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COVID-19 pandemic
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Introduction: Working from home during the COVID-19 pandemic has been
associated both with physical inactivity and musculoskeletal pain. However,
it has not been examined whether physical activity and sedentary behavior
are underlying mechanisms in the association between working from home
and musculoskeletal pain. Therefore, we examined their mediating role in
this association.

Methods: Data were used from 24 questionnaire rounds of the Lifelines
COVID-19 cohort (March 2020-January 2022). Longitudinal information on
work situation (location, home, hybrid), physical activity, sedentary behavior,
and musculoskeletal pain was collected among 28,586 workers. Analysis of
physical activity/sedentary behavior as mediators of the association between
working from home and musculoskeletal pain was performed using multilevel
structural equation modeling.

Results: Home workers more often had pain in the upper back [odds
ratio (OR) = 1.17, 95%-confidence interval (Cl) = 1.02-1.34] and
arm, neck, and/or shoulder (ANS) (OR = 132, 95%-Cl = 1.19-1.47)
than location workers. Furthermore, home workers were more often
sedentary for >9h per work day than location workers (OR = 2.82,
95%-Cl = 2.56-3.09), and being more sedentary was associated with
musculoskeletal pain (upper back: OR = 1.17, 95%-Cl = 1.06—-1.30; ANS: OR
= 1.25, 95%-Cl = 1.16-1.34). Corresponding indirect effects were OR = 1.18
(95%-Cl = 1.04-1.33) and OR = 1.26 (95%-Cl = 1.12-1.35). No indirect effect
was found for physical activity. Similar indirect effects were observed for
hybrid workers.

Conclusion: Home and hybrid workers were more likely to have pain in the
upper musculoskeletal system during the COVID-19 pandemic than location
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workers, which was partly mediated by increased sedentary behavior, but not
by reduced physical activity. Measures to reduce sedentary time in home
workers may contribute to preventing musculoskeletal pain.

COVID-19, home workers,

hybrid workers, longitudinal study, mediation,

musculoskeletal pain, physical activity, sedentary behavior

Introduction

During the COVID-19 pandemic, countries around the
world implemented measures to contain the spread of the SARS-
CoV-2 virus (1). As part of these containment measures, the
Dutch government as well as many other governments, asked
workers to work from home as much as possible. Although the
work-from-home measure contributed to reducing SARS-CoV-
2 infections, the large changes in workers’ daily routine and work
environment may also have had a negative impact on the lifestyle
and health of these workers (2-4).

Regarding home workers’ lifestyle, being confined to the
house may have resulted in less physically activity and more
sedentary behavior during the COVID-19 pandemic (5-10).
Earlier studies during the first year of the pandemic have
observed an association of working from home with reduced
physical activity and increased sedentary behavior (5-10). In
addition, in our recent longitudinal study among 33,325 Dutch
workers, we found home workers during the first year of the
COVID-19 pandemic to be less likely to be physically active and
more likely to be sedentary than location workers (11).

Even before the COVID-19 pandemic, the physical health
of workers has been suggested to be negatively impacted by
working from home (12). During the COVID-19 pandemic,
some studies (13-17), but not all (18, 19), found a positive
association between working from home and musculoskeletal
pain. We previously found Dutch home workers to be more
likely to report musculoskeletal pain than location workers
during the first year of the COVID-19 pandemic (20). Home
workers might experience increased musculoskeletal pain as
a result of multiple factors, such as an unfavorable working
environment at home with continuous repetitive movements
and increased psychosocial risks (12, 21). Furthermore,
reduced physical activity and increased sedentary behaviors can
potentially explain part of the association between working from
home and musculoskeletal pain (4) by causing physiological
changes such as altering muscle activity and strength, increasing
strain on the musculoskeletal system, and augmenting pain
sensitivity (22-26).

However, research on the mediating role of physical activity
and sedentary behavior in the association between working
from home and musculoskeletal pain during the COVID-19
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pandemic is currently lacking. This may be due to the novelty
of the global pandemic and the fact that longitudinal data is
required to study this role. Nevertheless, studying this mediating
role is important, because it can contribute to the understanding
of how working from home is linked to musculoskeletal pain,
and knowledge about underlying mechanisms may provide
starting points on preventing these complaints in home workers.
Prevention of health problems in home workers is especially
valuable since even after the COVID-19 containment measures
have been lifted, working from home arrangements have
remained partly in place and expectations are that these
arrangements will continue to exist in the future (21, 27).

Therefore, the aim of the current study was to examine the
mediating role of physical activity and sedentary behavior in the
association between working from home and musculoskeletal
pain during almost 2 years of the COVID-19 pandemic.

Methods
Study design and population

In the current longitudinal study, data were used from the
Lifelines COVID-19 cohort. The Lifelines COVID-19 cohort
investigates factors relevant to the impact of the COVID-
19 pandemic among a population-based cohort living in the
Northern Netherlands (28). Since the beginning of the pandemic
in March 2020, participants have regularly completed digital
questionnaires with questions on health, lifestyle, work, and
attitude toward the pandemic. Questionnaires were sent out on
a (bi)weekly basis until July 2020, and on a monthly basis from
July 2020 onwards. Response rates varied between 28 and 49%.

Participants of the Lifelines COVID-19 cohort were
recruited from the Lifelines population cohort. The Lifelines
population cohort is a
population-based cohort study examining in a unique

multi-disciplinary ~ prospective

three-generation design the health and health-related behaviors
of 167,729 persons living in the north of the Netherlands
(29, 30). It employs a broad range of investigative procedures
in assessing the biomedical, socio-demographic, behavioral,
physical and psychological factors which contribute to the
health and disease of the general population, with a special focus
on multi-morbidity and complex genetics. Inhabitants from the
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north of the Netherlands were recruited to participate in the
Lifelines population cohort through their general practitioner,
their family members, or self-registration. Approval of the
study was obtained from the Medical Ethics Committee of
the University Medical Center Groningen, The Netherlands
(number 2007/152). Written informed consent was obtained
from all participants. All adult participants from the Lifelines
population cohort with known email addresses were asked to
participate in the Lifelines COVID-19 cohort (n = 140,145) (28).

Inclusion criteria for the current study were being an
active worker for the majority of the study (see section Work
situation), being aged between 18 and 67 years at baseline, and
having information available on work situation, physical activity,
and musculoskeletal pain. In the current study, data were
used from 24 questionnaire rounds of the Lifelines COVID-
19 cohort conducted between March 2020 and January 2022
(Supplementary Table S1).

Work situation

In the questionnaire rounds, participants were asked what
they currently did in their daily life (student; work; on disability;
unemployed; retired; maternity leave; other). Next, working
participants were asked to report their current work situation
from one or more of the following responses: I work from home;
I am laid off but am still being paid; I am laid off and am no
longer being paid; I continue to work at the usual location (e.g.,
office, factory, construction site); I continue to work at multiple
sites for my job; I am forced to take sick leave or vacation time;
other. Based on this question, a time-dependent variable for
work situation was constructed. If participants indicated to work
at the usual location and/or at multiple sites for their job they
were considered location workers for that particular round, if
they indicated to work from home they were considered home
workers, and if they indicated to work on location as well as from
home they were considered hybrid workers. For hybrid workers,
the distribution of work time between remote work and location
work was unknown. As we aimed to include participants who
were active workers for the majority of the study, only workers
who worked >75% of the rounds in which they participated
were included. In addition, of the rounds in which they worked,
workers needed to work >75% of the time on location and/or
from home to be included. These criteria were formulated to
ensure that in general only active workers were included in the
study in order to provide results that were applicable to home
workers, hybrid workers, and location workers.

Physical activity and sedentary behavior

To assess physical activity, participants were asked “how
many minutes of (moderately) intense activity did you do (e.g.,
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walking, biking or running)” in the last 7 days (rounds 1-6)
or 14 days (round 7 onwards). Answer categories were <50;
50-100; 100-150; 150-180; >180min in the last 7 days or
<100; 100-200; 200-300; 300-360; >360 min in the last 14 days.
Subsequently, answers were dichotomized into being physically
active for >150 vs. <150 min per week to correspond with the
global physical activity recommendation (31).

Sedentary behavior was assessed by asking participants how
much time they on average spent sitting per work day in the
last 7 days (round 6) or 14 days (round 11 onwards). Answer
categories were <1; 1; 2; 3; 4; 5; 6; 7; 8; 95 10; 11; 12; >12 h (until
round 17) or <1; 1-3; 4-6; 7-9; 10-12; >12h (from round 19
onwards). Subsequently, answers were dichotomized into sitting
>9vs. <9 h per work day based on the average sitting time of the
Dutch population in 2021 (32). Sedentary behavior is different
between work days and weekend days among Dutch workers
(32). In the current study, we were specifically interested in
sedentary behavior on work days, since this is likely to be the
most impacted by working from home.

The questions on physical activity and sedentary behavior
in the Lifelines COVID-19 cohort were based on the Dutch
Physical Activity Guidelines 2017 and the International Physical
Activity Questionnaire Short Form (IPAQ-SF) (33, 34).

Musculoskeletal pain

Musculoskeletal pain was assessed by asking participants to
what extent they had pain in the lower back in the last 7 days
(rounds 1-6) or 14 days (round 7 onwards). From round 8
onwards, participants were also asked about pain in the upper
back in the last 14 days in one question and about pain in
the arm, neck, and/or shoulder in the last 14 days in another
question. Answer categories of the questions on pain were not at
all; a little bit; somewhat; quite a lot; very much. Subsequently,
answers were dichotomized into no pain vs. pain (a little bit to
very much). The questions on pain were based on the Symptom
CheckList-90 Somatization scale (35).

Covariates

The following covariates were included: age, sex, education
level, country of birth, household composition, occupation and
occupational class (both based on the International Standard
Classification of Occupations), employment contract, general
health, physical activity before the pandemic, and sedentary
behavior before the pandemic. Age, sex, education level, country
of birth, occupation, and occupational class were derived from
the Lifelines population cohort. Household composition and
employment contract were measured in round 1-23 of the
Lifelines COVID-19 cohort, and general health in round 1-2.
Physical activity and sedentary behavior before the pandemic
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was assessed by asking participants in round 1-2 how many
minutes of (moderately) intense activity they performed each
week before the COVID-19 pandemic and how much time they
spent sitting on average per work day before the COVID-19
pandemic. More information on the included covariates can be
found elsewhere (11).

Statistical analysis

The independent-samples ¢-test and the chi-square test were
used to compare the characteristics of the study population by
work situation. To this end, a fixed variable for work situation
based on the work situation in the entire follow-up from March
2020 to January 2022 was constructed. In this variable, location

10.3389/fpubh.2022.1072030

workers worked on location and did not work from home
during the entire follow-up, home workers worked from home
and did not work on location during the entire follow-up, and
hybrid workers worked both on location and from home during
the entire follow-up (but this did not necessarily had to be at
the same time/questionnaire round, which is the case for the
time-dependent work situation variable).

Six longitudinal mediation models were constructed where
work situation and the two potential mediators (physical
activity/sedentary behavior) measured at round t were studied
in relation to the three pain outcomes (pain in lower back;
upper back; arm, neck, and/or shoulder) measured at round ¢
+ 1 separately. Because current work situation is expected to
have an immediate impact on physical activity and sedentary
behavior and because it is generally unlikely that physical
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activity and sedentary behavior impact work situation, the
determinant and mediator were assessed at the same round.
Since it may be expected that some time is needed for physical
activity and sedentary behavior to have an impact on pain
outcomes and in order to reduce the possibility of reversed
causality, the outcome was assessed at every subsequent round
after the round in which the determinant and mediator were
assessed. Supplementary Table S1 shows an overview of the used
information on determinant, mediators, and outcomes from
each questionnaire round.

Structural equation modeling (SEM) was used to estimate
the different paths of the mediation models. In Figure 1, these
different paths are shown for one of the longitudinal mediation
models. The upper part of this figure shows the model of
the total effect (c1 and c2) of work situation on pain in the
arm, neck, and/or shoulder measured in the next round. The
lower part shows the indirect effect of sedentary behavior
(al*b and a2*b), and the direct effect ('1 and c’2) of work
situation on pain in the arm, neck, and/or shoulder that is
independent of sedentary behavior. To calculate the values
of these paths, multilevel SEM was conducted with logistic
regression adjusting for the dependency of observations within
an individual over time (36). Age, sex, education level, country
of birth, household composition, occupation, occupational class,
employment contract, general health, physical activity before
the pandemic, and sedentary behavior before the pandemic

10.3389/fpubh.2022.1072030

were included as potential confounders in the analyses. Indirect
effects were calculated by taking the product of the a-path and
b-path (37). For the indirect effects, a 95% bootstrap confidence
interval was calculated using 500 bootstrap resamples.

Descriptive analyses were conducted using IBM SPSS
Statistics, version 25 (IBM Corporation, Armonk, NY, USA).
SEM analyses were performed using Stata/SE, version 13
(StataCorp LLC, College Station, TX, USA). A two-sided p-value
of <0.05 was considered statistically significant.

Results

Study population

In total, 76,424 adults participated in the Lifelines
COVID-19 cohort (Supplementary Figure S1). Of those, 43,281
participants were aged 18-67 years, employed >75% of their
follow-up time, and working >75% of their time employed
on location and/or from home. After excluding participants
with missing data on physical activity, pain in the lower back
(in a round subsequent to a round in which work situation
and physical activity was measured), and covariates, 28,586
participants were included in the current study. Because pain
in the upper back and in the arm, neck, and/or shoulder was
assessed in fewer rounds than pain in the lower back, and

TABLE 1 Characteristics of the study population stratified for location workers, home workers, and hybrid workers (who worked both on location
and from home) during the COVID-19 pandemic from March 2020 to January 2022 (n = 28,586).

Location workers (n = 13,489)

Home workers (n = 5,971) Hybrid workers (n = 9,126)

Mean/% SD/n Mean/% SD/n Mean/% SD/n
Age (in years) 50.9 8.6 49.3* 9.1 49.1t 9.3
Sex (% female) 61.3 8,264 56.6* 3,377 60.3 5,503
Education level (%)
Low 20.8 2,807 5.3* 317 4.9t 445
Middle 55.7 7,511 28.9* 1,724 30.4t 2,778
High 235 3,171 65.8* 3,930 64.7 5,903
Occupation (%)
High-skilled white-collar 422 5,693 73.2* 4,373 72.4t 6,605
Low-skilled white-collar 34.2 4,607 23.2* 1,388 22.3t 2,039
High-skilled blue-collar 11.2 1,515 2.1* 128 3.5t 323
Low-skilled blue-collar 12.4 1,674 1.4* 82 1.7t 159
General health (% excellent/(very) good) 96.5 13,019 95.3* 5,693 95.9t 8,748
>150 min of physical activity per week 419 5,651 44.6% 2,662 42.1 3,838
before COVID-19 pandemic (% yes)
Sitting >9 h per work day before 12.1 913 43.3% 1,274 30.4t 1,902

COVID-19 pandemic (% yes)*

*Statistically significant difference (p < 0.05) between home workers and location workers tested with independent-samples ¢-test and chi-square test.
iStatistically significant difference (p < 0.05) between hybrid workers and location workers tested with independent-samples ¢-test and chi-square test.

#Among 7,573 locations workers, 2,943 home workers, and 6,264 hybrid workers.

Frontiersin Public Health

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1072030
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Loef et al.

T

c

o

2 2

S = 3}

= L - 2

9] T o =

(] '—5‘,_40

s e F

=2 = o -

g B~
S

s s h £

2]

c -c‘:m

o £ g

g s .2

= RO

(]

a 3 Z

s 23

92 -~ A

g ES .

S A
8 ¥ =

2 w8 8

© = 9=

o e 9

£ £ =

= = I v

g F=z §

- Ay

2 o

2

=

(%}

[

®

L

4

2

a £

T )

c - =

© o =

c .—LO

s 5z

2 S | =

S =< = =

= 9 o

7 &">‘

f -me

] 5 §

c (= I}

g = ¢
o

2 = 2

|7 - 8

2 g ©

c = A ®»

i} s ¥ 5

i - nH | Y

& S en &

g I

2 o=

° IIE

S Z g

c ast

©

o

f=

<)

@

=]

c

g

3 5 B

= <

= _LQ

£ = Z

g ORI

5 8 I 2

- -me

3} - S

(7] v O

5 z =
o &

- —_—

8. =g

=2 = 3

TE Y 2

-5 B o

c: 5% &

tw® S

52 & ¢

s a | I

s

2% z £

vy =

s

R

o

oU

£ 8

=]

v £

T

-cﬂ)

o=

~ 2

w ©

as

28

Frontiersin Public Health

95%-CI OR 95%-CI OR 95%-CI OR 95%-CI OR 95%-CI OR 95%-CI

OR

1.34

10

0.97 1.08 1.05 0.97 1.13 1.12* 1.01 1.25 1.16* 1.02 1.32 1.19* 1.10 1.29 1.21* 1.

02

1.

c-path (total effect)

1.34

10

1.29 1.21* 1.

10

1.16* 1.02 1.32 1.19* 1.

1.25

1

0.97 1.08 1.05 0.97 1.13 1.12* 1.0

1.02

¢-path (direct

effect)

1.18

0.83 0.91 1.04 0.98 1.10 1.03 0.97 1.10 1.09* 1.0 1.18 1.03 0.97 1.10 1.09* 1.0

0.87*

a-path (WS -> PA)

0.94 1.01 0.97 0.94 1.01 1.04 0.98 1.11 1.04 0.98 1.11 1.00 0.95 1.04 1.00 0.95 1.04

0.97

b-path (PA -> pain)

1.00 1.01 1.00 1.00 1.00 1.00 0.99 1.01 1.00 1.00 1.01 1.00 1.00 1.00 1.00 1.00 1.00

1.00

Indirect effect (a*b)

CI, confidence interval; OR, odds ratio; PA, physical activity; WS, work situation.

Odds ratios are adjusted for age, sex, education level, country of birth, household composition, occupation, occupational class, employment contract, general health, and physical activity before the pandemic.
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because sedentary behavior was assessed in fewer rounds than
physical activity, fewer participants were available for the
analyses with these outcomes and mediator. Of the total of
28,586 participants, 20,354 participants were included for the
mediation models with physical activity as mediator and pain
in the upper back/pain in the arm, neck, and/or shoulder as
outcomes. Furthermore, 16,780 and 14,333 participants were
included for the mediation models with sedentary behavior as
mediator and pain in the lower back and pain in the upper
back/pain in the arm, neck, and/or shoulder, respectively, as
outcomes (Supplementary Figure S1).

An overview of the characteristics of the study population
can be found in Supplementary Table S2. Table 1, which presents
a selection of these characteristics, shows that home and hybrid
workers were younger than location workers (49.3 and 49.1
years vs. 50.9 years). Furthermore, home and hybrid workers
more often had a high education level (65.8 and 64.7% vs.
23.5%) and a high-skilled white-collar occupation (73.2 and
72.4% vs. 42.2%) than location workers. Compared to location
workers, home and hybrid workers reported somewhat less
often to have a good or excellent health (95.3 and 95.9%
vs. 96.5%). Before the pandemic, home workers were more
often physically active for >150 min per week (44.6 vs. 41.9%)
than locations workers, but they were also more often sitting
>9h per work day (43.3 vs. 12.1%) than location workers.
Since Table 1 and Supplementary Table S2 present descriptive
information, these differences in pre-pandemic physical activity
and sedentary behavior are likely to be related to differences in
demographic and work-related factors between home workers
and location workers.

The percentage of the study population who worked
exclusively on location ranged between 50% during the first
questionnaire round (March-April 2020) and 71% in October—
November 2021, while the percentage of exclusive home workers
ranged between 44% in March-April 2020 and 16% in October-
November 2021 (Supplementary Figure S2). A minority of the
study population were workers who worked both on location
and from home in a particular round, with percentages
ranging between 3% in April-May 2020 and 13% in October-
November 2021.

The percentage of workers with pain in the lower back,
in the upper back, and in the arm, neck, and/or shoulder
were, respectively, 35, 13, and 33% on average over time. These
percentages were similar for each work situation.

Working from home, physical activity,
and musculoskeletal pain

Table 2 shows the results of the longitudinal mediation

models for the association between work situation and pain with
physical activity as potential mediator. Home workers (OR =
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effect)

>

c-pal

2.74

2.18

3.09 2.44*

2.56

2.74 2.82*

2.18

3.09 2.44*

2.56

2.38 2.82*

95

2.64 2.16* 1.

2.26

2.44*

a-path (WS -> SB)

1.05 1.20 1.12% 1.05 1.20 1.17* 1.06 1.30 1.17% 1.06 1.30 1.25* 1.16 1.34 1.25% 1.16 1.34

1.12*

b-path (SB -> pain)

1.02 1.17 1.09* 1.02 1.14 1.18* 1.04 1.32 1.15% 1.03 1.27 1.26* 1.12 1.35 1.22% 1.10 1.30

1.11*

Indirect effect (a*b)

CI, confidence interval; OR, odds ratio; SB, sedentary behavior; WS, work situation.

Odds ratios are adjusted for age, sex, education level, country of birth, household composition, occupation, occupational class, employment contract, general health, and sedentary behavior before the pandemic.

*p < 0.05.
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1.02, 95%-CI = 0.97-1.08) and hybrid workers (OR = 1.05,
95%-CI = 0.97-1.13) did not have higher odds of having pain
in the lower back than location workers. However, they did
have higher odds of having pain in the upper back (home
workers: OR = 1.12, 95%-CI = 1.01-1.25; hybrid workers:
OR = 1.16, 95%-CI = 1.02-1.32) and pain in the arm, neck,
and/or shoulder (home workers: OR = 1.19, 95%-CI = 1.10-
1.29; hybrid workers: OR = 1.21, 95%-CI = 1.10-1.34) than
location workers. After taking physical activity into account as
potential mediator, the same associations were observed. Home
workers (OR = 0.87, 95%-CI = 0.83-0.91), but not hybrid
workers (OR = 1.04, 95%-CI = 0.98-1.10), were less likely
to be physically active for >150 min per week than location
workers in the total study population. However, being physically
active for >150min per week was not associated with any
type of pain (lower back: OR = 0.97, 95%-CI = 0.94-1.01;
upper back: OR = 1.04, 95%-CI = 0.98-1.11; arm, neck, and/or
shoulder: OR = 1.00, 95%-CI = 0.95-1.04). Therefore, no
indirect effect of physical activity on the association between
work situation and pain was observed (OR = 1.00 for all types
of pain).

Working from home, sedentary behavior,
and musculoskeletal pain

Table 3 shows the results of the longitudinal mediation
models for the association between work situation and pain
with sedentary behavior as potential mediator. Similar as in the
models with physical activity, home workers and hybrid workers
were more likely to have pain in the upper back and pain in
the arm, neck, and/or shoulder than location workers. Including
sedentary behavior as mediator in the models somewhat reduced
the effect estimates between work situation and all types of
pain. Home workers (OR = 2.82, 95%-CI = 2.56-3.09; n =
14,333) and hybrid workers (OR = 2.44, 95%-CI = 2.18-2.74;
n = 14,333) were more likely to be sedentary for >9h per
work day than locations workers. Furthermore, workers who
were sedentary for >9h per work day were more likely to have
pain in the lower back (OR = 1.12, 95%-CI = 1.05-1.20), in
the upper back (OR = 1.17, 95%-CI = 1.06-1.30) and pain in
the arm, neck, and/or shoulder (OR = 1.25, 95%-CI = 1.16-
1.34) than workers who were sedentary for <9 h/work day.
As a result, statistically significant indirect effects of sedentary
behavior on the association between work situation and all
types of pain were observed (ORs ranging from 1.09 to 1.26).
For example, home workers had a 1.26 higher odds (95%-CI
= 1.12-1.35) of having pain in the arm, neck, and/or shoulder
than location workers via being more often sedentary for >9h
per work day. Figure 2 shows the longitudinal mediation model
with sedentary behavior as mediator and pain in the arm,
neck, and/or shoulder as outcome with the odds ratios for the
different paths.
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Home workers; \
1.32*\ Painin arm,
neck, and/or
1.26*/ shoulder,;
Hybrid workers, —
>9 hrs/workday
/ sitting;
2.82*
e 1.25*
2.44%*
Home workers;
1.29*\ Painin arm,
neck, and/or
1.24*/' shoulder,;
Hybrid workers;

Longitudinal mediation model showing the odds ratios of the total effect of work situation measured in round t on pain in the arm, neck, and/or
shoulder measured in round t 4 1, the indirect effect of sedentary behavior measured in round t, and the direct effect of work situation on pain
in the arm, neck, and/or shoulder (n = 14,333). Odds ratios are adjusted for age, sex, education level, country of birth, household composition,
occupation, occupational class, employment contract, general health, and sedentary behavior before the pandemic. *p < 0.05.

Discussion

In the current study among a large population of Dutch
workers, we examined the mediating role of physical activity
and sedentary behavior in the association between working from
home and musculoskeletal pain during almost 2 years of the
COVID-19 pandemic. Home workers and hybrid workers were
more likely to experience pain in the upper back and in the arm,
neck, and/or shoulder than location workers. This association
was mediated by increased sedentary behavior among home and
hybrid workers, but not by reduced physical activity.

Sedentary behavior was found to explain part of the
association between working from home and musculoskeletal
pain during the COVID-19 pandemic. Home and hybrid
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workers were more likely to be sedentary for >9h per work
day than locations workers, and being more sedentary was
statistically significantly associated with having musculoskeletal
pain. Similarly, earlier studies during the COVID-19 pandemic
have observed working from home to be associated with
increased sedentary behavior (6-9, 11). Furthermore, three
recent systematic reviews reported sedentary behavior (38, 39)
and screen time (40) to be associated with musculoskeletal pain,
possibly due to increased static load on the musculoskeletal
system (39, 41). The observed indirect effects of sedentary
behavior in the current study cannot be compared with earlier
work, because no mediation analysis has been performed up
until now. Earlier studies conducted during the COVID-19
pandemic often lacked information on either working from
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home, sedentary behavior, or musculoskeletal pain, lacked a
sufficiently large sample size, and/or lacked a longitudinal
design, while all of these criteria are needed in order to perform
a mediation analysis. Nevertheless, our results together with
the observed association between working from home and
sedentary behavior (a-paths) and between sedentary behavior
and musculoskeletal pain (b-paths) in other studies suggest
that sedentary behavior may play an important mechanistic
role in the association between working from home and
musculoskeletal pain.

Physical activity, defined as being physically active for
>150 min per week, was not found to be a mediator in the
association between working from home and musculoskeletal
pain. This can be explained by the finding that physical
activity was not associated with musculoskeletal pain. Previous
systematic reviews have reported conflicting results regarding
this association, with two reporting evidence supporting an
association between some types of physical activity and
musculoskeletal pain (42, 43), while another one does not (44).
With respect to the association between working from home and
physical activity, we found home workers to be less likely to be
physically active for >150 min per week than location workers
in the total study population, but this association disappeared
in the smaller subsamples of the population. In earlier work
during the COVID-19 pandemic, most (5-7, 11), but not all
(9), studies observed an association between working from
home and reduced physical activity. Possibly, other measures of
physical activity than the relatively crude measure of adhering
to the global physical activity recommendation that was used
in the current study, may still be valuable in explaining the
association between working from home and musculoskeletal
pain. This is supported by the finding that in particular vigorous-
intensity activity has the potential to reduce musculoskeletal
pain by increasing muscle strength and reducing pain sensitivity
(25). Therefore, more research is needed to study different
types of physical activity, such as vigorous-intensity activity, as
potential mediators.

Our results indicate that working from home is associated
with an increased risk of pain in the upper back and in the arm,
neck, and/or shoulder. Correspondingly, three earlier studies
reported an association between working from home and pain
in these body parts (13, 14, 17). However, earlier studies also
observed an association with pain in the lower back (13, 15-
17), while this was unexpectedly not found in the current study.
Still, in the studies that included multiple body regions, larger
effect estimates were generally observed for pain in the upper
back and pain in the arm, neck, and/or shoulder than for pain
in the lower back (13, 14, 17). This was also observed in our
earlier study (20). A possible explanation for this finding may
be that working from home is associated with performing more
screen work and being more sedentary than working on location
(6-9, 11, 45), which is particularly related to pain in the upper
part of the musculoskeletal system (39-41), although it may
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also negatively impact pain in the lower back. Prolonged sitting
requires a continuous static load on the muscles of the upper
musculoskeletal system (25). Therefore, in particular the upper
body regions such as the higher back and arm, neck, and/or
shoulders may be at risk of physical strain.

After 2 years of the COVID-19 pandemic, the work-
from-home measure was lifted in The Netherlands and other
countries. However, working from home has remained a
common practice for many workers and the Dutch government
currently still calls on employers to permanently encourage
workers to work partly from home (46). This stresses the
importance of permanently creating healthy work environments
at home and encouraging workers to adopt healthy work-from-
home practices. The results of the current study imply that
supporting home workers in reducing sedentary time should
be an important component of such healthy work-from-home
practices, as it may contribute to preventing musculoskeletal
pain. To this end, more research is needed to examine effective
strategies and interventions to reduce home workers’ sitting
time. Promising interventions include height-adjustable desks
(i.e., sit-stand desks) (47-49), digital tools (50, 51), and taking
frequent short breaks (49). Policy makers and employers should
develop and implement work-from-home policies that facilitate
home workers in reducing sedentary time at their workplace and
that aim to prevent musculoskeletal pain.

While sedentary behavior was found to be a relevant
mediator in the association between working from home
and pain in the upper musculoskeletal system, it only partly
explained this association. This indicates that further work
is needed to better understand other underlying mechanistic
factors linking working from home and musculoskeletal pain.
Such factors may for example be found in the home office
environment and in psychosocial risk factors (12, 21, 52).

Strengths and limitations

Strengths of the current study are its large sample size and its
longitudinal design with many repeated measurements covering
almost 2 years of the COVID-19 pandemic.

Since information on sedentary behavior and information
on pain in the upper back/pain in the arm, neck, and/or shoulder
was only collected from, respectively, round 6 and round 8
onwards, a substantial part of the total study population did
not complete questions on these topics. Therefore, the research
questions including these mediator and outcomes could only
be studied in a subsample of the population. As a result,
effect estimates describing the same association somewhat varied
between subsamples of the study populations. Nevertheless,
these effect estimates were generally of the same magnitude and
in the same direction across these subsamples, supporting the
robustness of our findings.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1072030
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Loef et al.

Working from home was found to be associated with
increased sedentary behavior. It is likely that this increase
in sedentary behavior associated with working from home is
predominantly caused by an increase in screen work (14).
However, the current study lacked information on screen work,
screen time, or the working positions while performing screen
work from home, so the potential pathway linking remote work
to sedentary behavior via screen time could not be examined.
Furthermore, screen work independent of sitting time could
possibly negatively impact musculoskeletal system by causing
overuse of muscles during computer use (41) Future work
should contribute to elucidating these potential pathways.

In the current study, 500 bootstraps resamples were used
to calculate the confidence intervals of the indirect effects.
Preferably, this number should be at least 1,000 (53). However,
due to the large sample size of the current study with up to over
two hundred thousand observations, the number of possible
bootstrap resamples was restricted by computational limits. As
analyses with 50, 100, 200, and 500 bootstrap resamples all
showed almost identical confidence intervals, we do not expect
that further increasing the number of bootstrap resamples would
have had a large impact on our results.

Due to the longitudinal design of the current study, it was
possible to conduct a mediation analysis, because the temporal
sequence of exposure and mediator on the one hand, and
outcome one the other hand could be taken into account.
An important assumption of mediation analysis is that there
is no unmeasured confounding in the association between
determinant and mediator, between mediator and outcome, and
between determinant and outcome (54). To this end, a variety
of covariates was included covering demographic factors, work-
related factors, and general health as well as physical activity
and sedentary behavior prior to the pandemic. Home and
hybrid workers differed considerably from location workers with
respect to characteristics such as education level and occupation
(Table 1). Still, the same associations of working from home with
physical activity and sedentary behavior and musculoskeletal
pain were observed when stratifying the population based on
these characteristics (11, 20). However, residual confounding
cannot be ruled out. As this is the first study into the mediating
role of physical activity and sedentary behavior in the association
between working from home and musculoskeletal pain, more
research is needed to replicate our findings.

Conclusion

Compared to location workers, home and hybrid workers
were more likely to have pain in the upper musculoskeletal
system during the COVID-19 pandemic, which was partly
mediated by increased sedentary behavior. Physical activity
was not found to be a mediator in the association between
working from home and musculoskeletal pain. Future home
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work policies should incorporate strategies aimed at reducing
sedentary time in order to prevent musculoskeletal pain.
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