21% of all European workers
working in shifts and 19% of all European workers work-
ing during the night. Although being employed in shift
work is inevitable in some sectors, it can be demanding
for health. For example, shift work has been linked to
risk factors for health, such as sleep deficits and fatigue
[2] and to adverse chronic health effects such as an in-
creased risk of the development of cardiovascular dis-
eases, diabetes type 2, and some types of cancer [3-6].
With shift work becoming more common, this may re-
flect a public health concern.

Not much is known about the effects of shift work on
perceived health, including general, mental, and physical
health. There is a minimal amount of literature available
on the relationship between shift work and perceived
health, and results of those studies were mixed [7-10].
For example, data from the Korea Health Panel of work-
ing women, showed that night workers and rotating shift
workers had lower health-related quality of life scores
compared to those working day shifts [10]. In contrast,
another cross-sectional study found a better general
health status [8], and some other studies did not find
differences in perceived health between shift and non-
shift workers [7, 9]. For mental health, the limited stud-
ies available were inconsistent in their results as well.
Some studies found shift work to be associated with anx-
iety, depression or low general mental health [6, 11-13],
while others observed favorable effects [14] or no associ-
ations [9, 15, 16]. Considering the predictive value of
perceived health on morbidity and mortality [17], more
research into the effect of shift work on perceived health
is needed.

Several pathways have been proposed to explain the
potential negative health effects of shift work, includ-
ing unhealthy behaviors [4, 18-21]. Regarding phys-
ical activity levels, some studies showed that shift
workers are less physically active in leisure time com-
pared to non-shift workers [22, 23], suggesting a po-
tential mediating role of this behavior. However,
other studies did not support these findings, and even
found higher levels of walking activity in shift workers
and similar leisure time physical activity compared to
non-shift workers [24, 25]. Also, for other unhealthy
behaviors, such as smoking and alcohol consumption,
the evidence for a link with shift work has been
mounting [6]. For example, a systematic review of six
longitudinal studies concluded that smoking was more
frequent among shift workers [26].

Knowledge about the mechanistic (mediating) factors
in the effects of shift work on perceived health is
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necessary to provide opportunities for improving health
in shift workers and to prevent future adverse health ef-
fects. The mediating role of unhealthy behaviors in the
relation between shift work and perceived health has not
been tested so far. It has been shown that both un-
healthy behaviors and unfavorable working conditions,
such as shift work, are more common among workers
with a lower educational level than among workers with
a higher educational level [27]. Also the adverse health
effects of unhealthy behaviors and unfavorable working
conditions might differ according to level of education.
It is therefore important to take into account possible
moderation by educational level. The aim of this study
was to investigate whether unhealthy behaviors mediate
the relationship between shift work and perceived (men-
tal and physical) health, taking into account possible
moderation by educational level.

Methods

Data from the longitudinal Doetinchem Cohort Study
(DCS) were used, which is an ongoing population-based
study of men and women who were aged 20-59 years at
the start of the study. Participants were examined in
1987-1991 (N =7768), 1993-1997 (N =6117), 1998-
2002 (N =4918), 2003-2007 (N =4520), 2008-2012
(N =4018) and 2013-2016 (N =2798). Response levels
were 75% or higher over the different measurement
rounds [28, 29]. Informed consent was obtained from all
individual participants.

Data from the period 1994-2016 were used, since the
relevant outcome measures were available over this
period. We included 2798 participants who participated
in round 6 (2013-2016) because this round included
questions about lifetime shift work history, which en-
abled us to retrospectively determine shift work status at
previous assessment waves. We excluded participants
who never had a paid job (N = 1062). Those who did but
stopped doing paid work and did not return to paid
work before the sixth round were excluded from the
analyses from the moment they stopped doing paid
work. Of the participants who filled out the question-
naire about shift work, 1736 reported doing paid work in
at least one of the rounds 2 to 5. There were 103 re-
spondents who filled out the shift work questionnaire in-
completely or provided inconsistent answers, making it
impossible to establish the period in which they did
shiftwork. These respondents were excluded. Of the
1633 remaining participants, 232 reported doing shift
work at least once during the relevant rounds. In total
625 shift work observations were available over the four
measurement rounds. Of those, 195 participants were
shift workers at the year preceding their baseline
assessment.
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Perceived health

Perceived health was operationalized as self-rated mental
and physical health. Mental health was assessed by the
5-item Mental Health Inventory (MHI-5), which in-
cludes 5 items on depressive and anxiety symptoms, like
nervousness and feeling down. Items were scored on a
6-point Likert scale ranging from ‘all of the time’ to
‘none of the time’. The physical functioning scale of the
36-item Short Form Health Survey (SF-36) was used as a
proxy for physical health and contains 10 items on phys-
ical activities, daily routine activities (ADL’s) and “instru-
mental” activities (IADL’s), such as walking 500 m or
washing yourself. Items in the physical health scale had
3 response options: yes, limited a lot; yes, limited a little;
no, not limited at all. Scores on both the mental and
physical scale were summed and rescaled to a score
from 0 to 100, where higher scores indicate better per-
ceived health [30-32].

Shift work

A retrospective questionnaire about shift work was in-
cluded in the sixth round of the DCS, including the
most important aspects of shift work [33]. Shift work
was defined as working evening shifts (i.e. shifts ending
before midnight), night shifts (i.e. shifts starting at or
after midnight), and/or rotating shifts (i.e. rotating be-
tween day, evening and/or night shifts). Therefore, par-
ticipants were asked whether they had ever done
evening, night or rotating shifts. If so, they were asked to
indicate the total number of years they had done shift
work, the year they started and the year they stopped
doing shift work [34]. To ensure that shift work pre-
ceded unhealthy behavior in the analyses, it was deter-
mined whether participants did shift work in the year
preceding each measurement.

Body mass index and unhealthy behavior

Body mass index (BMI) was based on objective measure-
ments of body height and weight at each measurement
round. BMI was dichotomized into normal weight (< 25
kg/m?) and overweight (> 25 kg/m?). Smoking, alcohol
consumption and physical activity were included in the
questionnaire at each measurement round of the DCS.
Smoking status was based on the question ‘do you
smoke cigarettes? and dichotomized into current
smokers and non-smokers. Alcohol consumption was
measured by asking participants to indicate how many
glasses of alcoholic beverages they drank per week. This
number was converted into an average number of
glasses of alcoholic beverages per day. Alcohol consump-
tion was dichotomized as high (> 1 glass per day) or low
(< 1 glass per day), based on the Dutch dietary guide-
lines [35]. Physical activity in leisure time was assessed
by a questionnaire, developed for the EPIC study [36].
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Physical activity was dichotomized based on adherence
or not to the Dutch guideline for physical activity, i.e.
being physically active with moderate or high intensity
for an average of 30 min per day [37]. Instead of the rec-
ommended 2.5 h a week spent on at least moderately in-
tense physical activity, we used a cut-off point of 3.5h a
week to define physically active and physically inactive
workers [38]. This is justified to account for the facts
that (i) we had only data averaged over a week and (ii)
that the amount of activity is often overreported [38].

Educational level

Level of education was assessed as the highest level
achieved, as reported in round 2. If missing, data from
round 3 were used. Educational level was classified as ei-
ther low (intermediate secondary education or less) or
intermediate/high (intermediate vocational and higher
secondary education or higher).

Statistical analyses

Moderated mediation analyses were conducted based on
the framework described by Edwards and Schurer Lam-
bert (2007) [39]. Figure 1 shows a schematic presenta-
tion of the framework, applied to the relationship
between shift work, unhealthy behavior, perceived health
and education. The upper part shows the total effect (c)
of shift work on perceived health. The lower part shows
the mediation model of the indirect effect of unhealthy
behavior (a, b), and the direct effect of shift work (c’) on
perceived health that is independent from the mediators
and other covariates. As we, used the health measure-
ments from the third to sixth round, there was a 5-year
time-lag between the measurements of unhealthy behav-
ior and that of perceived health.

Following this framework, mediation was assessed by
fitting two models. First, a model was fitted in which un-
healthy behavior (potential mediator) was the dependent
variable, and shift work was the independent variable. If
a statistically significant association between shift work
and unhealthy behavior was observed in this first model,
a second model was tested. In this second model, both
shift work and unhealthy behavior were included as in-
dependent variables and perceived health in the next
round (5years after the measurement for BMI or un-
healthy behavior) was taken as the dependent variable.
All models were adjusted for sex, age (continuous) and
educational level.

In the first model, moderation was assessed by in-
cluding an interaction term of shift work status and
educational level. In the second model, moderation was
assessed by including two interaction terms: shift
work*educational level and unhealthy behavior*educa-
tional level. In case of a statistically significant inter-
action (p-value< 0.10), indirect effects of the mediation
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Fig. 1 Schematic presentation of the total effects of shift work on mental or physical health (c), the indirect effects of unhealthy behavior (a, b),
the direct effect of shift work on health (c), and the moderation by education (x;_3), based on the moderated mediation framework of

analysis were separately calculated for low and inter-
mediate/high educational level.

The direct effect of shift work on perceived health is
represented by the coefficient for shift work status in the
second model. Indirect mediation effects were calculated
using the product of coefficients method: the coefficient
for shift work status in the first model was multiplied by

the coefficient for unhealthy behavior in the second
model. Indirect effects were tested by bootstrapping
(1500 replications) of the entire procedure and con-
structing a confidence interval based on the 2.5th and
97.5th percentile. Total effects were calculated by taking
the sum of the direct and indirect effects. Total effects
were also tested wusing the bootstrap method.

Table 1 Characteristics of the study population at baseline, separated for shift workers and non-shift workers

All participants (n=1633)

Shift workers (n = 195) Non-shift workers (n = 1438)

Sex (% female) 40.7%
Age (mean, sd) 422 (8.1)
Education (% low) 40.0%
Years of shift work (mean, sd) -

Mental health® (mean, sd) 780 (14.1)
Physical functioning® (mean, sd) 91.2 (13.0)
Smoking (% current smoker) 26.7%
Alcohol consumption (> 1 glass per day) 42.9%
Physical inactivity® 57.0%
BMI (mean, sd) 249 (3.1)
Overweight (225.0 kg/mz) 43.7%

36.9% 41.2%
409 (84) 424 (8.0)
43.1% 39.5%
144 (89) -

783 (12.1) 779 (14.3)
91.5(11.6) 912 (13.2)
35.9% 25.5%
42.0% 43.0%
50.3% 57.9%
25.1 (3.1) 24.8 (3.1)
45.6% 43.4%

? Health scorings from 0 to 100, with a higher score indicating a better health

B Physically active according to the guideline is defined as at least 30 min per day activities of moderate of high intensity
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Generalized estimating equations (GEE) were used to es-
timate the coefficients. Because the product of coeffi-
cients method was used, linear models were used to
estimate the coefficients in all models. SAS version 9.4
was used for all statistical analyses. Mediation was
assessed first for all mediators separately, and subse-
quently a multivariate model was used combining rele-
vant mediators.

Results

Table 1 shows the characteristics of the study popula-
tion, divided by shift work status. The mean age of the
study population was 42.2 (sd 8.1) years, 40.7% were fe-
male and 40.0% had a low educational level. As to the
unhealthy behaviors, 26.7% of the study population were
smokers, 57.0% was physically inactive and 43.7% had
overweight. Shift workers were on average younger
(40.9 yr versus 42.4yr), more often smokers (35.9% ver-
sus 25.5%) and less often physically inactive (50.3% ver-
sus 57.9%) than non-shift workers. Shift workers were
mostly rotating shift workers (89.8%), some of them
worked night (3.8%) or evening shifts (6.4%) only.

Shift workers were more likely to be overweight
(prevalence of overweight 5% higher: B 0.05; 95% CI
0.01-0.10), or to smoke (prevalence of smoking 5%
higher: B 0.05; 95% CI 0.01-0.09) and shift workers were
less likely to be physically inactive (prevalence of being
physically active 8% lower: B -0.08; 95% CI -0.14 — -
0.03) (Table 2). The association between shift work and
alcohol consumption was weaker and not statistically
significant, implying that alcohol consumption is not a
mediator in the relationship between shift work and
health, and therefore it was not tested as such.

Mental health
Shift work and being overweight were not statistically
significantly associated with mental health (Table 3).
Smoking (B -1.89; 95% CI -2.98 — -0.81) and physical
inactivity (B -1.23; 95% CI -1.90 - -0.56) were signifi-
cantly inversely associated with mental health. Overall,
no statistically significant interaction between shift work
or unhealthy behaviors and education was found (p-
values x;_3 > 0.10), which indicated that estimates of in-
direct effects for low and intermediate/high educated
workers did not differ enough to warrant separate
analyses.

The mediation models showed that indirect effects on
the relationship between shift work and mental health
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Table 3 Associations (Beta's and 95% confidence intervals)
between shift work or unhealthy behavior with mental health
and physical functioning (n = 1633)
Mental health®

B (95% CI) *

—0.11 (= 1.59-1.38)

0.64 (- 0.17-1.44)
-1.89 (—2.98 - —0.81)
-1.23 (- 1.90 - - 0.56)

Physical functioning®
B (95% CI) °

—088 (-237-061)
-0.97 (-1.83 - -0.12)
—1.55 (- 2.69 - - 0.42)
—-1.05 (- 1.81 - - 0.29)

Shift work ()
Overweight (b)
Smoking (b)
Physical inactivity (b)

@ Analyses were adjusted for sex, age and level of education, statistically
significant results are highlighted in bold
© A higher score implies a better health

were present for smoking and physical inactivity
(Table 4). Shift workers had a 0.09 (95% CI -0.20 — -
0.01) lower mental health score than non-shift workers
via smoking (mediator), and a 0.11 (95% CI 0.03-0.23)
higher mental health score via physical inactivity (medi-
ator). The direct effect of shift work on mental health,
controlling for the potential mediator (i.e. smoking or
physical inactivity) was not statistically significant. Fur-
ther analyses with all three potential mediators (over-
weight, smoking and physical inactivity) combined in
one model, showed no statistically significant direct or
indirect effect.

Physical health

Shift work was not statistically significantly associated
with a lower physical health (Table 3). Overweight (B
-0.97; 95% CI -1.83 — - 0.12), smoking (B -1.55; 95% CI
-2.69 — - 0.42) and physical inactivity (B -1.05; 95% CI
-1.81 - -0.29) were statistically significantly associated
with a lower physical health. Educational level did not
significantly moderate the relationship between shift
work and physical health (p-values interaction terms x;_
3 >0.10).

Also for physical health, indirect effects for smoking
and physical inactivity were found in the relationship be-
tween shift work and physical health (Table 4). Shift
workers scored 0.09 (95% CI -0.21 — - 0.01) points lower
via smoking (mediator), and 0.08 (95% CI 0.01-0.18)
points higher than non-shift workers on physical health
via physical inactivity (mediator). Direct effects of shift
work on physical health were not statistically significant.
When all three mediators (overweight, smoking and
physical inactivity) were combined in one model, no sta-
tistically significant indirect effects were observed.

Table 2 Associations (Beta's and 95% confidence intervals) between shift work, BMI and unhealthy behavior

Overweight Smoking Alcohol consumption Physical inactivity
B (95% Cl) ® B (95% Cl) B (95% Cl) ® B (95% Cl) °
Shift work (a) 0.05 (0.01-0.10) 0.05 (0.01-0.09) 0.03 (- 0.03-0.07) -0.08 (- 0.14 - - 0.03)

@ Analyses were adjusted for sex, age and level of education, statistically significant results are highlighted in bold
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Table 4 Direct, indirect and total effects of shift work on mental health and physical functioning, with unhealthy behavior as

potential mediator (n = 1633)

Shift work — mental health

Shift work - physical functioning

B (95% Cl)

B (95% Cl)

Overweight
Total Effect®
Direct Effect® ()
Indirect Effect® (a*b)
Smoking
Total Effect®
Direct Effect® (')
Indirect Effect® (a*b)
Physical inactivity
Total Effect®
Direct Effect® (')
Indirect Effect® (a*b)

Overweight, smoking and physical inactivity

Total Effect?
Direct Effect® (¢
Indirect Effect® (a*b)

-0.12 (- 1.59-1.30)
—0.15 (- 1.65-1.29)
0.03 (= 0.02-0.10)

—0.11 (= 1.57-1.31)
—0.02 (- 1.50-1.45)
-0.09 (-0.20 - —0.01)

—0.11 (=1.56-1.31)
—022 (= 1.70-1.26)
0.11 (0.03-0.23)

—0.12 (= 1.59-1.30)
—0.17 (- 1.64-1.30)
0.05 (- 0.10-0.22)

—0.86 (—2.31-0.53)
—0.78 (- 2.22-0.76)
—0.08 (- 0.19-0.00)

—0.87 (- 2.25-0.50)
—0.78 (= 2.27-0.70)
-0.09 (-0.21 - —0.01)

—0.89 (- 2.30-0.49)
—0.97 (- 246-0.52)
0.08 (0.01-0.18)

—0.88 (—2.29-0.53)
—0.75 (= 2.25-0.74)
—0.13 (- 0.26-0.04)

2 Total effect of shift work on health, taking mediating effect into account

P Direct effect of shift work on health, adjusted for the mediator, age, sex and level of education

¢ Indirect effect of shift work on health through the mediator

Discussion
This study shows that shift work was not statistically sig-
nificantly related with either mental or physical health.
Shift workers are more likely to have overweight and to
smoke compared to non-shift workers, which are both
risk factors for poor physical functioning and smoking is
also a risk factor for poor mental health. On the other
hand, shift workers were more physically active than
non-shift workers, which is related to better mental
health and physical functioning. However, the mediation
effects of the unhealthy behavior in the relationship be-
tween shift work and perceived health were very small.
We did not find a statistically significant relationship
between shift work and mental health. Although some
conclude that a lack of statistical significance in the rela-
tion between x and y excludes mediation, or at least
renders it unlikely, this assumption is not always valid
[40, 41]. In the view of Zhao and colleagues (2010), and
that of others, a statistically significant direct effect or
total effect is not a necessary condition for mediation to
be present [41-43]. Indeed, statistically significant indir-
ect effects were found and it can be concluded that the
relationship between shift work and mental health is me-
diated by both smoking and physical inactivity. However,
the indirect effect via physical activity was in the oppos-
ite direction to the direct effect and thus alleviated the
negative direction of the direct effect of shift work on
mental health. Interestingly, a recent study using the UK

biobank also showed that shift workers had higher levels
of physical activity, despite the fact that this shift work
was associated cross-sectionally with depression [44].

As the direction of all the indirect effects of unhealthy
behavior in the relationship between shift work and
mental health were opposite to that of the direct effects,
the direct and indirect effects canceled each other. In
general, the magnitude of the indirect effects is very
small: only a 0.09 point decrease in MHI-5 score
through smoking and a 0.11 point increase through
physical inactivity between shift workers and non-shift
workers were observed. Considering the score range of
0-100, it can be concluded that there is no meaningful
effect of shift work on mental health, neither directly
nor through mediation.

Mediation of the relationship between shift work and
physical health was present through smoking and phys-
ical inactivity, as indicated by the indirect effects. Similar
to the findings for mental health, small differences be-
tween shift workers and non-shift workers were appar-
ent with the largest effect being a 0.09 point decrease in
the expected direction. Thus, despite the statistically sig-
nificant mediating effect found, this effect does not seem
to seem relevant for public health.

Although the potential mediating role of lifestyle be-
haviors has been hypothesized [21, 45], we could not re-
trieve any study into such a mediating role with regard
to perceived health as outcome. A recent study by
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Hulsegge et al. revealed that shift workers had greater
odds for obesity and diabetes which was mediated by
poorer sleep quality. In addition, lower physical activity
levels and lower intake of fruit and vegetables were also
mediators in the relationship between shift work and
obesity, but not in the relationship between shift work
and diabetes [46]. For the association between shift work
and respiratory infections, a mediating role of poor sleep
quality was confirmed, but not of low physical activity or
unhealthy diet [47].

From the perspective that educational level is related
to each of the variables in the model (i.e. shift work,
health, BMI and unhealthy behavior), this study also
aimed to explore the moderating role of educational
level (see Fig. 1). Our results did, however, not confirm
such a role, neither for mental health nor for physical
health. It should be mentioned that the present study fo-
cused on educational level as a measure of socioeco-
nomic status, while the latter is a composite of not only
education, but also of income, occupation, and other
factors.

A main strength of this study is its longitudinal data
collection over an extended follow-up period. Data on
lifestyle and health were collected every 5 years with high
response rates. Shift work was assessed retrospectively,
which makes our results susceptible to information bias.
However, we believe the participants were able to reli-
ably recall which years during their life course they per-
formed shift work, since being a shift worker has a
significant impact on someone’s life. The choice for our
statistical framework to determine mediation effects was
guided by the question on the moderating role of educa-
tion in the relationship between shift work, unhealthy
behavior and perceived health. Stratified analyses in low
and high educated workers were not feasible due to lim-
ited statistical power, which may have implications for
tests of mediation in each subgroup [48]. The moderated
mediation framework was applied and this approach
uses the product of coefficients method to calculate in-
direct effects [48]. The product of coefficients method
has been criticized because of the assumption that no
significant interaction exists between the independent
variable and the mediator [49], in our study between
shift work and unhealthy behavior in the relationship
with perceived health. For this reason, we tested inter-
action effects of shift work and unhealthy behaviors,
which turned out to be non-significant (p > 0.10).

The choices we made in categorizing lifestyle expo-
sures, which were based on public health recommenda-
tions [35, 37], may have implications for our findings.
With regard to alcohol consumption, a cut-off for safe
alcohol consumption was used. This may have caused an
underestimation of a potential association between shift
work and more harmful alcohol consumption. Also the
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findings for overweight using a cut-off of >25 kg/m?* may
underestimate the association between shift work and
more serious overweight or obesity, since other studies
reported a stronger association with obesity [50]. A sen-
sitivity analysis on our data showed that shift work was
not statistically significantly associated with obesity,
therefore a mediation analysis for obesity would not
have been warranted. A final point of discussion is that
our sample of shift workers seemed to be rather healthy,
or very similar to day workers. This finding can probably
be attributed to the healthy worker effect, those shift
workers who experience the fewest health problems in
general and health problems in doing shift work in par-
ticular, are most likely to remain in the shift work popu-
lation [51] and this may have to some degree influenced
our results.

Conclusions

No statistically significant effects were found of shift
work on mental health and physical functioning. Medi-
ation effects of overweight, smoking and physical in-
activity were shown but these were very small. As the
evidence for a link between shift work and poor health
outcomes is increasing, future research should further
investigate the role of unhealthy behaviors as mediator

of the relationship between shift work and perceived
health.

Abbreviations
BMI: Body Mass Index; SF-36: 36-item Short Form Health Survey; MHI-5: 5-
item Mental Health Inventory; GEE: Generalized Estimating Equations

Acknowledgements

The authors would like to thank all participants of the Doetinchem Cohort
Study. We would also like to thank the epidemiologists and fieldworkers of
the Municipal Health Service in Doetinchem for their contribution to the
data collection for this study.

Authors’ contributions

KIP, SJWR, SHO participated in the conceptual development and study
design. EJ and HB analysed the data and all authors contributed to the
interpretation of the results. £J, KIP and SHO drafted the manuscript and
SIWR, WMMV, HSJP, HB and JLDS commented and revised the manuscript.
All authors read and approved the final manuscript.

Funding

This study was financed by The Netherlands Organisation for Health
Research and Development (ZonMw 531001412). The Doetinchem Cohort
Study was financially supported by the Ministry of Health, Welfare and Sport
of the Netherlands and the Dutch National Institute for Public Health and
the Environment. The funding bodies played no role in the design of the
study and collection, analysis, and interpretation of data and in writing the
manuscript.

Availability of data and materials

Due to ethical restrictions related to participant consent, all relevant data are
available upon request to the principal investigator of the Doetinchem
Cohort Study: professor WMM Verschuren (email: monique.verschuren@rivm.
nl). More information can be found at: https://www.rivm.nl/doetinchem-
cohort-studie/onderzoekers/aanvraag-gegevens-dcs.


mailto:monique.verschuren@rivm.nl
mailto:monique.verschuren@rivm.nl
https://www.rivm.nl/doetinchem-cohort-studie/onderzoekers/aanvraag-gegevens-dcs
https://www.rivm.nl/doetinchem-cohort-studie/onderzoekers/aanvraag-gegevens-dcs

Proper et al. BMC Public Health (2021) 21:1300

Declarations

Ethics approval and consent to participate

The protocols for subsequent rounds were approved by the Medical Ethical
Committee of TNO (rounds 2 and 3), respectively the Medical Ethical
Committee of University Medical Center Utrecht (rounds 4 and 5). All
participants provided written informed consent. No additional ethics
approval was needed to access the raw data for this particular research
question.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Centre for Nutrition, Prevention and Health Services, National Institute for
Public Health and the Environment, P.O. Box 1, 3720 BA Bilthoven, the
Netherlands. “Department of Public and Occupational Health, Amsterdam
Public Health Research Institute, Amsterdam UMC, Amsterdam, The
Netherlands. *Department of Public Health, Erasmus Medical Center,
Rotterdam, the Netherlands. “Division of Human Nutrition, Wageningen
University, Wageningen, the Netherlands. ®Julius Center for Health Sciences
and Primary Care, University Medical Center Utrecht, Utrecht, the
Netherlands.

Received: 17 March 2020 Accepted: 21 June 2021
Published online: 02 July 2021

References

1. Eurofound. Sixth European Working Conditions Survey — Overview report
(2017 update). Luxembourg: Publications Office of the European Union; 2017.

2. Smith MR, Eastman Cl. Shift work: health, performance and safety problems,
traditional countermeasures, and innovative management strategies to
reduce circadian misalignment. Nat Sci Sleep. 2012;4:111-32. https://doi.
0rg/10.2147/NSS.S10372.

3. Lin X, Chen W, Wei F, Ying M, Wei W, Xie X. Night-shift work increases
morbidity of breast cancer and all-cause mortality: a meta-analysis of 16
prospective cohort studies. Sleep Med. 2015;16(11):1381-7. https.//doi.org/1
0.1016/jsleep.2015.02.543.

4. Puttonen S, Harma M, Hublin C. Shift work and cardiovascular disease -
pathways from circadian stress to morbidity. Scand J Work Environ Health.
2010;36(2):96-108. https://doi.org/10.5271/sjweh.2894.

5. Vyas MV, Garg AX, lansavichus AV, Costella J, Donner A, Laugsand LE, et al.
Shift work and vascular events: systematic review and meta-analysis. BMJ.
2012;345(jul26 1):24800. https://doi.org/10.1136/bmj.e4800.

6. Nea FM, Kearney J, Livingstone MB, Pourshahidi LK, Corish CA. Dietary and
lifestyle habits and the associated health risks in shift workers. Nutr Res Rev.
2015;28(2):143-66. https://doi.org/10.1017/5S095442241500013X.

7. Gerber M, Hartmann T, Brand S, Holsboer-Trachsler E, Piihse U. The
relationship between shift work, perceived stress, sleep and health in Swiss
police officers. J Crim Just. 2010;38(6):1167-75. https://doi.org/10.1016/j.
jcrimjus.2010.09.005.

8. Jung J, Kim G, Kim K, Paek D, Cho SI. Association between working time
quality and self-perceived health: analysis of the 3rd Korean working
conditions survey (2011). Ann Occup Environ Med. 2017;29(1):55. https://doi.
0rg/10.1186/540557-017-0211-y.

9. Kawabe Y, Nakamura Y, Kikuchi S, Suzukamo Y, Murakami Y, Tanaka T, et al.
Relationship of type of work with health-related quality of life. Qual Life Res.
2015,24(12):2927-32. https://doi.org/10.1007/511136-015-1024-5.

10. Kim W, Kim TH, Lee TH, Choi JW, Park EC. The impact of shift and night
work on health related quality of life of working women: findings from the
Korea health panel. Health Qual Life Outcomes. 2016;14(1):162. https://doi.
0rg/10.1186/512955-016-0564-x.

11, Bara AC, Arber S. Working shifts and mental health—findings from the British
household panel survey (1995-2005). Scand J Work Environ Health. 2009;
35(5):361-7. https://doi.org/10.5271/sjweh.1344.

12. Barnes-Farrell JL, Davies-Schrils K, McGonagle A, Walsh B, Milia LD, Fischer
FM, et al. What aspects of shiftwork influence off-shift well-being of

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 8 of 9

healthcare workers? Appl Ergon. 2008,;39(5):589-96. https://doi.org/10.1016/
j.apergo.2008.02.019.

Cheng WJ, Cheng Y. Night shift and rotating shift in association with sleep
problems, burnout and minor mental disorder in male and female employees.
Occup Environ Med. 2017;74(7):483-8. https//doi.org/10.1136/0emed-2016-103898.
Nabe-Nielsen K, Garde AH, Albertsen K, Diderichsen F. The moderating
effect of work-time influence on the effect of shift work: a prospective
cohort study. Int Arch Occup Environ Health. 2011;84(5):551-9. https.//doi.
0rg/10.1007/500420-010-0592-5.

Berthelsen M, Pallesen S, Bjorvatn B, Knardahl S. Shift schedules, work
factors, and mental health among onshore and offshore workers in the
Norwegian petroleum industry. Ind Health. 2015;53(3):280-92. https://doi.
0rg/10.2486/indhealth.2014-0186.

Soric M, Golubic R, Milosevic M, Juras K, Mustajbegovic J. Shift work, quality
of life and work ability among Croatian hospital nurses. Coll Antropol. 2013;
37(2):379-84.

Kaplan GA, Goldberg DE, Everson SA, Cohen RD, Salonen R, Tuomilehto J,
et al. Perceived health status and morbidity and mortality: evidence from
the Kuopio ischaemic heart disease risk factor study. Int J Epidemiol. 1996;
25(2):259-65. https://doi.org/10.1093/ije/25.2.259.

Antunes LC, Levandovski R, Dantas G, Caumo W, Hidalgo MP. Obesity and
shift work: chronobiological aspects. Nutr Res Rev. 2010;23(1):155-68.
https://doi.org/10.1017/50954422410000016.

Fritschi L, Glass DC, Heyworth JS, Aronson K, Girschik J, Boyle T, et al.
Hypotheses for mechanisms linking shiftwork and cancer. Med Hypotheses.
2011;77(3):430-6. https://doi.org/10.1016/j.mehy.2011.06.002.

Merkus SL, Holte KA, Huysmans MA, van Mechelen W, van der Beek AJ.
Nonstandard working schedules and health: the systematic search for a
comprehensive model. BMC Public Health. 2015;15(1):1084. https://doi.org/1
0.1186/512889-015-2407-9.

Moreno CRC, Marqueze EC, Sargent C, Wright KP Jr, Jr, Ferguson SA, Tucker
P. Working time society consensus statements: evidence-based effects of
shift work on physical and mental health. Ind Health. 2019;57(2):139-57.
https://doi.org/10.2486/indhealth.SW-1.

Peplonska 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. 2014,27(5):693-706. https://doi.org/10.2478/
$13382-014-0298-0.

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;12(2):200-7. https://
doi.org/10.1123/jpah.2013-0098.

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;74(5):328-35.
https://doi.org/10.1136/0emed-2016-103878.

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;44(3):265-73. https://doi.org/10.5271/sjweh.3709.
Frost P, Kolstad HA, Bonde JP. Shift work and the risk of ischemic heart
disease - a systematic review of the epidemiologic evidence. Scand J Work
Environ Health, 2009;35(3):163-79. https://doi.org/10.5271/sjweh.1319.
Dieker AC, W 1J, Proper KI, Burdorf A, Ket JC, van der Beek AJ, et al. The
contribution of work and lifestyle factors to socioeconomic inequalities in
self-rated health a systematic review. Scand J Work Environ Health. 2018;
45(2):114-25. https://doi.org/10.5271/sjweh.3772.

Picavet HSJ, Blokstra A, Spijkerman AMW, Verschuren WMM. Cohort Profile
Update: The Doetinchem Cohort Study 1987-2017: lifestyle, health and
chronic diseases in a life course and ageing perspective. Int J Epidemiol.
2017;46(6):1751-g.

Verschuren WM, Blokstra A, Picavet HS, Smit HA. Cohort profile: the
Doetinchem cohort study. Int J Epidemiol. 2008;37(6):1236-41. https://doi.
0rg/10.1093/ije/dym292.

Van der Zee KI, Sanderman R. Measuring the general health with the RAND-
36: a guide [In Dutch: Het meten van de algemene gezondheidstoestand
met de RAND-36: een handleiding]. Groningen: Noordelijk Centrum voor
Gezondheidsvraagstukken; 2012.

Ware JE, Sherbourne CD. The MOS 36-item Short-form health survey (SF-36). Med
Care. 1992;30(6):473-83. httpsy//doi.org/10.1097/00005650-199206000-00002.
Rumpf H, Meyer C, Hapke U, John U. Screening for mental health: validity of
the MHI-5 using DSM-IV Axis | psychiatric disorders as gold standard.


https://doi.org/10.2147/NSS.S10372
https://doi.org/10.2147/NSS.S10372
https://doi.org/10.1016/j.sleep.2015.02.543
https://doi.org/10.1016/j.sleep.2015.02.543
https://doi.org/10.5271/sjweh.2894
https://doi.org/10.1136/bmj.e4800
https://doi.org/10.1017/S095442241500013X
https://doi.org/10.1016/j.jcrimjus.2010.09.005
https://doi.org/10.1016/j.jcrimjus.2010.09.005
https://doi.org/10.1186/s40557-017-0211-y
https://doi.org/10.1186/s40557-017-0211-y
https://doi.org/10.1007/s11136-015-1024-5
https://doi.org/10.1186/s12955-016-0564-x
https://doi.org/10.1186/s12955-016-0564-x
https://doi.org/10.5271/sjweh.1344
https://doi.org/10.1016/j.apergo.2008.02.019
https://doi.org/10.1016/j.apergo.2008.02.019
https://doi.org/10.1136/oemed-2016-103898
https://doi.org/10.1007/s00420-010-0592-5
https://doi.org/10.1007/s00420-010-0592-5
https://doi.org/10.2486/indhealth.2014-0186
https://doi.org/10.2486/indhealth.2014-0186
https://doi.org/10.1093/ije/25.2.259
https://doi.org/10.1017/S0954422410000016
https://doi.org/10.1016/j.mehy.2011.06.002
https://doi.org/10.1186/s12889-015-2407-9
https://doi.org/10.1186/s12889-015-2407-9
https://doi.org/10.2486/indhealth.SW-1
https://doi.org/10.2478/s13382-014-0298-0
https://doi.org/10.2478/s13382-014-0298-0
https://doi.org/10.1123/jpah.2013-0098
https://doi.org/10.1123/jpah.2013-0098
https://doi.org/10.1136/oemed-2016-103878
https://doi.org/10.5271/sjweh.3709
https://doi.org/10.5271/sjweh.1319
https://doi.org/10.5271/sjweh.3772
https://doi.org/10.1093/ije/dym292
https://doi.org/10.1093/ije/dym292
https://doi.org/10.1097/00005650-199206000-00002

Proper et al. BMC Public Health

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

(2021) 21:1300

Psychiatry Res. 2001;105(3):243-53. https//doi.org/10.1016/50165-1781(01)0032
9-8.
Stevens RG, Hansen J, Costa G, Haus E, Kauppinen T, Aronson KJ, et al.

Considerations of circadian impact for defining 'shift work' in cancer studies:

IARC working group report. Occup Environ Med. 2011;68(2):154-62. https://
doi.org/10.1136/0em.2009.053512.
Hulsegge G, Picavet HSJ, van der Beek AJ, Verschuren WMM, Twisk JW,

Proper KI. Shift work, chronotype and the risk of cardiometabolic risk factors.

Eur J Public Health. 2018;29(1):128-34. https://doi.org/10.1093/eurpub/
cky092.

Gezondheidsraad. Richtlijnen goede voeding 2015. Den Haag:
Gezondheidsraad; 2015. Report No.: 2015/24.

Pols MA, Peeters PHM, Ocké MC, Slimani N, Bueno-De-Mesquita HB, Collette
HJA. Estimation of reproducibility and relative validity of the questions
included in the epic physical activity questionnaire.Pdf>. Int J Epidemiol.
1997,26(Suppl. 1):5181-S9. https.//doi.org/10.1093/ije/26.suppl _1.5181.
Kemper H, Ooijendijk W, Stiggelbout M. Consensus over de Nederlandse
norm voor gezond bewegen. Tijdschrift voor gezondheidswetenschappen.
2000;78(3):180-3.

Picavet HS, Wendel-vos GC, Vreeken HL, Schuit AJ, Verschuren WM. How
stable are physical activity habits among adults? The Doetinchem cohort
study. Med Sci Sports Exerc. 2011;43(1):74-9. https://doi.org/10.1249/MSS.
0b013e3181e57a6a.

Edwards JR, Schurer LL. Methods for integrating moderation and mediation:
a general analytical framework using moderated path analysis. Psychol
Methods. 2007;12(1):1-22. https.//doi.org/10.1037/1082-989X.12.1.1.
MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annu Rev Psychol.
2007;58(1):593-614. https://doi.org/10.1146/annurev.psych.58.110405.085542.
Zhao X, Lynch JG, Chen Q. Reconsidering baron and Kenny: myths and
truths about mediation analysis. J Consum Res. 2010;37(2):197-206. https://
doi.org/10.1086/651257.

Shrout PE, Bolger N. Mediation in experimental and nonexperimental

studies: new procedures and recommendations. Psychol Methods. 2002;7(4):

422-45. https://doi.org/10.1037/1082-989X.7.4.422.

Rucker DD, Preacher KJ, Tormala ZL, Petty RE. Mediation analysis in social
psychology: current practices and new recommendations.pdf>. Social and
Personality Psychology Compass. 2011,5/6:359-71.

Wyse CA, Celis Morales CA, Graham N, Fan Y, Ward J, Curtis AM, et al.
Adverse metabolic and mental health outcomes associated with shiftwork
in a population-based study of 277,168 workers in UK biobank<sup/>. Ann
Med. 2017;49(5):411-20. https://doi.org/10.1080/07853890.2017.1292045.
Proper KI, van de Langenberg D, Rodenburg W, Vermeulen RCH, van der
Beek AJ, van Steeg H, et al. The relationship between shift work and
metabolic risk factors: a systematic review of longitudinal studies. Am J Prev
Med. 2016;50(5):.e147-e57. https.//doi.org/10.1016/j.amepre.2015.11.013.
Hulsegge G, Proper Kl, Loef B, Paagman H, Anema JR, van Mechelen W. The
mediating role of lifestyle in the relationship between shift work, obesity
and diabetes. Int Arch Occup Environ Health. 2021. https://doi.org/10.1007/
500420-021-01662-6.

Loef B, van der Beek AJ, Hulsegge G, van Baarle D, Proper KI. The mediating
role of sleep, physical activity, and diet in the association between shift
work and respiratory infections. Scand J Work Environ Health. 2020;46(5):
516-24. https;//doi.org/10.5271/sjweh.3896.

Edwards JR, Schurer LL. Supplemental material for methods for integrating
moderation and mediation: a general analytical framework using
moderated path analysis. Psychol Methods. 2007;12(1):1-22. https://doi.
0rg/10.1037/1082-989X.12.1.1.

Sheikh MA, Abelsen B, Olsen JA. Education and health and well-being:
direct and indirect effects with multiple mediators and interactions with
multiple imputed data in Stata. J Epidemiol Community Health. 2017;71(11):
1037-45. https://doi.org/10.1136/jech-2016-208671.

Sun M, Feng W, Wang F, Li P, Li Z, Li M, et al. Meta-analysis on shift work
and risks of specific obesity types. Obes Rev. 2018;19(1):28-40. https://doi.
org/10.1111/0br.12621.

Knutsson A. Methodological aspects of shift-work research. Chronobiol Int.
2004;21(6):1037-47. https://doi.org/10.1081/CBI-200038525.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1016/S0165-1781(01)00329-8
https://doi.org/10.1016/S0165-1781(01)00329-8
https://doi.org/10.1136/oem.2009.053512
https://doi.org/10.1136/oem.2009.053512
https://doi.org/10.1093/eurpub/cky092
https://doi.org/10.1093/eurpub/cky092
https://doi.org/10.1093/ije/26.suppl_1.S181
https://doi.org/10.1249/MSS.0b013e3181e57a6a
https://doi.org/10.1249/MSS.0b013e3181e57a6a
https://doi.org/10.1037/1082-989X.12.1.1
https://doi.org/10.1146/annurev.psych.58.110405.085542
https://doi.org/10.1086/651257
https://doi.org/10.1086/651257
https://doi.org/10.1037/1082-989X.7.4.422
https://doi.org/10.1080/07853890.2017.1292045
https://doi.org/10.1016/j.amepre.2015.11.013
https://doi.org/10.1007/s00420-021-01662-6
https://doi.org/10.1007/s00420-021-01662-6
https://doi.org/10.5271/sjweh.3896
https://doi.org/10.1037/1082-989X.12.1.1
https://doi.org/10.1037/1082-989X.12.1.1
https://doi.org/10.1136/jech-2016-208671
https://doi.org/10.1111/obr.12621
https://doi.org/10.1111/obr.12621
https://doi.org/10.1081/CBI-200038525

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Perceived health
	Shift work
	Body mass index and unhealthy behavior
	Educational level
	Statistical analyses

	Results
	Mental health
	Physical health

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

