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Abstract

Purpose This study aimed to investigate changes in physical work demands in association with self-rated health and mus-
culoskeletal symptoms.

Methods Data from five waves over the period 2019-2021 of the Netherlands Working Conditions Survey COVID-19 were
available for 7191 participants aged 19-64 years who worked (partly) on-site during at least two consecutive waves. Logistic
generalized estimated equations (GEE) were used to estimate the odds ratios (OR) with 95% confidence interval (CI) for
changes (increase or decrease compared to no change) in physical work demands between two waves and poor self-rated
health and musculoskeletal symptoms in the following wave, adjusted for the health outcome at the first wave, age, educa-
tional level, working hours and hours worked from home.

Results In females, a statistically significant association was found between an increase in physical work demands compared
to no change and musculoskeletal symptoms (OR 1.39,95% CI 1.17-1.65). A decrease in physical work demands in females
was not statistically significantly associated with musculoskeletal symptoms (OR 0.93, 95% CI 0.80-1.08). Similar trends
were found for poor self-rated health, although non-statistically significant. For males, comparable but attenuated associa-
tions were found.

Conclusion While our study showed that increasing physical work demands are associated with adverse health (self-reported
and musculoskeletal), it did not appear to benefit worker’s health to reduce work demands. Future research with multiple
measurements in a shorter period and additionally using devices to measure physical work demands will be needed to con-
firm our study results.
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Introduction

Workers exposed to physical work demands are more likely
to report health problems than workers with mainly seden-
tary tasks (Ménty et al. 2022; Taimela et al. 2007). Physical
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work demands such as excessive repetition, heavy lifting and
awkward postures are associated with an increased risk for
musculoskeletal disorders (da Costa and Vieira 2010). For
example, standing for long periods is associated with mus-
culoskeletal disorders in feet, legs, hips and the lower back
(Waters and Dick 2015). Also, heavy lifting and awkward
postures, often apparent in physically demanding jobs, seem
to play a major role in the development of work-related mus-
culoskeletal disorders (da Costa and Vieira 2010). Higher
physical work demands have also shown to be associated
with other health problems including poor self-rated health
(Proper et al. 2020), ischemic heart disease (Holtermann
et al. 2009), atherosclerosis (Krause et al. 2007) and all-
cause mortality in males (Coenen et al. 2018). Moreover,
the negative consequences of high physical work demands
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resulted in a shortened working life, sickness absence and
unemployment (Pedersen et al. 2020).

To date, most evidence on studies linking physical work
demands with health outcomes are assessing the associa-
tion of an exposure at baseline with outcomes after a fol-
low up period (Cillekens et al. 2022). These associations
between physical work demands and health outcomes are
often based on a long-follow up period from years to even
decades (Coenen et al. 2018; Holtermann et al. 2009). A
baseline work demand as a predictor of an health outcome,
assumes that physical work demands do not change during
the follow up period. However, this is often not the case as
people can change jobs and/or their work tasks can change
in intensity during the course of a career (Akerstedt et al.
2019), or across seasons (Grzywiriski et al. 2022), work-
weeks or days (Sandlund et al. 2017).

Overall, most jobs have become less physically demand-
ing in the last decades (Akerstedt et al. 2019; Straker and
Mathiassen 2009) through, for example, mechanization
(Burdorf et al. 2007) or ergonomic innovations (Das et al.
2021). A repeated cross sectional study in the Netherlands
showed that the mean physical work demand score (range
0-4) was 2.1 among a cohort 1993, and this decreased to 1.7
in 2003 and even to 1.4 in 2013 (van der Noordt et al. 2019).
An example of a job changing in physical work demands
was the Swedish forestry sector, where lumberjacks heavy
working tasks (timber cutting and loading load) have mostly
been replaced by forestry machines (Straker and Mathiassen
2009). Despite this, there is still a substantial proportion of
the working population who are regularly exposed to high
physical work demands (Venema 2020).

To get a better understanding of the impact of physi-
cal work demands, the role of changes in exposure level
on worker’s health needs to be investigated. To date, only
a few studies have investigated the association of changes
in physical work demands on health and work participa-
tion (Badarin et al. 2022; Saastamoinen et al. 2014; van de
Ven et al. 2022). Van de Ven et al. (2022) showed that in a
sample of Dutch workers aged 45 and older, a decrease in
physical work demands was associated with an improved
work ability and self-rated health in the same year. They
also showed that an increase in physical work demands was
associated with a decreased work ability and adverse health
(van de Ven et al. 2022). Similarly, a study among municipal
employees in Helsinki aged 40—60 years found that reducing
physical working conditions was followed by a lowered risk
for sickness absence one year later, while an increase in this
exposure was followed by an increased risk (Saastamoinen
et al. 2014). Another study, in which over 300,000 workers
were surveyed in Sweden with physically demanding jobs,
showed that a change into lower physical work demands was
associated with a reduced risk of all-cause and musculoskel-
etal disability pension for both genders (Badarin et al. 2022).
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Based on the limited evidence on associations of changes
in physical work demands and health, in the current study
we will contribute to the literature in several ways. Firstly,
we will examine the topic among a broad sample of work-
ers, rather than focusing solely on older workers or those in
specific sectors. Secondly, given the gender-specific associa-
tions between physical work demands and health outcomes
(Badarin et al. 2022; Cillekens et al. 2022; Guettler 2023;
Serna Arnau et al. 2023), we will also investigate potential
gender differences in the association of changes in physical
work demands on health. Thirdly, we will assess the associa-
tion of changes in physical work demands on health within
a relatively short time period (6 months) as we hypothesize
that changes in physical work demands will result in acute
changes in health. Therewith, the insights of our study will
contribute to the development of future recommendations
and interventions regarding how to prevent adverse health
outcomes and potentially improve the health of workers in
jobs with varying physical work demands. Therefore, the
aim of our study is to examine the associations of within
individual changes in physical work demands with self-rated
health and musculoskeletal symptoms in Dutch workers,
stratified by gender.

Method
Study design

This cohort study is embedded within ‘the Nether-
lands Working Conditions Survey COVID-19° (NWCS-
COVID-19), which is an ongoing follow up study of the
annual NWCS 2019 (Hooftman et al.2020) that has exten-
sively been described elsewhere (Oude Hengel et al. 2022).
The cohort study was set out amongst Dutch workers
between the age of 15 and 74 years and aimed to provide
an insight into—among others—their working conditions
and health over the period 2019-2021. For the NWCS-
COVID-19 study, a group of 26,334 participants of the
NWCS 2019 that gave permission to be approached again
were asked to participate in the study in November 2019
(wave 1). The second measurement took place in July 2020
(wave 2); the third measurement took place in November
2020 (wave 3), the fourth in March 2021 (wave 4) and the
fifth in November—December 2021 (wave 5). The study fol-
lowed all recommendations with regard to ethical aspects,
including an informed consent procedure after inform-
ing patients with an information letter. The TNO Internal
Review Board approved the study and assessed the NWCS-
COVID-19 cohort study as not being subject to the require-
ments of the Medical Research (Human Subjects) Act (ID
number: 2019-061 for Wave 1; ID number: 2020-057 for
Wave 2—4; ID number: 2021-101 for Wave 5). Other than
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wave 1, the rest of the measurements took place during the
COVID-19 pandemic, in which the governmental measures
to reduce the spread of the Sars-Cov-2 infections varied.
During wave 2, the governmental measures were just relaxed
(e.g., primary schools, day care and all occupational sectors
were open). Wave 3 took place when the number of infec-
tions and hospitalizations were on a rise again, non-essential
shops had restricted opening hours, and the restaurants, bars
and entertainment industry were closed. During wave 4,
on top of aforementioned restrictions, non-essential shops
were only open upon appointment and there was an evening
curfew. Also in this period, the vaccination campaign had
started for essential workers and older workers. After a sum-
mer of relaxation of many regulations, more governmental
measures (e.g., restaurants were closed) were taken again
during wave 5.

Study sample

Dutch workers aged 19-64 years at wave 1 were included
in our study. To investigate the changes in physical work
demands within participants, data on at least two consecu-
tive measurements with data on exposure and outcomes were
required (n=15,720). As physical work demands were not
measured in participants exclusively working from home
or when temporarily unemployed, observations from such
workers and their following observations were excluded
(n=28126). In total, the study consists of a study sample of
7191 workers with information from on average 3.2 waves

(Fig. 1).
Physical work demands

Physical work demands were measured using four differ-
ent questions: ‘Does the work you perform require using
a lot of force?’, ‘Do you use a tool, device or vehicle that
causes vibrations or shaking?’, ‘Do you perform work in
an uncomfortable position?’ and ‘Does your work require
repeated movements?’ All questions could be answered with
‘yes, regularly’, ‘yes, sometimes’ and ‘no’. Answering option
‘no’” was scored a 1, ‘yes, sometimes’ a 2 and ‘yes regularly’
a 3. The mean score of the four items was calculated for
each participant for each wave, resulting in a score ranging
between 1 and 3. The Cronbach’s alpha for all questions
measuring physical work demands was 0.78, indicating suffi-
cient internal consistency across the four questions (Tavakol
and Dennick 2011). At wave 1, participants were catego-
rized into low (score: 1.00—1.74) and high physical work
demands (score 1.75-3.00). For sensitivity analyses, the var-
iable was categorized into: low (score 1.00-1.50), moderate
(1.51-2.25) and high physical work demands (2.26-3.00).
For every two consecutive waves, for each participant, the
change in physical work demands was calculated between

the measurement (7,) and the following measurement (T, ).
The scores varied between — 2 (largest decrease in physical
work demands possible; i.e., changing from 3 to 1) and 2
(largest increase in physical work demands possible; i.e.,
changing from 1 to 3). Due to a non-linear association that
we observed between change in physical work demands
and both self-rated health and musculoskeletal symp-
toms, the independent variable was treated as categorical
variable with three categories: no change in physical work
demands (change score between — 0.25 and 0.25), decrease
in physical work demands (change scores < — 0.25) and
increase in physical work demands (change score > 0.25).
Scores < — 0.25 or>0.25 represent at least one category
change in any of the four questions on physical work
demands. These arbitrary cut-off points were choses to
make sure that all groups contained sufficient numbers of
participants.

Musculoskeletal symptoms

Musculoskeletal symptoms consisted of one question
with multiple items. The main question was: ‘In the past
12 months (wave 1)/past three months (waves 2-5), have
you suffered from pain, discomfort in your...?" Participants
could answer this question for the following body parts: (i)
arms, elbows, shoulders, or neck, (ii) wrists or hands, (iii)
back, and (iv) hips, legs, knees or feet. The five answering
options were ‘No, never’, ‘Once in a while, but not for long’,
‘Once in a while, but long-lasting’, ‘Multiple times, but not
for long” and ‘Multiple times, long-lasting’. If the participant
answered all items with ‘no, never’ or ‘once in a while, but
not for long’, the participant was categorized as having no
musculoskeletal symptoms. Others were categorized as hav-
ing musculoskeletal symptoms.

Self-rated health

Self-rated health was assessed using one question: ‘How
is your health in general?’ Participants could answer the
question with: ‘Excellent’, ‘Good’, ‘Fair’, ‘Poor’ and ‘Very
poor’. Self-rated health is a strong predictor for morbidity
and mortality (17). Self-rated health was dichotomized as
good health (good/excellent) and poor (fair/poor/very poor)
self-rated health.

Covariates

Age, educational level, working hours and working
hours from home were included as covariates. Age was
assessed as a categorical variable with five categories
(19-24, 25-34, 35-44, 45-54, and 55-64 years). Edu-
cation level was assessed as the highest level achieved
at wave 1, categorized as: low (intermediate secondary
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Fig. 1 Flowchart of the included

ticipants
participants Participated in Wave 1 and were approached for
follow-up
M=26,337
Did not respond
> M=10,617
h 4
Filled in at least one follow-up measurement
M=15,720
Exclusively working from home or
unemployed
M= 8,162
v
=2 consecutive waves of working on site
M= 7,558
Age < 15 years
N=143
> Age > 64 years
\ J N=116
Age between 15 and 64 years
MN=7,299
Mo data on at least two consecutive
measurements of physical work
$  demands/ self-rated health/
musculoskeletal symptoms
Y N=108

Total participants included
MN=7,121

education or less), intermediate (higher general second-
ary education or intermediate vocational education) or
high (higher vocational education or university). The
number of working hours was a categorical variable
(<9, 9-16, 17-24, 25-32, 33-40,> 40 h per week).
The percentage of hours worked from home was calcu-
lated based on the number of hours worked from home,
divided by the total number of contracted hours per
week and categorized into: < 20%, 20-39%, 40-79%,
and > 80%.
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Statistical analysis

Firstly, descriptive statistics were used to gain insight on
participant characteristics at wave 1. Secondly, we con-
ducted a logistic regression analysis to assess the association
between physical work demands and both self-rated health
and musculoskeletal symptoms at wave 1. As a third step, we
performed a logistic generalized estimating equations (GEE)
model to investigate the associations between a change in
physical work demands (between T, and 7, ,,) and poor
self-rated health and musculoskeletal symptoms (7, ). An
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exchangeable correlation structure was chosen after analyz-
ing the observed correlation structures separately between
waves. To test for multicollinearity between all included var-
iables, a variance inflation factor (VIF) test was performed
using a cut-off value of below 5.0 (Midi et al. 2010). Since
all scores were found to be below 5.0, all covariates could
be included in our analysis.

For both the logistic regressions and the GEE models, we
firstly investigated the association between (change in) phys-
ical work demands and self-rated health and musculoskel-
etal symptoms in model 1. As the odds for poor self-rated
health and having musculoskeletal symptoms measurements
highly depended on previous musculoskeletal symptoms and
self-rated health status, values of these outcomes at wave 1
were included in all GEE analyses. In model 2 we adjusted
additionally for age and educational level. In model 3, we
additionally adjusted for working hours and hours worked
from home. All analyses were stratified by gender. Analyses
were performed in STATA (version 14).

Results

Slightly more than half of the study sample was female
(56%) and half of them were highly educated (51%; Table 1).
The majority of the workers were >45 years (45-54 years:
26% and 55-64 years: 32%). Female workers tended to
report more often musculoskeletal symptoms (49%) than
males (35%).

Descriptive statistics of the changes of physical work
demands between two consecutive waves are shown in
Table 2. The physical work demands did not change between
two waves for both females and males. For approximately
10% of the females and 11% of the males, a decrease in phys-
ical work demands was found between two waves, while this
was 8% and 11%, respectively, for an increase in physical
work demands between two waves. Online resource 1 pre-
sents an overview of industries in which females and males
worked, stratified by change in physical work demands.

Table 1 Characteristics of

Total, n=7191 Male, n=3168 Female, n=4023
the study sample at wave 1
(n=7191) Age, years (n, %)
19-24 368 (5%) 138 (4%) 230 (6%)
25-34 1157 (16%) 433 (14%) 724 (18%)
35-44 1497 21%) 638 (20%) 859 (21%)
45-54 1898 (26%) 863 (27%) 1035 (26%)
55-64 2271 (32%) 1096 (35%) 1175 (29%)
Highest attained education level (n, %)
Low 687 (10%) 357 (11%) 330 (8%)
Intermediate 2787 (39%) 1376 (44%) 1411 (35%)
High 3688 (51%) 1417 (45%) 2271 (57%)
Working hours per week (mean, SD) 30.3 (10) 35.009) 26.7 (9)
Low physical work demands 4922 (68%) 2056 (65%) 2866 (71)
High physical work demands® (n, %) 2269 (32%) 1112 (35%) 1157 (29%)
Poor self-rated health® (n, %) 1519 21%) 665 (21%) 854 (21%)
Low physical work demands 878 (18%) 350 (17%) 528 (18%)
High® physical work demands 641 (28%) 315 (28%) 326 (28%)
Good self-rated health (n, %) 5672 (79%) 2503 (79%) 3169 (79%)
Low physical work demands 4044 (71%) 1706 (68%) 2338 (74%)
High® physical work demands 1628 (29%) 797 (32%) 831 (26%)
Musculoskeletal symptoms® (n, %) 3109 (43%) 1123 (35%) 1986 (49%)
Low physical work demands 1933 (39%) 636 (31%) 1197 (45%)
High® physical work demands 1176 (52%) 487 (44%) 689 (60%)
No musculoskeletal symptomsc (1, %) 4082 (57%) 2045 (65%) 2037 (51%)
Low physical work demands 2989 (73%) 1420 (69%) 1569 (77%)
High?* physical work demands 1093 (27%) 625 (31%) 468 (23%)

nnumber of participants, SD standard deviation

*High physical work demands means a score of > 1.75

bSelf rated health “fair/poor/very poor’

“When answered ‘yes, regularly’ at least once regarding using force, vibration/shaking, uncomfortable

position or repetitive movements
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Table 2 Descriptive of changes
in physical work demands
between two consecutive waves

No change in physical
work demands

Decrease in physical
work demands

Increase in physi-
cal work demands

Females
Between wave 1 and 2 2530 (78%) 420 (13%) 290 (9%)
Between wave 2 and 3 1625 (85%) 141 (7%) 137 (7%)
Between wave 3 and 4 1446 (86%) 113 (7%) 117 (7%)
Between wave 4 and 5 1071 (86%) 94 (8%) 82 (7%)
Total observations 6672 (83%) 768 (10%) 626 (8%)
Males
Between wave 1 and 2 1974 (76%) 343 (13%) 293 (11%)
Between wave 2 and 3 1078 (81%) 132 (10%) 121 9%)
Between wave 3 and 4 922 (81%) 108 (9%) 113 (10%)
Between wave 4 and 5 720 (79%) 88 (10%) 105 (12%)
Total observations 4694 (78%) 671 (11%) 632 (11%)
nnumber of observations
Table 3 Association between Model 12 Model 2% Model 3¢*
physical work demands and
self-rated and musculoskeletal OR 95% CI OR 95% CI OR 95% CI

health at wave 1, stratified by
gender

Females
Musculoskeletal symptoms (49%)
Low physical work demands (N*=2866, 71%) Ref Ref Ref

High physical work demands (N*=1157,29%) 1.78 1.55-1.79 1.69 1.56-1.83 1.74 1.60-1.89
Poor self-rated health (21%)

Low physical work demands (N*=2866, 71%) Ref Ref Ref

High physical work demands (N*=1157,29%) 1.84 1.67-2.02 1.75 1.58-1.93 1.75 1.57-1.94

Males

Musculoskeletal symptoms (35%)

Low physical work demands (N*=2056, 65%) Ref Ref Ref

High physical work demands (N*=1112,35%) 1.90 1.74-2.07 1.98 1.80-2.18 2.04 1.84-2.25
Poor self-rated health (21%)

Low physical work demands (N*=2056, 65%) Ref Ref Ref

High physical work demands (N*=1112,35%) 1.74 1.57-1.93 1.57 1.40-1.76 1.65 1.47-1.87

OR odds ratio, CIconfidence interval

*Number of participants in model 2 and 3 is lower, because of missing data on educational level (N=22),
working hours (N =24) hours worked from home (N=230)

*Unadjusted
®Adjusted for age and education level

°Adjusted for age, education level, working hours and hours worked from home

Associations of physical work demands
and musculoskeletal symptoms and self-rated
health at wave 1

At wave 1, the logistic regression models showed that for
both female (OR 1.74, 95% CI 1.60-1.89 for model 3)
and male workers (OR 2.04, 95% 1.84-2.25) high physical
work demands were significantly associated with a higher
odds of musculoskeletal symptoms compared to workers
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with low physical work demands (Table 3). Similar asso-
ciations were found for poor self-rated health. Females
(OR 1.75,95% CI 1.57-1.94) and males (OR 1.65, 95% CI
1.47-1.87) with high physical work demands had a higher
odds of poor self-rated health compared to workers with
low physical work demands. Sensitivity analyses showed
the same pattern when analyzing three groups of physi-
cal work demands using different cut-off values (Online
Resource 2).
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Table 4 Associations between increases and decreases in physical work demands and musculoskeletal symptoms and poor self-rated health com-
pared to no change in physical work demands among Dutch workers

Model 1? Model 2° Model 3
OR 95% CI Preva- OR 95%CI Preva- OR 95%CI  Preva-
lence (%)¢ lence (%)¢ lenc (%)e?
Physical work demands
Females
Musculoskeletal Decrease 0.94 0.81-1.08 40.7 0.93 0.80-1.08 40.7 0.93 0.80-1.08 40.8
symptoms No change Ref 42.1 Ref 42.3 Ref 42.3
Increase 1.40 1.19-1.66 49.1 1.38  1.17-1.63 489 1.39 1.17-1.65 49.2
Poor self-rated Decrease 1.01 0.83-1.23 16.3 0.98 0.80-1.20 13.8 0.99 0.80-1.21 14.0
health No change Ref 162 Ref 15.9 Ref 157
Increase 1.26 1.01-1.56 18.7 1.23  0.98-1.53 17.1 1.24 0.99-1.56 17.1
Males
Musculoskeletal Decrease 1.02 0.86-1.22 30.3 1.01 0.85-1.20 30.1 1.00 0.83-1.19 30.0
symptoms No change Ref 29.9 Ref 30.0 Ref 29.9
Increase 1.19 0.99-1.43 33.1 1.16 0.97-1.40 32.7 1.15 0.95-1.39 324
Poor self-rated Decrease 0.84 0.68-1.05 14.1 0.81 0.65-1.00 13.8 0.84 0.67-1.05 14.0
health No change Ref 15.8 Ref 159 Ref 157
Increase 1.17 0.92-1.48 17.5 1.12  0.88-1.42 17.1 1.14 0.89-1.45 17.1

OR odds ratio, CI confidence interval

*Number of observations: Model 1: females (7997), males (5944). Model 2: females (7976), males (5915). Model 3: females (7803), males

(5750)

#Adjusted for musculoskeletal symptoms or self-rated poor health in the first wave

® Additionally adjusted for age and education level
¢Additionally adjusted for working hours and hours worked from home
4Margins 95% CI can be found in Online Resource 4

Changes in physical work demands
and musculoskeletal symptoms

Across all models, a statistically significant association
was found between an increase in physical work demands
between two waves and a higher risk of musculoskeletal
symptoms compared to no change in physical work demands
for females (OR 1.39, 95% CI 1.17-1.65 for model 3;
Table 4). A decrease in physical work demands in females
was not significantly associated with musculoskeletal symp-
toms compared to no change in physical work demands (OR
0.93, 95% CI 0.80—1.08). For males, similar trends were
found, even though the odds ratios were more attenuated
towards null and not statistically significant for both an
increase and decrease in physical work demands and mus-
culoskeletal symptoms [OR 1.15 (95% CI 0.95-1.39) and
(OR 1.00, 95% CI 0.83-1.19) for model 3, for increasing
and decreasing work demands, respectively].

Changes in physical work demands and self-rated
health

An increase in physical work demands among females was
statistically significantly associated with a higher odds
of poor self-rated health in model 1 (OR 1.26, 95% CI
1.01-1.56), but not in model 2 and 3 (OR 1.24, 95% CI
0.99-1.56; model 3, Table 4). A decrease in physical work
demands was not associated with poor self-rated health in
any of the models (OR 0.99, 95% CI 0.80-1.21 for model
3). For males, no significant associations were found for
either an increase or decrease in physical work demands (OR
1.14,95% CI1 0.89-1.45 and OR: 0.84, 95% CI 0.67-1.05 for
model 3, respectively).

Discussion

For females, an increase in physical work demands was fol-
lowed by a higher odds of musculoskeletal symptoms and
poor self-rated health, even though the latter was not statisti-
cally significant. A decrease in physical work demands was
not associated with either musculoskeletal symptoms or poor
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self-rated health among females. While similar patterns for
all outcomes were found for males, none of the associations
were statistically significant.

In line with previous studies investigating the associa-
tion between an increase in physical work demands and
self-rated health (van de Ven et al. 2022) and sickness
absence (Saastamoinen et al. 2014), we found associations
between an increase in physical work demands and poor
health and musculoskeletal symptoms, especially among
female. However, our study did not find a beneficial health
effect of a decrease in physical work demands, which is
contrary to the findings of these two studies and to a study
among workers with heavy physical workloads conducted
in Sweden (Badarin et al. 2022). It is important to note that
there are differences in follow-up period, study sample, and
methods between our study and previous studies. Regarding
the follow-up period, our study investigated changes over a
period of approximately six months, while the other stud-
ies used longer follow-up periods between one and three
years. A shorter follow-up time in studies can be considered
a strength because it allows for a closer temporal association
between the exposure and outcome (Schram et al. 2020), and
reduces the likelihood that other factors, such as changes in
lifestyle or development of other health conditions, may have
influenced the association (Andersen 2004). On the other
hand, a longer interval between measurements can provide
a more comprehensive picture of the impact of changes in
physical work demands on health outcomes, as it allows for
a longer period of time for any changes to occur and for
potential long-term effects to become apparent.

Regarding the study sample, our study consisted of a
sample from a general working population from all ages
while previous studies consisted of older workers starting
from 40 years of age (Badarin et al. 2022; Saastamoinen
et al. 2014; van de Ven et al. 2022). Older workers might
have a higher chance of developing adverse health outcomes
(Rodgers et al. 2019; Safiri et al. 2021). In addition, while
aging workers might gradually decline in their cardiovascu-
lar and musculoskeletal fitness, the physical work demands
might remain the same, which may lead to an imbalance
between the two (Ilmarinen et al. 1997; Kenny et al. 2008;
Suorsa et al. 2022). This could lead to more adverse health
events among older workers. However, it is also possible
that the imbalance may have forced workers into less physi-
cally demanding work or exiting the labor market, known as
the healthy worker effect (Guettler 2023; Hartvigsen et al.
2001).

One possible explanation for our finding that an
increase in physical work demands was associated with
negative health outcomes, but a decrease in physical work
demands was not associated with positive health outcomes,
could be related to the chronic and long-lasting nature of
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musculoskeletal symptoms (El-Tallawy et al. 2021). Par-
ticipants who already had musculoskeletal symptoms and
changed to a lower physically demanding job may still
experience chronic symptoms, despite the decrease in
physical work demands. Additionally, due to the short fol-
low-up interval of our study, it is possible that an increase
in demands had an acute negative effect on health, while
a longer follow-up period may be needed to capture more
gradual changes in health following a decrease in physical
work demands.

We showed stronger associations between changes in
physical work demands and health outcomes among females
than males. Although the reasons for the differing associa-
tions between genders are not fully understood yet, some
suggestions have been made. Firstly, in our sample females
and males worked in different industries with females more
often working in health care and males more often in manu-
facturing. As a result, physical work demands may differ
between genders, with males having a higher proportion of
tasks involving heavy lifting and handling of loads; females
more often lift and move people (Serna Arnau et al. 2023).
Even individuals with the same job title may have differ-
ent physical work demands based on their gender (Guet-
tler 2023). Secondly, females are more likely than males
to develop musculoskeletal symptoms when high physical
work demands are performed (Campos-Serna et al. 2013;
Nordander et al. 2008). In our study, the prevalence of mus-
culoskeletal symptoms at baseline was consistently higher in
females (49%) than in males (35%). It is possible that physi-
ological gender differences could account for the observed
differences in effect sizes. For instance, males and females
differ in physical capacity, muscle mass, and hormone status,
among other factors (Allesge et al. 2023; Guettler 2023).
Thirdly, initial musculoskeletal symptoms may not solely
be caused by changes in physical work demands, but also
by other factors such as psychosocial, organizational, and
individual factors that changed during the studied period
and that could differ between genders.

Strengths and limitations

Several strengths and limitations need to be taken into
account. One of the strengths is that our study is among one
of the firsts to investigate changes in physical work demands
and their associations with health outcomes. Most litera-
ture on the health consequences of physical work demands
is based on exclusively single measurements of the expo-
sure (physical work demands) at baseline, while our study
included changes in exposure on outcome at different time
points, to identify within-individual changes in physical
work demands over time and their association with health.
Some limitations need to be considered as well. Firstly, the
results rely on self-reported data, which is considered less
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valid and reliable than objective measurements. Secondly,
the dichotomization of work demands and health outcomes
may have resulted in a loss of information as a result of
which we may not have detected all changes in exposure
and health. Participants could have (small) within-individ-
ual improvements or deteriorations (e.g., moving from poor
to fair health), which may not always have resulted in an
improvement/deterioration in the categories that we used
(Smith and Beaton 2008). This could possibly have led to
attenuation of our findings, causing the null-findings (Grand-
jean et al. 2004). Thirdly, the wording of the question regard-
ing musculoskeletal symptoms was changed during the study
period. Where in the first wave the participants were asked
if they had experienced pain or “in the past 12 months”
this changed to “in the past three months” in the following
waves. Fourth, residual and uncontrolled confounding of rel-
evant factors, such as body mass index, leisure-time physical
activity, or smoking, could not be ruled out as these were
not measured in our study. Four out of five measurements
took place during the COVID-19 pandemic. Within this time
period, the governmental measures to stop the spread of the
virus differed between measurements but also the working
circumstances within this whole time period in various sec-
tors differed from other years. For example, the number of
homeworkers, and the number of hours working from home
increased significantly during this period (Wiezer et al.
2022). The pandemic might also have influenced the health
status, especially the self-rated health of the participants.
This also may have confounded our associations, for exam-
ple, by factors such as psychological and emotional stress
(Adanaqué-Bravo et al. 2022), financial concerns and/or an
infection with COVID-19.

Implications

Insights found in this study can provide a starting point
in developing future recommendations on how to prevent
adverse health outcomes in workers. Especially if people
increase their physical work demands, it seems important
to provide tools or training on helping them to prevent
adverse health outcomes. By taking a proactive approach
to preventing adverse health outcomes in workers, employ-
ers can promote the health and well-being of their employ-
ees while also potentially reducing costs associated with
absenteeism, disability, and healthcare utilization.

Since this study is one of the firsts to investigate the
association between changes in physical work conditions
and health, more research is needed to better understand
the topic of changes in working conditions and health.
To improve the assessment of physical work conditions,
future studies could use more detailed measures such as
device-based measurements that provide more detailed

information on the physical demands of the job over the
working day. Moreover, as daily lives of workers with
physically demanding work vary day-by-day, it is impor-
tant to gain insights into this variation in health over time,
but also what working conditions predict such variability.
Moreover, due to the current mobile technologies, eco-
logical momentary assessments provide the opportunity
to examine how exposures and outcomes vary and co-vary
within-persons, over time, and across contexts (Asare et al.
2023).

Conclusion

In conclusion, female workers increasing their physical
work demands within a time period of six months were
more likely to develop musculoskeletal symptoms and
report poorer self-rated health than those who did not
change their work demands. Although similar patterns
were observed among males, the associations were not sta-
tistically significant. In both males and females, a decrease
in physical work demands was not associated with a risk
of adverse health outcomes. Future research should focus
on identifying effective strategies to prevent adverse health
outcomes among workers performing physically demand-
ing work. Additionally, further studies with longer follow-
up periods, multiple measurements within shorter inter-
vals, and improved measurement methodologies for both
physical work demands and health outcomes are needed
to better understand the associations between changes in
physical work demands and health outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00420-023-02008-0.

Acknowledgements We want to thank Dr. Ehsan Motazedi for the
statistical help.

Author contributions All authors contributed to the study conception
and design. Analysis were performed by BC and EvVE. The manuscript
was written by BC and EvE and all authors commented on previous
versions of the manuscript. All authors read and approved the final
manuscript.

Funding There was no particular funding for this research.
Data availability Data are stored at TNO, Unit Healthy Living in the

Netherlands. Data are available upon reasonable request by the third
author.

Declarations

Conflict of interest The authors have no competing interests to dis-
close.

Open Access This article is licensed under a Creative Commons Attri-

bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long

@ Springer


https://doi.org/10.1007/s00420-023-02008-0

1310 International Archives of Occupational and Environmental Health (2023) 96:1301-1311

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/.

References

Adanaqué-Bravo I, Escobar-Segovia K, Gémez-Salgado J, Garcia-
Iglesias JJ, Fagundo-Rivera J, Ruiz-Frutos C (2022) Relation-
ship between psychological distress, burnout and work engage-
ment in workers during the COVID-19 pandemic: a systematic
review. Int J Public Health 67:1605605. https://doi.org/10.3389/

. 1jph.2022.1605605

Akerstedt T, Discacciati A, Hiabel H, Westerlund H (2019) Psycho-
social work demands and physical workload decrease with age-
ing in blue-collar and white-collar workers: a prospective study
based on the SLOSH cohort. BMJ Open 9(9):¢030918. https://
doi.org/10.1136/bmjopen-2019-030918

Allesge K, Aadahl M, Jacobsen RK, Karhus LL, Mortensen OS, Kor-
shgj M (2023) Prospective relationship between occupational
physical activity and risk of ischaemic heart disease: are men
and women differently affected? Eur J Prev Cardiol. https://doi.
org/10.1093/eurjpc/zwad067

Andersen LB (2004) Relative risk of mortality in the physically inac-
tive is underestimated because of real changes in exposure level
during follow-up. Am J Epidemiol 160(2):189-195. https://doi.
org/10.1093/aje/kwh195

Asare BY, Robinson S, Kwasnicka D, Powell D (2023) Application of
ecological momentary assessment in studies with rotation work-
ers in the resources and related construction sectors: a systematic
review. Saf Health Work 14(1):10-16. https://doi.org/10.1016/j.
shaw.2022.10.004

Badarin K, Hemmingsson T, Almroth M, Falkstedt D, Hillert L, Kjell-
berg K (2022) Does a change to an occupation with a lower physi-
cal workload reduce the risk of disability pension? A cohort study
of employed men and women in Sweden. Scand J Work Environ
Health 48(8):662—-671. https://doi.org/10.5271/sjweh.4053

Burdorf A, Windhorst J, van der Beek AJ, van der Molen H, Swuste
PHIJ (2007) The effects of mechanised equipment on physical
load among road workers and floor layers in the construction
industry. Int J Ind Ergon 37(2):133-143. https://doi.org/10.1016/].
ergon.2006.10.007

Campos-Serna J, Ronda-Perez E, Artazcoz L, Moen BE, Benavides
FG (2013) Gender inequalities in occupational health related to
the unequal distribution of working and employment conditions:
a systematic review. Int J Equity Health. https://doi.org/10.1186/
1475-9276-12-57

Cillekens B et al (2022) Physical activity at work may not be health
enhancing. A systematic review with meta-analysis on the asso-
ciation between occupational physical activity and cardiovascular
disease mortality covering 23 studies with 655,892 participants.
Scand J Work Environ Health 48(2):86-98. https://doi.org/10.
5271/sjweh.3993

Coenen P et al (2018) Do highly physically active workers die early? A
systematic review with meta-analysis of data from 193,696 par-
ticipants. Br J Sports Med 52(20):1320-1326. https://doi.org/10.
1136/bjsports-2017-098540

@ Springer

da Costa BR, Vieira ER (2010) Risk factors for work-related muscu-
loskeletal disorders: a systematic review of recent longitudinal
studies. Am J Ind Med 53(3):285-323. https://doi.org/10.1002/
ajim.20750

Das B, Gangopadhyay S, Ghosh T (2021) The effects of using an ergo-
nomic aid on the physical workload and body discomfort reported
by pre-adolescent farmers in West Bengal India. Work 70(2):571-
582. https://doi.org/10.3233/wor-213593

El-Tallawy SN, Nalamasu R, Salem GI, LeQuang JAK, Pergolizzi
JV, Christo PJ (2021) Management of musculoskeletal pain: an
update with emphasis on chronic musculoskeletal pain. Pain Ther
10(1):181-209. https://doi.org/10.1007/s40122-021-00235-2

Grandjean P, Budtz-Jorgensen E, Keiding N, Weihe P (2004) Under-
estimation of risk due to exposure misclassification. Int J Occup
Med Environ Health 17(1):131-136

Grzywinski W, Turowski R, Jelonek T, Tomczak A (2022) Physiologi-
cal workload of workers employed during motor-manual timber
harvesting in young alder stands in different seasons. Int J Occup
Med Environ Health 35(4):437-447. https://doi.org/10.13075/
ijomeh.1896.01862

Guettler NJ (2023) Will sex differences have to be considered in future
studies on health effects of occupational physical activity? Eur J
Prev Cardiol. https://doi.org/10.1093/eurjpc/zwad091

Hartvigsen J, Bakketeig LS, Leboeuf-Yde C, Engberg M, Lauritzen T
(2001) The association between physical workload and low back
pain clouded by the “healthy worker” effect: population-based
cross-sectional and 5-year prospective questionnaire study. Spine
(phila Pa 1976) 26(16):1788-1792. https://doi.org/10.1097/00007
632-200108150-00011. (discussion 1792-3)

Holtermann A, Mortensen OS, Burr H, Sggaard K, Gyntelberg F, Suad-
icani P (2009) The interplay between physical activity at work and
during leisure time—risk of ischemic heart disease and all-cause
mortality in middle-aged Caucasian men. Scand J Work Environ
Health 35(6):466—474. https://doi.org/10.5271/sjweh.1357

Hooftman WM, GMJ, Knops JCM, van Dam LMC, de Vroome
EMM, Janssen BJM, Pleijers AJSF, van den Bossche SNJ (2020)
Nationale enquéte arbeidsomstandigheden methodologie en
globale resultaten (The Netherlands working conditions survey
2019: methodology and overall results). Centraal Bureau voor de
Statistiek & TNO, Leiden, the Netherlands

Ilmarinen J, Tuomi K, Klockars M (1997) Changes in the work ability
of active employees over an 11-year period. Scand J] Work Environ
Health 23(Suppl 1):49-57

Kenny GP, Yardley JE, Martineau L, Jay O (2008) Physical work
capacity in older adults: implications for the aging worker. Am J
Ind Med 51(8):610-625. https://doi.org/10.1002/ajim.20600

Krause N et al (2007) Occupational physical activity, energy expendi-
ture and 11-year progression of carotid atherosclerosis. Scand J
Work Environ Health 33(6):405-424. https://doi.org/10.5271/
sjweh.1171

Minty M et al (2022) Physical working conditions and subsequent sick-
ness absence: a record linkage follow-up study among 19-39-year-
old municipal employees. Int Arch Occup Environ Health
95(2):489-497. https://doi.org/10.1007/s00420-021-01791-y

Midi H, Sarkar SK, Rana S (2010) Collinearity diagnostics of binary
logistic regression model. J Interdiscip Math 13(3):253-267.
https://doi.org/10.1080/09720502.2010.10700699

Nordander C et al (2008) Gender differences in workers with identical
repetitive industrial tasks: exposure and musculoskeletal disor-
ders. Int Arch Occ Env Hea 81(8):939-947. https://doi.org/10.
1007/s00420-007-0286-9

Oude Hengel K, Bouwens L, Wonder W, de Vroome E, Hooftman W
(2022) the NWCS-COVID-19 cohort study: five waves (2019—
2020-2021) Reading guide. TNO

Pedersen J, Schultz BB, Madsen IEH, Solovieva S, Andersen LL
(2020) High physical work demands and working life expectancy


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/ijph.2022.1605605
https://doi.org/10.3389/ijph.2022.1605605
https://doi.org/10.1136/bmjopen-2019-030918
https://doi.org/10.1136/bmjopen-2019-030918
https://doi.org/10.1093/eurjpc/zwad067
https://doi.org/10.1093/eurjpc/zwad067
https://doi.org/10.1093/aje/kwh195
https://doi.org/10.1093/aje/kwh195
https://doi.org/10.1016/j.shaw.2022.10.004
https://doi.org/10.1016/j.shaw.2022.10.004
https://doi.org/10.5271/sjweh.4053
https://doi.org/10.1016/j.ergon.2006.10.007
https://doi.org/10.1016/j.ergon.2006.10.007
https://doi.org/10.1186/1475-9276-12-57
https://doi.org/10.1186/1475-9276-12-57
https://doi.org/10.5271/sjweh.3993
https://doi.org/10.5271/sjweh.3993
https://doi.org/10.1136/bjsports-2017-098540
https://doi.org/10.1136/bjsports-2017-098540
https://doi.org/10.1002/ajim.20750
https://doi.org/10.1002/ajim.20750
https://doi.org/10.3233/wor-213593
https://doi.org/10.1007/s40122-021-00235-2
https://doi.org/10.13075/ijomeh.1896.01862
https://doi.org/10.13075/ijomeh.1896.01862
https://doi.org/10.1093/eurjpc/zwad091
https://doi.org/10.1097/00007632-200108150-00011
https://doi.org/10.1097/00007632-200108150-00011
https://doi.org/10.5271/sjweh.1357
https://doi.org/10.1002/ajim.20600
https://doi.org/10.5271/sjweh.1171
https://doi.org/10.5271/sjweh.1171
https://doi.org/10.1007/s00420-021-01791-y
https://doi.org/10.1080/09720502.2010.10700699
https://doi.org/10.1007/s00420-007-0286-9
https://doi.org/10.1007/s00420-007-0286-9

International Archives of Occupational and Environmental Health (2023) 96:1301-1311 1311

in Denmark. Occup Environ Med 77(8):576. https://doi.org/10.
1136/0oemed-2019-106359

Proper KI, Cillekens B, Twisk JWR, Coenen P, Robroek SJW, van
Oostrom SH (2020) The mediating effect of unhealthy behaviors
and body mass index in the relation between high physical work-
load and self-rated poor health in male construction workers. J
Occup Environ Med 62(8):e414—e422. https://doi.org/10.1097/
jom.0000000000001928

Rodgers JL et al (2019) Cardiovascular risks associated with gender
and aging. J Cardiovasc Dev Dis. https://doi.org/10.3390/jcdd6
020019

Saastamoinen P, Laaksonen M, Lahelma E, Lallukka T, Pietilainen O,
Rahkonen O (2014) Changes in working conditions and subse-
quent sickness absence. Scand J Work Environ Health 40(1):82-
88. https://doi.org/10.5271/sjweh.3379

Safiri S et al (2021) Prevalence, deaths, and disability-adjusted life
years due to musculoskeletal disorders for 195 countries and ter-
ritories 1990-2017. Arthritis Rheumatol 73(4):702-714. https://
doi.org/10.1002/art.41571

Sandlund J, Srinivasan D, Heiden M, Mathiassen SE (2017) Differ-
ences in motor variability among individuals performing a stand-
ardized short-cycle manual task. Hum Mov Sci 51:17-26. https://
doi.org/10.1016/j.humov.2016.10.009

Schram JLD et al (2020) Influence of changing working conditions
on exit from paid employment among workers with a chronic
disease. Occup Environ Med 77(9):628. https://doi.org/10.1136/
oemed-2019-106383

Serna Arnau S, Asensio-Cuesta S, Porcar Seder R (2023) Musculoskel-
etal disorders risk assessment methods: a scoping review from a
sex perspective. Ergonomics. https://doi.org/10.1080/00140139.
2023.2168767

Smith P, Beaton D (2008) Measuring change in psychosocial working
conditions: methodological issues to consider when data are col-
lected at baseline and one follow-up time point. Occup Environ
Med 65(4):288-295. https://doi.org/10.1136/0em.2006.032144

Straker L, Mathiassen SE (2009) Increased physical work loads in
modern work—a necessity for better health and performance?
Ergonomics 52(10):1215-1225. https://doi.org/10.1080/00140
130903039101

Suorsa K et al (2022) Work ability and physical fitness among aging
workers: the Finnish Retirement and Aging Study. Eur J Ageing
19(4):1301-1310. https://doi.org/10.1007/s10433-022-00714-1

Taimela S et al (2007) Self-reported health problems and sickness
absence in different age groups predominantly engaged in physical
work. Occup Environ Med 64(11):739. https://doi.org/10.1136/
0em.2006.027789

Tavakol M, Dennick R (2011) Making sense of Cronbach’s alpha. Int J
Med Educ 2:53-55. https://doi.org/10.5116/ijme.4dfb.8dfd

van de Ven D et al (2022) Associations of within-individual changes in
working conditions, health behaviour and BMI with work ability
and self-rated health: a fixed effects analysis among Dutch work-
ers. BMJ Open 12(4):e058574. https://doi.org/10.1136/bmjop
en-2021-058574

van der Noordt M, Hordijk HJ, Ijzelenberg W, van Tilburg TG, van der
Pas S, Deeg DJH (2019) Trends in working conditions and health
across three cohorts of older workers in 1993, 2003 and 2013: a
cross-sequential study. BMC Public Health 19(1):1376. https://
doi.org/10.1186/s12889-019-7736-7

Venema ADV, Hulsegge EMM, Houtman G, Gielen ILD, Kraan W,
der Maur KO, Pleijers M, van Thor A, Douwes J, Heijnen M,
Eysink M, Visser P, van der Molen SH (2020) Arbobalans 2020:
quality of work, outcomes and measures in the Netherlands: sum-
mary. TNO

Waters TR, Dick RB (2015) Evidence of health risks associated with
prolonged standing at work and intervention effectiveness. Reha-
bil Nurs 40(3):148-165. https://doi.org/10.1002/rnj.166

Wiezer N, Hengel KO, Zoomer T, Hooftman W (2022) Working from
home during the COVID-19 pandemic in the Netherlands. Saf
Health Work 13:S78. https://doi.org/10.1016/j.shaw.2021.12.983

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

@ Springer


https://doi.org/10.1136/oemed-2019-106359
https://doi.org/10.1136/oemed-2019-106359
https://doi.org/10.1097/jom.0000000000001928
https://doi.org/10.1097/jom.0000000000001928
https://doi.org/10.3390/jcdd6020019
https://doi.org/10.3390/jcdd6020019
https://doi.org/10.5271/sjweh.3379
https://doi.org/10.1002/art.41571
https://doi.org/10.1002/art.41571
https://doi.org/10.1016/j.humov.2016.10.009
https://doi.org/10.1016/j.humov.2016.10.009
https://doi.org/10.1136/oemed-2019-106383
https://doi.org/10.1136/oemed-2019-106383
https://doi.org/10.1080/00140139.2023.2168767
https://doi.org/10.1080/00140139.2023.2168767
https://doi.org/10.1136/oem.2006.032144
https://doi.org/10.1080/00140130903039101
https://doi.org/10.1080/00140130903039101
https://doi.org/10.1007/s10433-022-00714-1
https://doi.org/10.1136/oem.2006.027789
https://doi.org/10.1136/oem.2006.027789
https://doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.1136/bmjopen-2021-058574
https://doi.org/10.1136/bmjopen-2021-058574
https://doi.org/10.1186/s12889-019-7736-7
https://doi.org/10.1186/s12889-019-7736-7
https://doi.org/10.1002/rnj.166
https://doi.org/10.1016/j.shaw.2021.12.983

	Within-individual changes in physical work demands associated with self-reported health and musculoskeletal symptoms: a cohort study among Dutch workers
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Method
	Study design
	Study sample
	Physical work demands
	Musculoskeletal symptoms
	Self-rated health
	Covariates
	Statistical analysis

	Results
	Associations of physical work demands and musculoskeletal symptoms and self-rated health at wave 1
	Changes in physical work demands and musculoskeletal symptoms
	Changes in physical work demands and self-rated health

	Discussion
	Strengths and limitations
	Implications

	Conclusion
	Anchor 24
	Acknowledgements 
	References




