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Abstract: Background: COVID-19 has changed the world and strongly affected the health of the
people and the quality of their life. These changes might impact employees’ physical activity (PA)
and sedentary behavior (SB). This study aimed to summarize the literature focusing on the COVID-
19-caused changes in physical activity and sedentary behavior among the adult working population.
Methods: Literature searches were conducted in June 2021 using multiple electronic databases.
The following keywords and synonyms were used during the searching process: physical activity,
sedentary behavior, COVID-19, employee. After the data cleaning process (duplicates, inclusion
criteria), the title and the abstract of all manuscripts from the searches were screened independently
by two reviewers. Results: Thirty-nine manuscripts were selected as a result of the searching process.
Of these, 5 were SB related, 15 were PA related and 19 addressed both PA and SB. There were
longitudinal (10), cross-sectional (28) and a case study (1) in the selected manuscripts. The majority
of studies were conducted in the USA (6) and Europe (18), and four studies examined the PA and/or
SB in multiple countries. The majority (34 studies) of the studies used subjective, self-reported, but
mostly before-validated questionnaires. Objective measures were less common and used only 12.8%
of the examined studies. Moreover, 76.4% of the studies described an overall decrease in the amount
of PA during the COVID-19 pandemic. In three cases, researchers observed an increase in PA among
the workers. Five studies reported no significant changes in the amount of PA during the pandemic.
As far as SB is concerned, 18 out of 24 of the studies reported an overall increase in the amount of SB
between the two periods. Four manuscripts reported no significant change in the amount of SB, and
there was only one manuscript in the examined studies that reported an overall decrease in the SB
time before and during the COVID-19 pandemic. Discussion: There is no doubt that the COVID-19
pandemic, including lockdown and work from home (WFH) policies, impaired the PA and SB level
of the populations. This period has delivered an important message for the adult working population
as well. They should be as active as possible and avoid high levels of SB and uninterrupted sitting
time. Therefore, organizations, policies and public health bodies should motivate workers, especially
office workers, to be more active and interventions must be developed to mitigate the negative effects
of the COVID-19 on PA and SB.

Keywords: physical activity; sedentary behavior; workers; COVID-19; working from home

1. Introduction

People’s lifestyles have changed significantly in recent years, with an increasing
number of people living a sedentary lifestyle, mainly in developed countries. According to
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Tremblay et al. [1], sedentary behavior can be defined as any waking behavior characterized
by an energy expenditure < 1.5 metabolic equivalents (METs), put simply as any time
people are sitting or lying down. Due to the significant increase in SB levels in most
developed countries over the past century, occupational SB has appeared as a substantial
public health issue. The main contributor to the daily sedentary time for workers is the
substantial sitting time at the workplace [2]. People may spend three-quarters of the
workday in SB [3], and according to Kazi et al., if people spend more time sitting during the
workday, they will spend more time sitting during their leisure time [4]. SB should separate
from the lack of physical activity because people can be sufficiently active according to the
PA guidelines while sitting too much [5,6]. High sedentary times (for example, during work
time) have been associated with harmful health effects independent of PA [7], including
premature all-cause mortality [8], overweight, obesity, cancer and chronic illnesses such as
cardiovascular diseases, metabolic syndrome, type 2 diabetes and low back pain [9-11].

Insufficient PA is also a key risk factor for the above-mentioned non-communicable
diseases (NCDs) and is currently one of the leading risk factors for mortality world-
wide [12-14]. According to Lee et al., the inactive lifestyle contribution to global premature
deaths is approximately 9% [12]. Therefore, it is indisputable that being regularly physically
active is an important determinant of health and plays a crucial role in people’s health
and quality of life; consequently, it is an essential issue in public health recommendations.
The World Health Organization (WHO) recommends 150 min of moderate-intensity or at
least 75 min of vigorous-intensity aerobic physical activity, or an equivalent combination
of moderate- and vigorous-intensity activity, throughout the week for substantial health
benefits [15]. However, worldwide, approximately 27.5% of adults and 81% of adolescents
do not meet the recommendations for aerobic exercise, and therefore, there is an urgent
need to increase physical activity and reduce sedentary time [16].

Due to the rapid technological development nowadays, more and more jobs have
become sedentary, and more adults are employed in low activity occupations where they
could accumulate the time of SB, which may contribute to the risk of NCDs [17-20].

Furthermore, the COVID-19 pandemic has changed the world and strongly affected
the health of the people and the quality of their life (more than 190 million people with
COVID-19, causing more than 4.1 million deaths worldwide) [21]. As suggested by the
WHO, national containment strategies (e.g., social distancing) were implemented world-
wide by national authorities to mitigate the spread of the COVID-19 virus. These national
restrictions have interrupted normal daily activities such as PA. This new virus has sig-
nificantly altered employment as well: businesses had to close for a while or constantly;,
and many workers (especially office workers) were required to shift to a remote working
environment (working for home—WEFH) to stay safe [22]. The conventional concept of
WEFH has been reconsidered by the COVID-19, and WFH has become a policy priority
for most governments and presumably, after the pandemic, it will become more common
among businesses [23]. The increase in WFH during the pandemic may have negative
impacts on working conditions, and workers may have adapted unhealthy lifestyles. This
may result in an increase in SB and a decrease in PA [24].

Since the initial lockdown restrictions were implemented, the number of studies related to
PA and SB during the COVID-19 pandemic has been growing. Previous literature on PA or SB
and the present pandemic has mainly focused on the general population [25-32], the older pop-
ulation [33-35], people with different chronic illnesses [36-38], health care professionals [39] or
athletes [40,41]. Employees, and especially office workers, are underrepresented. Nevertheless,
they are often included in the participants of these studies. However, no study;, to the best of
our knowledge, has yet synthesized the literature in connection with the COVID-19 pandemic
and the changes of the employees” PA and SB. In this paper, we try to conduct a systematic
review on the COVID-19-caused changes in the level of PA and SB among employees. The
main purposes of this study were, on the one hand, to collect studies which directly or indirectly
investigate the employees’ PA and SB overall changes during the COVID-19 pandemic and, on
the other hand, to identify the home office effects on the level of PA and SB.
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2. Materials and Methods

In June 2021, a literature search was performed, and the scientific journal articles were
retrieved from ScienceDirect, PubMed and Scopus. We used these sources since all of them
provide immediate access to the relevant studies. Manuscripts were selected according to
the following inclusion and exclusion criteria:

Inclusion criteria:

Study populations involving healthy adult employees (in any country);

Study outcomes investigating any form of PA and/or SB changes before and during
the COVID-19 lockdown;

Manuscripts written in English language;

No restriction used in connection with study design;

Publication type involving research papers.

Exclusion criteria:

e  Study population involving children, adolescents, older or retired people or with a
specific disease condition;

e  Study outcomes not investigating the change of the PA and/or SB before and during
the COVID-19 lockdown;
Study not examining the employees’ subgroup;
Publication type involving letters to editor, comments, editorials, reviews and recom-
mendations.

At the end of the journal database search and selection process, an additional academic
search was conducted, which was not restricted to only journal articles. Dissertations,
master theses and project works were examined in connection with the topic. The same
inclusion and exclusion criteria were applied.

To cover the relevant studies, literature searches will only include papers published
since November 2019. All articles whose topics were related to the present study were
taken into consideration. During the search, Boolean operators (such as AND or OR) and
the following keywords were used (Table 1).

COVID-19, novel coronavirus, physical activity, sedentary, physical inactivity, sitting,
worker, working from home, employment, employee, occupation.

Duplicates were removed with the use of Zotero reference management software. The
title and the abstract of all manuscripts from the searches were screened independently
by two reviewers (G.R., E.B.B.), who determined the acceptability of the studies according
to the inclusion and exclusion criteria. If disagreements aroused between the reviewers
during the selection process, a third reviewer (K.R.-O.) was consulted; this was necessary
on five occasions. Selected full-text manuscripts were then examined by G.R. and reviewed
by E.B.B., K.R.-O., KK., Z.B., LF. and PL. In order to identify other sources, the reference
lists of the selected full-text manuscripts were further manually searched.

Reviewers picked out the following data from the selected studies: author (year
of publication), the title of the manuscript, country, sample size, PA or SB assessment,
study design, working population of the sample, change direction in SB, key findings
related to SB, change direction in PA, key findings related to PA, main outcomes and types
of outcomes.
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Table 1. Search strategy: databases and searching terms.

Database

Searching Terms

PubMed

Scopus

ScienceDirect

(((COVID-19 [Title/ Abstract] OR “Novel Coronavirus” [Title/ Abstract] AND (“Physical activity”
[Title/ Abstract] OR “Physical inactivity” [Title/ Abstract] OR “Sedentary behavior” [Title/ Abstract] OR
Sitting[Title/ Abstract]) AND (Worker [Title/ Abstract] OR “Working from home” [Title/ Abstract] OR
Employment [Title/ Abstract] OR Employee [Title/ Abstract] OR Occupation [Title/ Abstract])))
(TITLE-ABS-KEY (COVID-19 OR “Novel Coronavirus” AND TITLE-ABS-KEY (“Physical activity” OR
“Physical inactivity” OR “Sedentary behavior” OR Sitting) AND TITLE-ABS-KEY (Worker OR “Working

from home” OR Employment OR Employee OR Occupation))

COVID-19 OR Coronavirus AND physical activity OR sedentary OR physical inactivity OR sitting AND

worker OR working from home OR employment OR employee OR occupation.

3. Results

Our search identified a total of 982 records. When duplicates were removed, studies
were limited to English and human samples, and inappropriate manuscript types were
excluded: a total of 508 records were retained. After title and abstract screening, we located
80 full-text articles. The citations of these papers were then screened. An additional nine
eligible papers were identified and one of these was retained after full-text review. At
the end of the selection process, additional sources were screened to find other relevant
studies, and finally, four studies were added to the selection. Due to the actuality of the
research topic, we have found several early-stage studies, and three of them were selected,
for which the publications are currently in the peer-review process phase [42—44]. In two
cases, we selected a high-quality master’s thesis or project work [45,46].

The flowchart of the search and selection process is shown in Figure 1.

3.1. Main Characteristics of the Studies

Table 2 contains a summary of the characteristics of the studies reviewed. Thirty-nine
manuscripts were selected as a result of the searching process. Five manuscripts were SB
related, 15 manuscripts were PA related and 19 manuscripts addressed both PA and SB.
There were longitudinal studies (10), cross-sectional studies (28) and a case study (1) in the
selected manuscripts. The majority of the studies were conducted in Europe (18) and the
USA (6), and four studies examined the PA and/or SB in multiple countries.

Of the studies, 20 out of 39 had focused on only the employees, and 16 manuscripts
had studied the general population but directly investigated the employment status. An
average 56.35% of the examined population was employed and investigated directly of
these studies. In three cases [47-49], there was no information about the ratio of em-
ployees in the examined population, but the daily occupational PA was determined, and
we considered this information. The total of 39 included manuscripts yielded a total
of 118,022 participants with a range of job types. Twelve studies especially examined
office workers [23,46,50-59], and 11 studies [22,23,42,44-46,52,60-63] examined WFH or
remote working.

3.2. Measurement Types and Outcomes of the Studies

Objective measures were less common and were used in only 12.8% of the examined
studies. Different smart technologies were used to identify PA patterns; two times activity
trackers [50,51] and accelerometers [52,53] were used, one time a mobile application was
used [64] and one time a mixed methodology was used (next to the objective measurement
self-report measure International Physical Activity Questionnaire—short form also em-
ployed to collect additional information) [65]. The majority (35 studies) of the studies used
subjective, self-reported but generally before-validated questionnaires (e.g., International
Physical Activity Questionnaire, Global Physical Activity Questionnaire, Occupational
Sitting and Physical Activity Questionnaire).
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A range of outcomes was used to categorize PA and SB changes in the form of time
(e.g., METs/min/week, step counts/day or different types of PA levels in minutes or
hours/day or week) and as a percentage of the population.

Records identified from
database searching
[ PubMed (245)
Scopus (423)
ScienceDirect (314)
Total (982)

Identification

A 4

Records after duplicates
and inappropriate
manuscript types

removed
(508)
Yy
Studies irrelevant after
title and abstract
screening
Records screened (428)
(508)
o
E Manuscripts excluded:
@
i Changes in PA or/and
‘3 4 SB not examine (9)
Proposals/Interventions
Full-text articles (13)
assessed for eligibility PA / SB not examined
(80) among employees OR
no information (24)

< Including articles
identified through
reference list of selected
studies

M

Iltems identified from
additional sources
Researchgate (2)
Google search (2)

Studies included
39

Figure 1. Study selection process.
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Table 2. Characteristics of included studies.
Working
Author (Year Title of the Sample PA or SB Study Population Employment C.hanige Key Findings C.hange Key Findings Related Main Outcomes
of . Country . . Direction Direction
A, Manuscript Size Assessment Design of the Status . Related to SB . to PA Outcomes Category
Publication) Sample in SB in PA
Physical activity, .. .
Adamkis sleep and weight Activity ) During COVID-19,
> tracker case study— Office there was a significant step
(2021) management in IRE 1 - Workers NI v . .
= (Garmin 8 weeks worker decrease in daily count/day
[50] the COVID-19 era: e
Vivofit 4) steps taken.
a case report
The total PA did not
decline during the
COVID-19 lockdown.
There was no evidence
of a decline in any of
No pidere fora e e ol 2 Walking
Physical Activity moderate-intensity moderate-
Aegerter et al. A . . . X . . intensity
mong Swiss self-reported longitudinal Office —_ activity and MET min- -
(2021) Office Work SUI 76 IPAO-SF d Workers X NI . ! . K activity,
[55] fice Workers (IPAQ-SF) study worker vigorous-intensity utes/wee! vigorous-
o During COVID-19: activity). Across the . .
. e i T 7 intensity
A Longitudinal three categories “high, activit
Study “moderate” and “low” ¥
PA, 17% of the
participants became
less active during the
lockdown while 29%
became more active.
Effects of the
COVID-19 In text: A
lockdown on si ifrilc ai:(tl. lower During COVID-19, a
musculoskeletal ‘:TZ dentar)?,time decline has been Work-related
lé'a‘rag;uslg acl‘?ié\lllirtl/ zi}sfvﬂrk self-reported Cross- Office was detected. No self—redi)tl"etcetgilAn levels Pliaescilzil 5 ortl?fe/lated
iy, . EST 161 P sectional Workers v significant \ P . ysK P
(2021) environment in (BPAQ) worker . . (sport, leisure). Activity PA and
e . . data difference in the . . .
[56] Estonian office duration of However, an increase Index leisure-time
workers continuous work can be observed in PA.

transitioning to
working from
home

was found.

work-related PA level.
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Table 2. Cont.

Working
Author (Year Title of the Sample PA or SB Study Population Employment C.hange Key Findings C.hange Key Findings Related Main Outcomes
of M . Country . . Direction Direction
A anuscript Size Assessment Design of the Status . Related to SB . to PA Outcomes Category
Publication) Sample in SB in PA
Small perceived
changes in sitting Small perceived
time. The majority negative changes in
of respondents PA. The majority of
reported no respondents reported
. . change due to the no change due to the
Llf?:lyll\i Ii?bllts first pandemic pandemic in daily PA Perceived
Bl tal H alth . i. aht £ ~ Blue-collar wave (66.1%) and (first wave: 62.5%; min/day, E cerve
om et al ealiin Lght o cross workers/White- second wave _— second wave: 72.2%) percentage of change m
(2021) the Two SWE 5599 self-reported sectional Workers 0/ o ieps . . sitting time,
157] COVID-19 data collar (78.5%) in sitting and exercise (first the daily activit
- Pandemic Waves workers time. White-collar wave: 59.4%; second respondents ezercise Y,
in Sweden, 2020 workers had wave: 71.0%). :
4 higher odds of White-collar workers
decreasing had higher odds of
sedentary time increasing daily PA
compared to and exercise than
blue-collar blue-collar workers.
workers.
Daily
occupation,
Impact of No infor- transporta-
Bourdas— COVID-19 ma tion, During COVID-19, a tion to a_nd
. Lockdown on Cross- just R . from daily
Zacharakis Physical GRE 8495 self reported tional No referen NI v large decline has been MET min- tion
AT ctive- information etected in dail utes/wee! . .
2020 A yst ca Active-Q sez1 ct) a inf . ; efere ce_ 3 d in daily Jweek loccupat on,
[47] S Ccovityln a aa 0 occupa occupational PA level. eisure ime
ample of Greek tional activities and
Adults PA regular
sporting
activities.
Evolution of
changes in
physical activity Daily
over lockdown occupation,
time: Physical No infor- transporta-
Bourdas— AR EseS M During COVID-19,2 from daly
Zacharakis . self reported - No J large decline has been MET min- Yy
independent adult GRE 5206 . sectional . . reference NI v N . occupation,
(2020) sample eroups (Active-Q) data information to cccupa- detected in daily utes/week leisure time
[48] ple group oceup occupational PA level. o
corresponding to tional activities and
each of the last PA regular
four of the six sporting
activities

COVID-19
lockdown weeks
in Greece
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Table 2. Cont.
Working
Author (Year Title of the Sample PA or SB Study Population Employment C.hange Key Findings C.hange Key Findings Related Main Outcomes
of M . Country . . Direction Direction
A anuscript Size Assessment Design of the Status . Related to SB . to PA Outcomes Category
Publication) Sample in SB in PA
Sedentary
Physical behaviour:
Behaviours in lyl_r;g‘ and
Brazilian Office tSI :;.Ig’ .
Workers Working Office workers sl.ar}lltllgli:’
from Home accelerometer spent much time 18! : d
Brusaca et al. during the (Axivity AX3) longitudinal Office in SB, but no During COVID-19, inovmgﬂjn .
(2021) COVID-19 BRA 11 + study (5 days Workers worker — significant change v workers spent less time min/day Sn?‘tiv;; Tg_’
[53] Pandemic, self-reported (weekend)) was observed in different PA levels. rode ePAo.
Compared to diary during the tho ro‘ii. .
before the COVID-19. as V\t’a. ng,
Pandemic: A l.s ?;.r
Compositional cumbing, d
Data Analysis running an
cycling,
time-in-bed.
400
(con-
finued During COVID-19, a
Smart technology ine as Workers— Employee/ large decline has been
. for physical & as 50.5% of the proy! detected in daily step MET min-
Buoite Stella . usual: self-reported Cross- Manager/
et al. (2020) activity and health ITA 59 (IPAQ-SF; sectional respondents— Freelancer/ NI v count and MET value utes/week;
[' 65] assessment during erson ste data), data 17.25% Health pro- (IPAQ-SF) among step
- COVID-19 p can p investigated fessi P 1 those who continued count/day
lockdown iden- directly essiona working as usual
tify as during the lockdown.
a
worker)
Impact of SB were .
COVID-19 Wgrkers_ negatively PA were negahvely Walking,
- Ny 78% of the ! affected during the
Castafieda— confinement on cross- respondents: affected during COVID-19 outbreak moderate-
Babarro et al. the time and ESP 3800 self-reported . P ’ the COVID-19 s outbreax. MET min- intensity PA
. . sectional Study Workers A \ Significantly decreased .
(2020) intensity of (IPAQ-SF) o outbreak. . utes/week and vigorous-
[43] hysical activity data work—10% Significant VPA, walking can be intensity PA,
- Lt . of the e observed, MPA did not oY B
in the Spanish increase can be sitting.
. respondents change
population observed.
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Table 2. Cont.
Author (Year . Working
of I\"I;Il;lrfuof t}'\e Country Sample PA or SB Stu'dy Population Employment DCi?:cI:?oen Key Findings ])Ci?:;;‘;:n Key Findings Related Main Outcomes
Publication) script Size Assessment Design of the Status in SB Related to SB . to PA Outcomes Category
Sample inPA
Changes in the Prevalence of >4
prevalence of h/day of
physical inactivity Z\QVO‘;k;{]s— TV-viewing and Prevalence of physical min/<vlvseoek of
Da Silva et al. bzr}'l‘: Vs;zde;ta}‘y self—repgrted cross- afd 0207133 WFH/Normal cor2n4 Et/e(ié;}t]a%flet . 1r}act1vlity' (<150 d PA; >4 h/day
(2021) r during BRA 39,693 (ConV1_d— sectional work with rou- npute min/week) increased, percentage of STV
[60] COVID-19 , Behavior q rk wi tine/No A ) mgmflcantly v therefore PA declined the o
pandemic: a Survey) ata n_ormal work increased during during the COVID-19 respondents >Z1}€13viimg, ¢
survey with routine of the the COVID-19 pandemic in the >4h/day o
39,693 Brazilian respondents pandemic in the working population. com-
adults working puter/tablet.
population.
Sharp decline in daily
How COVID-19 steps has been
lockdown and detected, and it was
reopening affected followed by a slow but
daily steps: Smartphone steady increase. This
Ding et al. evidence based on application N increasing trend
(2021) 164,630 CHI 815 (WeRun— longitudinal Workers Workers NI v continued into the step
[64] person-days of step study reopening phase. By count/day
prospectively data) the end of the study
collected data (3.5 month into the
from Shanghai, reopening), total step
China counts were still
slightly below the
baseline level.
Workers— During COVID-19,
72.9% of the those who transitioned
Factors Protecting ??’lef:l‘iﬁorttsg res(g\(;?s{ents. st;)vxvrvsl;ﬁrrf nﬁz(l’fir;é‘g;:?e
Fearnbach ag?‘“;tha ]?ecime Biomedgical Cross- 32.2%; Not WEH /Not in PA, whereas all MET mml;
etal 2021) ~, InPRysca Usa 4376 COVID-19 sectional  WFH—374%; WEH/Already ) others (not working utes/week, Perceived
ctivity during ’ WFM/No v percentage of R
[61] the COVID-19 Health data Already from home, already the change in PA.
Pandemic Behaviors WFH— work working from home respondents
Survey) 3.3%;—Not before COVID-19 and P
working— not working before
27.1%) COVID-19)

experienced a decline.
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Table 2. Cont.
Working
Author (Year Title of the Sample PA or SB Study Population Employment C.hange Key Findings C.hange Key Findings Related Main Outcomes
of M . Country . . Direction Direction
A anuscript Size Assessment Design of the Status . Related to SB . to PA Outcomes Category
Publication) Sample in SB in PA
Despite of Due to participants
Physical activit employees have having been
3’ dh ty b P yt' ivati participating in a
t;n & d'frence ° cen parhlc1ﬁ}a1 ng health promotion
e pedierancan s bl proran gt
Spani g p COVID-19 pandemic, a . Walking,
panish program, SB were significant increase has MET min- moderate-
Franco et al. employees in a self-reported cross- Office negatively Eg en detected in the utes/week, intensity PA
(2021) health-promotion ESP 297 P sectional Workers A affected during A percentage of ensity A,
- (IPAQ-SF) worker moderate and total vigorous-
[54] program before data the COVID-19 . the . .
- activity and a intensity PA,
and during the outbreak. The non-significant respondents sedentarism
gg\ﬁ?_l”?h ratio Stfl siedt;nttary increase in vigorous
pan te _hc. lthe pa ';pa ﬂs activity and
sanitas-heatthy | Sighuticanty non-significant
cities challenge increased during ; .
: decrease in walking
the pandemic. reported
Desk
workers . SB, moderate-
SB was negatively : X
(sales or affected during intensity
services; activity,
) COVID-19 Clerical/ the COVID-19 vigorous-
Gibbs et al. shelter-at-home self-reported longitudinal administrative outbreak. PA was no affected hours/day, intensit
(2021) and work, lifestyle USA 112 b & Workers : A Increased sitting - during the COVID-19 min- NIty
= A (SBQ; PPAQ) study support; N activity,
[58] and well-being in Profes- and screen time outbreak. utes/week moderate to
desk workers sional/ can be (?lalierved, vigorous
managerial / especia’ly on intensity
) non-workdays. -
technical; activity.
Other)
Sedentary,
standing and
moving
Working from behaviours did
& not change Standing and moving
home during the markedly during behaviors did not
Hallman COVID- accelerometer longitudinal Office davs WFH chanee marked] Sitting/lying,
(2020) 19outbreak in SWE 27 (Axivity study (7 day Workers . - P dtod NI e WL minutes/day standing,
[52] Sweden: effects on AX3) (weekend)) worker compared to days uring days moving.
24-h time-use in ' WAO. A total

office workers

sedentary time of

this size, which is
consistent with
other studies of
office workers.

compared to days
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Table 2. Cont.
Working
Auth(()); (Year Title of the Count Sample PA or SB Study Population Employment DCi?:cI:?oen Key Findings ])Ci?:;;‘;:n Key Findings Related Main Outcomes
N Manuscript Y Size Assessment Design of the Status . Related to SB . to PA Outcomes Category
Publication) in SB in PA
Sample
Influence of the The majority of Walking,
COVID-19 respondents (70%) During COVID-19, moderate-
H d lockdown on ~ Remote reported spending more respondents intensity
ernandez remote workers’ self-reported cross worker/not a greater amount managed to increase MET min- activity,
etal. (2021) hysical and GBR 184 IPA sectional Workers A i i A hei . d PA K .
[42] physical an (IPAQ) data remote o tlme sitting the investigate utes/wee] vigorous-
psychosocial worker during the levels (VPA, MVPA, intensity
wellbeing and COVID-19 walking). activity,
work productivity lockdown. sitting.
Effects of Working dd
t Home During Increase_ time
a spent in SB. .
COVID-19 on H s During COVID-19, a
Sedentar owever, sitting decline has been Sittin,
e Y time decreased d din all d'g/
Huntley, DG Behavlor,_ Use of self-reported Cross- but no significant _etecte‘ ina ) Stan ling,
(2021) Strategies to USA 194 sectional Workers WFH A . v investigated Minutes/day Walking,
(OSPAQ) difference was
[45] Decrease data non-sedentary levels Heavy
found between . .
Sedentary (walking, standing, Labour.
Behavior, and the pre-COVID-19 heavy labour)
Perceived’Work and during '
COVID-19 times.
Performance
Sedentary screen
time (SST) at work
decreased during
COVID-19
Sedentary Screen
A ) compared to Work-related
Karaca et al. Time in Working If- ted Cross- before COVID-19 SST at K
(2020) Adults Before and TUR 602 se Pr;gor © sectional Workers Employed A (;'cire . 1’ NI Hours/week W 1? Vilor ci
6] During COVID-19 (PAAQ) data while recreationa ork-relate
Pandemic SST increased. SST at home.
Work related
sedentary screen
time (SST) at
home increased.
The effects of the
COVID-19
. Formal
pandgmlc on t.he sector/ Huge decline can be ;
physical act1\_/1ty 4460 Woor kers— Informal observed in the MVPA min- Work-related,
Katewongsa of the Thai Cross- 80.2% (2019) . utes/week,
L (2019) self-reported - o sector/ percentage of Thai transporta-
et al. (2020) population: THA sectional 83.6% (2020) : NI v . percentage of .
. 4482 (GPAQ) Private adult workers with tion and
[67] Evidence from data of the . . . the X
. , (2020) enterprise/ sufficient MVPA in all recreational.
Thailand’s respondents Aericul £ . respondents
Surveillance on griculture/ types of occupation.
Unemployed

Physical Activity
2020




Sustainability 2021, 13, 9524 12 of 25
Table 2. Cont.
Working
Author (Year Title of the Sample PA or SB Study Population Employment C.hange Key Findings C.hange Key Findings Related Main Outcomes
of Country . Direction Direction
Publication) Manuscript Size Assessment Design of the Status in SB Related to SB in PA to PA Outcomes Category
Sample
The effect of During the
containment COVID-19
measures during Formal pandemic, SB
pandemicto 5379 Workers— 200 Tovls o1 5 e B Workrelated
Katewongsa p dent (2019) If- ted Cross- 79.2% (2019) tor/ L t minutes/day, ¢ o s
et al. (2020) seqentaty THA S reporte sectional 84.2% (2020) sector A mostirequen NI percentage of ransporta
behavior of Thai 6531 (GPAQVv.2) Private among employees tion, and
[68] s data of the . . X the .
adults: Evidence (2020) dent enterprise/ in the private dent recreational.
from Thailand’s respondents Agriculture/ enterprises. Slight respondents
surveillance on Unemployed decrease can be
physical activity observed in SB in
2019-2020 the formal sector.
Work-related
Changes in vigorous PA,
Workers’ nigavt\;?eely Work-related
P?i?g;ijggﬁ affected during PA were negatively mgiir:tigfx’
]%,ehaviors in y the COVID-19 affected during the relateg PA
. outbreak. The COVID-19 outbreak. . ’
Kooshari et al. Response to the self-reported longitudinal total SB level The total PA level Leisure-
(2021) COVID-19 JAP 2466 ey - Workers Workers A o v it 4  Hours/day related
[17] Pandemic and ( Q study _ signiticantly significantly decrease vigorous PA
Their increased during during the pandemic Leisure- ’
Relationships the pandemic (All domain specific related
- 1P ’ (The work related PA decreased).
With Fatigue: and the PC use moderate PA,
Longitudinal itting time) Sitting time
Online Study siting ime). in different
domain.
The total PA declined
Immediate Impact during the COVID-19
Lopez— of the COVID-19 cross- Workers— lockdown among
Bueno et al. Confinement on self-reported . o Employed/ employees. . PA, MVPA
(2020) Physical Activity ESP 2042 (PAVS-SF) sefit;(t):al r253 /00232;;5 Unemployed NI v Unemployed group Minutes/week (WHO)
[69] Levels in Spanish P showed greater PA
Adults levels decline than
those employed.
COVID-19 Increased time
pandemic and spent at the
lockdown: cause workstation.
- Cellphone
of sleep Office workers
Majumdar disruption, self-reported Cross- Workers— Office spent greater lisag/el, Dfsk-
et al. (2020) depression, IND 558 (MCTQ;CES- sectional 36.4% of the worker/ A duration of time NI Hours/day op/aptop
[59] somatic pain, and D;NQ) data respondents Students on their cell usage,
. Television
increased screen phone, Lsage
exposure of office desktop/laptop 8¢

workers and
students of India

computers during
the lockdown.




Sustainability 2021, 13, 9524

13 of 25
Table 2. Cont.
Working
Author (Year Title of the Sample PA or SB Study Population Employment C.hange Key Findings C.hange Key Findings Related Main Outcomes
of Country . Direction Direction
Publicati Manuscript Size Assessment Design of the Status . Related to SB . to PA Outcomes Category
ublication) Sample in SB in PA
Working
Health behaviors Workers— ;;?ee /V}I{zﬁ;)te People working
and mental health 14.4%
before and during (remote Work/Part— remoAtely spent People working
Mata et al. S time work, more time in front ¢ Percentage of
the COVID-19 longitudinal workers) of remotely less active
(2020) andemic: A GER 3500 self-reported crud the furloughed, A of the screen \ durine the COVID-19 the
[44] Il) neit dil"l 1 y ' ndent unem- during the lg kdown respondents
ongitudina respondents ployed/ COVID-19 ockdown.
population-based investigated Reti
X etired/ lockdown.
survey. directly Not
working
Working From
Home and Job .
McDowell Loss; Due to the Cross- No C;ange Greater time spent PA did not differ by Mlgﬁ;ii/o cfiay,
et al. (2020) COVID-19 USA 2303 self-reported sectional Workers A sitting and -_— COVID-19
X work/WFH/ - WHO recom-
[22] Pandemic Are data bl viewing screens. employment changes. dati
Associated With Job loss mendation
Greater Time in SB
COVID-19-related S
s tep
mobility I . .
o L . n text: Indices of PA (step count/day,
ng et al. reduction: Activity o
SIN— S longitudinal Most were count and MVPA), moderate to
(2021) heterogeneous INT 1824 tracker (Fitbit d Workers 6 NI v declined duri . PA
[51] effects on sleep Tonic) study office eclined during vigorous
nd physical worker COVID-19 lockdown. (MVPA)
and physica minutes
activity rhythms.
Indirect Health
CE g@igfig Workers—
’ 74.58% of . Decreased physical
Radwan et al. Unhealthy cross- respondents WEFH/Working/ activity was Percentage of Decreased
(2021) Lifestyle UAE 2060 self-reported sectional P o Not NI v s y . the
- . (WFH 54.8% . significantly associated PA.
[62] Behaviors during data ) . 4 working ith WEH respondents
the Lockdown in 1n§gst1g1e1 te wit ’
the United Arab irectly)
Emirates
SB were
Musculoskeletal negatively
Pain and affected during During COVID-19, a
Rodriguez— T?l"lii;ve(;ﬂ;rzﬁén Administrative ﬂ':;ﬁ)?;ﬂ);? dszltl;ete}:ia isnb:ﬁn
Nog%eira COVID-19: self-reported cross- staff/Teaching signiﬁca'n’t investigated PA levels, PA (never,
. ) ESP 472 sectional Workers and A . v ’ Hours/day seldom,
etal. (2021) Analysis of the (SNQ) increase was but the number of
data research . frequently).
[70] Impact on the staff observed in the women who carry out
Workers at Two number of exercise frequently has
Spanish participants who increased.
Universities not doing any
exercise.




Sustainability 2021, 13, 9524

14 of 25

Table 2. Cont.

Author (Year Working Change Change
Title of the Sample PA or SB Study Population Employment L Key Findings S Key Findings Related Main Outcomes
of . Country . . Direction Direction
A Manuscript Size Assessment Design of the Status . Related to SB . to PA Outcomes Category
Publication) Sample in SB in PA
Occupational Office workers are
Sedentary very much Minutes/d
Schaap (2020) Behaviour During If- ted Cross- Office sedentary while Participants v is a};, Sitting,
¢ a?}f@] COVID-19 NED 119 se (];S%cg)e sectional Workers worker A working from v experienced less PA perce’gl:ge ° moving,
Regulations- data (WFH) home during the during WFH. standing.
. respondents
Related Working COVID-19
From Home regulations.
Work
outside of
home/Work The total PA declined
Physical Activity at during the COVID-19
Schmidt— in Crisis: The cross- Workers— home/Work lockdown in the WFH,
Pawlowski Impact of 3 ; 60.2% of the partly partly WFH groups. .
(2021) COVID-19 on DEN 1802 self-reported Sefit:t)gal population outside NI v An increase has been Minutes/week PA
[63] Danes’ Physical are employed partly at detected among the
Activity Behavior home/Not work outside of home
work/Sent group.
home stu-
dent/Other
Physical Activity,
Nutritional
Habits, and Empl had
Sleeping Behavior }r: ph(;}r]enise diaama Walking,
T in Students and BSc stu- 1ghetr medi: The employee group . moderate-
aeymans Cross- Workers— daily sitting time. MET min- . .
tal. (2021) Employees of a self-reported - o dents/MSc showed a lower intensity PA,
etal. . R . SUIL 821 sectional 12.2% of the A Prevalence of long NI . utes/week, .
Swiss University (IPAQ-SF) students/ R median summed MET . and vigorous-
[71] - data respondents sitting time is . minutes/day . :
During the Employees higher compared minutes per week. intensity PA,
COVID-19 . sitting.
. to national data.
Lockdown Period:
Questionnaire
Survey Study
A pandemic .
within the No infor- Dgzg%ﬂgg;gg;i’ a Moderate-to-
pandemic? mation, detected in all vigorous PA,
Wilke et al. Physical activity self-reported Cross- no just investigated PA levels vigorous PA
2021 levels INT 13,503 p sectional . . reference NI v gate . Minutes/week durin,
8
) - (NPAQ-S) information Declines in PA were . :
[49] substantially data to occupa- hi . leisure time,
. . igher for occupational ;
decreased in tional (53%) than for leisure occupational
countries affected PA ? time.

by COVID-19

time (34%).




Sustainability 2021, 13, 9524

15 of 25
Table 2. Cont.
Workin,
Author (Year Title of the Sample PA or SB Study Populatign Employment C.hange Key Findings C.hange Key Findings Related Main Outcomes
of M . Country . A Desi £ th S Direction Related to SB Direction PA o C
Publication) anuscript Size ssessment esign of the tatus in SB elated to in PA to utcomes ategory
Sample
Impacts of Overall PA
Working From During COVID-19, a stancitisﬁg'/ “te
Home During large decline has been cou r%t,) P
Xiao et al. COVID-19 Cross- Office In text: Increased detected in daily Percentage of Ph Sica,l
(2021) Pandemic on INT 988 self-reported sectional Workers worker NI time spent at the \ occupational PA level. the exerc}iise e
[23] Physical and data (WFH) workstation. Respondents reported respondents classes &
Mental Well-Being decreased overall PA walkine
of Office and exercise. running
Workstation Users biking).
Determinants of
physical activity During COVID-19 Walking,
Yang— maintenance Employed/ decline has been moderate-
Koenigstofer during the USA 131 self-reported longitudinal ggf/ﬂ;efr:}; Self- —_ v detected in two PA MET min- intensity PA,
(2020) COVID-19 (IPAQ-SF) study res ?)n dents employed/ levels: moderate PA utes/week vigorous-
[72] pandemic: A P Unemployed and vigorous PA intensity PA,
focus on fitness decreased. sitting.
apps.
Moderate to
vigorous physical SB were
activity and negatively
sedentary affected during MVPA, SB—
S b_ehavio‘r char}ges Workers— Employed/ the COVID-19 During COVID-19, persisjcent
chuch et al. in self-isolating Cross- 66.1% of the Unemployed/ outbreak. MVPA declined in Hours/day, inactive,
(2021) adults during the BRA 877 self-reported sectional . Student/ A Significant v . min- decreased PA,
respondents o . those with an .
[73] COVID-19 data (self-isolated) Military / increase was occupation utes/week increased PA,
pandemic in Retired observed in the P : persistent
Brazil: a number of active.
cross-sectional participants who
survey e?ploring were employed.
correlates.
Physical activity
levels in physical
education The level of PA
Hall-Lopez teachers before self-reported Cross- MET-minutes/week of MET min- Low,
(2020) and during school MEX 37 (IPEQ) sectional Workers Workers NI v PE teachers decreased utes/week Moderate,
[74] suspension data during the COVID-19 High.
brought by the quarantine.
COVID-19

quarantine




Sustainability 2021, 13, 9524

16 of 25
Table 2. Cont.
Working
Auth(()); (Year Title of the Count Sample PA or SB Study Population Employment DCi?:cI:?oen Key Findings ])Ci?:;;‘;:n Key Findings Related Main Outcomes
Publication) Manuscript Y size Assessment Design of the Status in SB Related to SB in PA to PA Outcomes Category
Sample
During COVID-19,
daily walking and
Effects of home home PA decreased.
quarantine during Employed/ However, there was a Dail
COVID-19 Unemployed/ significant percentage Y
Alfawaz et al. lockd KSA— Cross- Workers— Student ] tici ts wh walking,
(2021) ockdown on 1946 self-reported sectional 58.6% of the uden NI v O participants who Days/week Home PA
physical activity INT /Own increased their . .
[75] . : data respondents . ; with weights,
and dietary habits business/ frequency by 3—4 times Swimmi
of adults in Saudi Farmer per week in swimming. WImming.
Arabia Employment status
has no effect on this
result.
The Acute Effects
of the COVID-19 Undereraduate/ Participants
Pandemic on Gra dtigate / significantly Although the overall Mild
Barcley et al. Physical Activity self-reported Cross- Workers— Faculty/ increased average PA increased among MET min- Moder. ,t
(2020) and Sedentary USA 398 (IPAQ, sectional 53.7% of the Z‘;uffy A weekly sitting - the employees, this is utes/week, V.O erate,
[76] Behavior in Godin) data respondents an . during the not supported by the Godin Score 180Tous,
. . Administration/ ¥ . Sedentary.
University Other COVID-19 statistical analysis.
Students and isolation.
Employees.
Self-reported
hchianlges tlir‘l]i More than half of More than half of Moderate
p ysse;i;n?;r ty the respondents respondents (55%) intensity PA,
Greany et al. behavior a}; d Cross- reported an reported an increase in  Percentage of Vigorous
(2021) screen t/ime USA 835 self reported sectional Workers Workers A increase in SB A MPA and nearly half of the intensity PA,
[77] . data (63%) an ST respondents (48%) respondents Sedentar
among informal P P y
repivers durin (weekday: 61%; reported an increase Behavior,
Caﬂiieg CV S\S/IE;{ 19 & weekend: 57%). VPA. Screen time.

pandemic.

Notes: Countries abbreviation: IRE = Ireland, BRA = Brazil, USA = United States of America, SUI = Switzerland, SWE = Sweden, MEX = Mexico, DEN = Denmark, INT = International, NED = Nederland,
GER = Germany, JAP = Japan, GBR = Great Britain, THA = Thailand, CHI = China, ITA = Italy, GRE = Greece, TUR = Turkey, ESP = Spain, EST = Estonia, UAE = United Arab Emirates, IND = India, KSA
= Saudi Arabia, SIN = Singapore. Measurements abbreviation: IPAQ-SF = International Physical Activity Questionnaire—Short Form, Active-Q = Active-Questionnaire, BPAQ = Baecke Physical Activity
Questionnaire, SBQ = Sedentary Behavior Questionnaire, PPAQ = Paffenbarger Physical Activity Questionnaire, OSPAQ = Occupational Sedentary and Physical Activity Questionnaire, GPAQ = Global Physical
Activity Questionnaire, PAVS-SF = Physical Activity Vital Sign—Short Form, MCTQ = Munich Chrono-Type Questionnaire, CES-D = Epidemiological Studies-Depression Scale, NQ = Nordic Questionnaire,
PAAQ = Physical Activity Assessment Questionnaire, NPAQ-S = Nordic Physical Activity Questionnaire—short, BQOS = Brief Questionnaire on Occupational Sitting, SNQ = Standardized Kuorinka Modified
Nordic Questionnaire, Godin = Godin Physical Activity Questionnaire; Other abbreviations: MET = Metabolic Equivalent, MPA = Moderate Physical Activity, MVPA = Moderate to Vigorous Physical

Activity, VPA = Vigorous Physical Activity, SB = Sedentary Behavior, PA = Physical Activity, SST = Sedentary Screen Time; A = Increase; ¥ = Decrease; — = No change; NI = No investigation; NA = No
available information.
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3.3. PA in Adult Working Populations

In total, 76.4% of the studies described an overall decrease in the level of PA during
the COVID-19 pandemic. In two cases, researchers observed an increase in PA among
working adults. In the case of Franco et al. [54], respondents have been participating
in health promotion programs during COVID-19 and maybe for this reason an increase
has been detected in PA levels. In the other case [42], there were no specific promoting
circumstances related to the PA level increase. Five studies [22,55,57,58,76] reported no
significant changes in the level of PA between the periods. Studies addressed changes in
PA in different forms: time spent on PA, step counts, percentage of the sample, comparison
of results with the previous national data.

3.4. SB in Adult Working Populations

As far as SB is concerned, 18 out of 24 of the studies reported an overall increase
in the amount of SB between the two periods. Four manuscripts [52,53,57,72] reported
no significant change in the amount of SB, and there was only one manuscript in the
examined studies that reported an overall decrease in the SB time before and during the
COVID-19 pandemic among the working adult population. Studies addressed changes in
SB in different forms: time spent on PA, step counts, percentage of the sample, comparison
of results with the previous national data.

One paper [71] did not directly examine the changes of the amount of PA or SB pre-
COVID-19 versus post-COVID-19 lockdown; however, the possible effect of lockdown can
be observed. In Taeymans et al. study [71], the employees had a higher median daily sitting
time and lower median summed MET minutes per week than other examined groups and
the prevalence of long sitting time is higher compared to national data.

4. Discussion

The present review provides an overview of studies examining the changes in the
employment’s PA and SB during the COVID-19 pandemic. We identified 39 studies
including different types of employments from several countries. Regardless of the applied
methodology, a greater part of the investigated studies found that SB level increased and
PA level decreased among the employees during the lockdown period.

Three-quarters of the studies reported negative effects on PA during the COVID-19
pandemic. In two cases, researchers observed an increase in PA among the employees,
and six studies reported no significant changes in the amount of PA pre-COVID-19 versus
post-COVID-19 lockdown among employees. Although [78] examined the impacts of
the pandemic on a general population, our results are in line with the findings by this
systematic review [78], which revealed that most of the selected studies found that the
level of PA declined during the lockdown period. Several other studies examining different
population groups found similar effects of the COVID-19 lockdown on participants’ PA
and sedentary patterns. For example, an online survey that examined the effects of the
COVID-19 pandemic on PA among children in the USA reported that the parents perceived
a decline in the PA level of the children as compared to before the pandemic [79]. In a
mini-review [80], the authors reported a significant reduction of PA levels among university
students compared to pre-lockdown values. Moreover, another review study investigating
adults with physical disabilities and /or chronic diseases found a decrease in PA during the
first wave of COVID-19 in almost every examined study [81].

A variety of methodologies and PA measures were used in the investigated articles
(Table 2). Most of the studies had a cross-sectional design and applied mostly validated
self-reported questionnaires, and only 12.8% of the research used objective measures. To
avoid the limitations of the self-reported questionnaires, using objective measurement
(e.g., accelerometer, pedometer) might be a solution [64]. Future research should focus on
objective, directly comparable, accelerometer-based data where it is possible. For example,
worldwide data from different wearable activity trackers revealed an overall decrease
in step counts during the COVID-19 lockdown [82-84]. Tison et al. [85] examined the
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changes in step count before and during the COVID-19 lockdown. The study found a
decline in smartphone-derived step counts based on aggregated data. Differences can be
observed between regions due to the regional variation in COVID-19 timing, enforcement,
and behavior change [85].

Another study [64] also examined smartphone-based step counts from 815 Chinese
adults before, during and after the lockdown. The study reported a sharp decline in daily
step counts due to the abrupt nature of the lockdown, followed by a slow, steady increase,
and almost four months after reopening, the total step counts were still slightly below the
baseline level [64]. Objective data would be able to highlight the long-term consequences
of the pandemic on peoples” PA level changes. The prediction of the long-term health
effects of the lower PA level during and after the COVID-19 pandemic is difficult. However,
a study from Japan reported a lasting significant decrease in PA level over three years
following the 2011 earthquake and tsunami [24,86].

A potential reason for the decline in PA level among working adults might be that, on
the one hand, during COVID-19, national governments prohibited several activities such as
the majority of outdoor and social activities and most gyms, leisure and sporting facilities
closed, therefore, people found it difficult to be active. On the other hand, additional
responsibilities (e.g., school-aged children at home) for working adults and especially
home-working employees also decreased opportunities to be active.

In contrast with the studies that showed a decline in PA levels among working adults,
in two studies from Sweden and two studies from Switzerland, no changes in PA level
were reported during the COVID-19 pandemic. These results can be explained by the less
strict lockdown measures in the two countries: the stricter the confinement measures, the
more likely that PA patterns are affected.

In most cases, people working remotely were less active during the COVID-19 lock-
down [44,46,62], and those who continued to work at normal routine usually did not
observe such a high level of changes in their PA level [52,58]. Dispersedly mode-specific
and subgroup-specific increases can be found in different PA levels. However, the total
PA levels decreased [70]. For example, in an Estonian [56] study, office workers reported
a significant decrease in self-reported PA levels (sport, leisure), although an increase was
reported in work-related PA level. However, the total level of PA decreased.

To slow down the spread of the coronavirus, several countries introduced enforcing
social distancing, and the severity of these containment measures varies between countries.
Lockdown restrictions, including self-isolation, stay at home, physical distancing, travel
limitations, restrictions on public movement and banned sports activities and exercise
outdoors are just some examples introduced during the pandemic [87]. This new virus
has significantly altered people lives, and employment as well, businesses had to close
permanently or constantly and many workers (especially office-based workers) were
required to shift to a remote working environment (WFH) to stay safe [22]. For example, in
Spain, remote work rose from almost 5% to 34% during quarantine [54]. Another study
reported that nearly 50% of the participated organization had more than 80% of their
employees working from home during the first wave of the COVID-19 pandemic [88].
The rise of remote working during the COVID-19 pandemic was confirmed in several
other studies as well [89-92]. Switching to home offices may have a negative impact on
employments” healthy habits. Employees and especially office workers are already at
risk for being physically inactive (spending three-quarters of the workday in SB) [93],
and it is especially true during the lockdown and the rise of WFH, which was associated
with extended sedentary periods and increased screen time [22,52,54,78,94]. Employees
who worked from home spent longer uninterrupted SB time during work time than those
who never worked at home [95]. Even more alarming, if people spend more time sitting
during the workday, they will spend more time sitting during their leisure time [4,96].
Furthermore, additional responsibilities (e.g., school-aged children) for home-working
employees also decrease the opportunities to be active. According to a UK survey, 85%
of UK employees with school-age children are balancing homeschooling with work [97].



Sustainability 2021, 13, 9524

19 of 25

Not surprisingly, 18 studies out of 24 reported an increase in SB time. In contrast with
the studies that showed an increase in SB level among working adults, only four studies
reported no changes in SB level during the COVID-19 pandemic (two studies from Sweden
and two studies from Switzerland) [52,55,57,71]. These different results could be explained
by the less strict lockdown measures in the two countries: the stricter the confinement
measures, the more likely SB patterns are affected.

Although Stockwell et al. examined the impacts of the pandemic on a general pop-
ulation, our results are in line with the findings by this systematic review [78], which
revealed that most of the selected studies found that the level of SB increased during the
lockdown period. Moreover, in one study, despite employees have been participating in
a health promotion program (10,000 steps/day), SB was negatively affected during the
COVID-19 outbreak. The ratio of sedentary participants significantly increased during the
pandemic [54].

Another review study investigating adults with physical disabilities and/or chronic
diseases found an increase in SB during the first wave of COVID-19 in almost every
examined case [81].

According to McDowell et al. switching to WFH due to the COVID-19 pandemic
was associated with greater time spent sitting and was associated with more time spent
in SB each day [22,45,46]. Fukushima et al. also support the fact that office workers are
very much sedentary while working from home during the COVID-19 regulations, as they
reported that WFH workers have 111 more minutes of sedentary behavior per day than
non-WFH workers [95].

On the other hand, working from home, or in the office is even better than being
unemployed during the pandemic as regards PA and SB. Recent research [22,60,63,69],
in accordance with previous research [98], reported a lower level of PA and increased
level of SB among unemployed people. In line with these results, previously inactive
or low active people at baseline had become less physically active during the COVID-
19 pandemic [29,57]. It is important to note that activity change during the COVID-19
lockdown depends on the level of lockdown and the habitual PA [64].

Lack of PA and accumulated SB is a known major health risk factor for poor overall
health, premature mortality, and NCDs such as obesity, diabetes, and cardiovascular
disease [8,9,11,99,100]. Moreover, it is even more important for older people and people
with different chronic illnesses to be active in order to avoid the deterioration of their
condition [70,101].

Office or desk workers probably have lower PA levels than other workers [102],
therefore, it would be important, on the one hand, for organizations to be able to identify
and help to preserve their employees’ health regardless of whether they work from home
or go to the office, and on the other hand, for governments and health professionals to
encourage workers to be more active. Public health interventions are needed to break
uninterrupted SB for all workers and motivate them to increase their PA, especially those
who work from home. Innovative smart technologies may also contribute to prevent
employees from a sedentary lifestyle and increase PA. For example, digital health coach
technology can play in enhancing people’s healthy behavior [103].

A strength of our study was that we conducted a systematic review in connection
with the COVID-19 pandemic impacts on a specific population: the employees’ PA and
SB. Hence, our review may provide initial insight into the effects of the pandemic on the
workers’ activity behavior, and the results may contribute to the development of public
health interventions among the adult working population.

Limitations

Although this is a review, the study has some limitations. First of all, the still ongoing
pandemic and the novelty of the topic is one of the main limitations of the manuscript.
Reviewers made great efforts in the searching process to find all relevant manuscripts;
however, some articles may have been overlooked due to the examined databases and
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the selected searching terms. The majority of the studies applied self-reported subjective
questionnaires, which were often based on participants’ retrospective answers where
accuracy and objectivity may be questionable. In several studies, the selected sample did
not represent the population at a national level. The different occupations and workplaces
included in the selected studies also can be a bias. Different methods of assessing SB and PA
in the studies also affect the comparison of the results. Finally, our inclusion criteria could
be another bias since the present study investigated only the adult working populations
and excluded other parts of the population such as adults with physical disabilities and/or
chronic diseases or adolescents and children.

5. Conclusions

Despite the variety of measurement types and study methodologies of the selected
studies, the majority of them reported that PA levels have significantly decreased and, at
the same time, that SB levels have significantly increased in the adult working population
during the COVID-19 pandemic. The stricter the confinement measures, the more likely
that PA and SB patterns are affected. People working from home were less active during
the COVID-19 lockdown. In contrast, those who continued to work in a normal routine
usually did not observe such a high level of changes in their PA level. On the other
hand, being unemployed is even worse than WFH, or working from the office, because
unemployed people have a lower level of PA and increased level of SB. The lack of PA
and accumulated SB is a known major health risk factor for poor overall health, premature
mortality and NCDs. The findings of the present review and the well-known health risk
factors of the inactive lifestyle illustrate the urgent need to support people, especially
sitting-based workers, to increase PA and decrease sedentary time during the pandemic.
The workplace is an outstanding opportunity for promoting PA and reducing sedentary
time in the working population. Considering that the COVID-19 is an ongoing pandemic,
the adult working population should be continuously surveyed, and interventions and
strategies should be developed by organizations, governments and health professionals to
increase the level of PA and decrease sedentary time among workers, with a special focus
on people working from home.

Author Contributions: Conceptualization, G.R., K.K., E.B.B. and K.R.-O.; methodology, G.R. and
E.B.B,; software, G.R.; validation, LE, PL., E.B.B.,, KR-O., KK., Z.B. and G.R.; formal analysis, G.R,;
investigation, G.R., K.R.-O. and E.B.B,; resources, E.B.B.; data curation, G.R; writing—original draft
preparation, G.R.; writing—review and editing, G.R,, E.B.B. and K.R.-O.; visualization, L.F. and P.L.;
supervision, KK., Z.B., E.B.B.and K.R.-O,; project administration, E.B.B.and Z.B.; funding acquisition,
E.B.B. and Z.B. All authors have read and agreed to the published version of the manuscript.

Funding: The publication is supported by the EFOP-3.6.1-16-2016-00022 project. The project is
co-financed by the European Union and the European Social Fund.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Tremblay, M.S.; Aubert, S.; Barnes, ].D.; Saunders, T.J.; Carson, V.; Latimer-Cheung, A.E.; Chastin, S.EM.; Altenburg, TM.;
Chinapaw, M.J.M.; On Behalf of Sbrn Terminology Consensus Project Participants. Sedentary Behavior Research Network
(SBRN)—Terminology Consensus Project process and outcome. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 75. [CrossRef]

2. Wang, N.X;; Chen, J.; Wagner, N.L.; Rebello, S.A.; Petrunoff, N.; Owen, N.; Miiller-Riemenschneider, F. Understanding and
Influencing Occupational Sedentary Behavior: A Mixed-Methods Approach in a Multiethnic Asian Population. Health Educ.
Behav. 2019, 47, 419-429. [CrossRef] [PubMed]

3. Ryan, C.G,; Dall, PM.; Granat, M.; Grant, PM. Sitting patterns at work: Objective measurement of adherence to current
recommendations. Ergonomics 2011, 54, 531-538. [CrossRef]

4. Kazi, A.;; Duncan, M.; Clemes, S.; Haslam, C. A survey of sitting time among UK employees. Occup. Med. 2014, 64, 497-502.

[CrossRef]


http://doi.org/10.1186/s12966-017-0525-8
http://doi.org/10.1177/1090198119885431
http://www.ncbi.nlm.nih.gov/pubmed/31661980
http://doi.org/10.1080/00140139.2011.570458
http://doi.org/10.1093/occmed/kqu099

Sustainability 2021, 13, 9524 21 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Van Der Ploeg, H.P,; Hillsdon, M. Is sedentary behaviour just physical inactivity by another name? Int. J. Behav. Nutr. Phys. Act.
2017, 14, 142. [CrossRef]

Kelso, A.; Reimers, A K.; Abu-Omar, K.; Wunsch, K.; Niessner, C.; Wasche, H.; Demetriou, Y. Locations of Physical Activity:
Where Are Children, Adolescents, and Adults Physically Active? A Systematic Review. Int. J. Environ. Res. Public Health 2021, 18,
1240. [CrossRef] [PubMed]

Owen, N.; Healy, G.N.; Matthews, C.E.; Dunstan, D.W. Too Much Sitting: The population health science of sedentary behavior.
Exerc. Sport Sci. Rev. 2010, 38, 105-113. [CrossRef]

Chau, J.Y,; Grunseit, A.; Chey, T.; Stamatakis, E.; Brown, W.J.; Matthews, C.; Bauman, A.E.; van der Ploeg, H. Daily Sitting Time
and All-Cause Mortality: A Meta-Analysis. PLoS ONE 2013, 8, e80000. [CrossRef]

Thorp, A.A.; Owen, N.; Neuhaus, M.; Dunstan, D.W. Sedentary Behaviors and Subsequent Health Outcomes in Adults: A
Systematic Review of Longitudinal Studies, 1996-2011. Am. J. Prev. Med. 2011, 41, 207-215. [CrossRef] [PubMed]

De Rezende, L.EM.; Rodrigues Lopes, M.; Rey-Lépez, ].P.; Matsudo, V.K.R.; do Carmo Luiz, O. Sedentary Behavior and Health
Outcomes: An Overview of Systematic Reviews. PLoS ONE 2014, 9, e105620. [CrossRef]

Biswas, A.; Oh, PI; Faulkner, G.E.; Bajaj, R.R.; Silver, M.A.; Mitchell, M.S.; Alter, D.A. Sedentary time and its association with risk
for disease incidence, mortality, and hospitalization in adults a systematic review and meta-analysis. Ann. Intern. Med. 2015, 162,
123-132. [CrossRef] [PubMed]

Lee, I.-M.; Shiroma, E.J.; Lobelo, E; Puska, P; Blair, S.N.; Katzmarzyk, P.T. Lancet Physical Activity Series Working Group. Effect
of physical inactivity on major non-communicable diseases worldwide: An analysis of burden of disease and life expectancy.
Lancet 2012, 380, 219-229. [CrossRef]

Booth, EW.; Roberts, C.K.; Laye, M.]. Lack of Exercise Is a Major Cause of Chronic Diseases. Compr. Physiol. 2012, 2, 1143-1211.
[CrossRef]

Warburton, D.E.; Nicol, C.W.; Bredin, S.S. Health benefits of physical activity: The evidence. Can. Med. Assoc. ]. 2006, 174, 801-809.
[CrossRef]

WHO. Prevalence of Insufficient Physical Activity among Adults; Global Health Observatory: Cork, Ireland, 2018.

Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, ].-P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451-1462.
[CrossRef]

Koohsari, M.]J.; Nakaya, T.; McCormack, G.R.; Shibata, A.; Ishii, K.; Oka, K. Changes in Workers” Sedentary and Physical Activity
Behaviors in Response to the COVID-19 Pandemic and Their Relationships With Fatigue: Longitudinal Online Study. JMIR Public
Health Surveill. 2021, 7, €26293. [CrossRef]

Hadgraft, N.T.; Healy, G.N.; Owen, N.; Winkler, E.A.; Lynch, B.M.; Sethi, P,; Eakin, E.G.; Moodie, M.; LaMontagne, A.D.; Wiesner,
G.; et al. Office workers’ objectively assessed total and prolonged sitting time: Individual-level correlates and worksite variations.
Prev. Med. Rep. 2016, 4, 184-191. [CrossRef]

Sugiyama, T.; Hadgraft, N.; Clark, B.K.; Dunstan, D.W.; Owen, N. Sitting at work & waist circumference—A cross-sectional study
of Australian workers. Prev. Med. 2020, 141, 106243. [CrossRef]

O’Dolan, C.; Grant, M.; Lawrence, M.; Dall, P. A randomised feasibility study to investigate the impact of education and the
addition of prompts on the sedentary behaviour of office workers. Pilot Feasibility Study 2018, 4, 33. [CrossRef]

Worldometer. COVID-19 Coronavirus Pandemic. 2021. Available online: https://www.worldometers.info/coronavirus/
(accessed on 20 July 2021).

McDowell, C.P.; Herring, M.P.; Lansing, J.; Brower, C.; Meyer, ].D. Working From Home and Job Loss Due to the COVID-19
Pandemic Are Associated With Greater Time in Sedentary Behaviors. Front. Public Health 2020, 8, 597619. [CrossRef] [PubMed]
Xiao, Y.; Becerik-Gerber, B.; Lucas, G.; Roll, S.C. Impacts of Working from Home during COVID-19 Pandemic on Physical and
Mental Well-Being of Office Workstation Users. ]. Occup. Environ. Med. 2021, 63, 181-190. [CrossRef] [PubMed]

Hall, G.; Laddu, D.R,; Phillips, S.A.; Lavie, C.J.; Arena, R. A tale of two pandemics: How will COVID-19 and global trends in
physical inactivity and sedentary behavior affect one another? Prog. Cardiovasc. Dis. 2021, 64, 108-110. [CrossRef]

Ammar, A.; Brach, M.; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudj, L.; Bouaziz, B.; Bentlage, E.; How, D.; Ahmed, M.; et al.
Effects of COVID-19 Home Confinement on Eating Behaviour and Physical Activity: Results of the ECLB-COVID19 International
Online Survey. Nutrients 2020, 12, 1583. [CrossRef] [PubMed]

Stanton, R.; To, Q.G.; Khalesi, S.; Williams, S.L.; Alley, S.J.; Thwaite, T.L.; Fenning, A.S.; Vandelanotte, C. Depression, Anxiety and
stress during COVID-19: Associations with changes in physical activity, sleep, tobacco and alcohol use in australian adults. Int. |.
Environ. Res. Public Health 2020, 17, 4065. [CrossRef] [PubMed]

Reyes-Olavarria, D.; Latorre-Roman, P.A.; Guzman-Guzman, L.P; Jerez-Mayorga, D.; Caamafio-Navarrete, F.; Delgado-Floody, P.
Positive and Negative Changes in Food Habits, Physical Activity Patterns, and Weight Status during COVID-19 Confinement:
Associated Factors in the Chilean Population. Int. . Environ. Res. Public Health 2020, 17, 5431. [CrossRef]

Constandt, B.; Thibaut, E.; De Bosscher, V.; Scheerder, J.; Ricour, M.; Willem, A. Exercising in Times of Lockdown: An Analysis of
the Impact of COVID-19 on Levels and Patterns of Exercise among Adults in Belgium. Int. J. Environ. Res. Public Health 2020, 17,
4144. [CrossRef]

Lesser, I.A.; Nienhuis, C.P. The Impact of COVID-19 on Physical Activity Behavior and Well-Being of Canadians. Int. |. Environ.
Res. Public Health 2020, 17, 3899. [CrossRef]


http://doi.org/10.1186/s12966-017-0601-0
http://doi.org/10.3390/ijerph18031240
http://www.ncbi.nlm.nih.gov/pubmed/33573181
http://doi.org/10.1097/JES.0b013e3181e373a2
http://doi.org/10.1371/journal.pone.0080000
http://doi.org/10.1016/j.amepre.2011.05.004
http://www.ncbi.nlm.nih.gov/pubmed/21767729
http://doi.org/10.1371/journal.pone.0105620
http://doi.org/10.7326/M14-1651
http://www.ncbi.nlm.nih.gov/pubmed/25599350
http://doi.org/10.1016/S0140-6736(12)61031-9
http://doi.org/10.1002/cphy.c110025
http://doi.org/10.1503/cmaj.051351
http://doi.org/10.1136/bjsports-2020-102955
http://doi.org/10.2196/26293
http://doi.org/10.1016/j.pmedr.2016.06.011
http://doi.org/10.1016/j.ypmed.2020.106243
http://doi.org/10.1186/s40814-017-0226-8
https://www.worldometers.info/coronavirus/
http://doi.org/10.3389/fpubh.2020.597619
http://www.ncbi.nlm.nih.gov/pubmed/33224922
http://doi.org/10.1097/JOM.0000000000002097
http://www.ncbi.nlm.nih.gov/pubmed/33234875
http://doi.org/10.1016/j.pcad.2020.04.005
http://doi.org/10.3390/nu12061583
http://www.ncbi.nlm.nih.gov/pubmed/32481594
http://doi.org/10.3390/ijerph17114065
http://www.ncbi.nlm.nih.gov/pubmed/32517294
http://doi.org/10.3390/ijerph17155431
http://doi.org/10.3390/ijerph17114144
http://doi.org/10.3390/ijerph17113899

Sustainability 2021, 13, 9524 22 of 25

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Gallo, L.A,; Gallo, T.E; Young, S.L.; Moritz, K.M.; Akison, L.K. The Impact of Isolation Measures Due to COVID-19 on Energy
Intake and Physical Activity Levels in Australian University Students. Nutrients 2020, 12, 1865. [CrossRef] [PubMed]

Gornicka, M.; Drywien, M.; Zielinska, M.; Hamutka, J. Dietary and Lifestyle Changes During COVID-19 and the Subsequent
Lockdowns among Polish Adults: A Cross-Sectional Online Survey PLifeCOVID-19 Study. Nutrients 2020, 12, 2324. [CrossRef]
[PubMed]

Ugbolue, U.; Duclos, M.; Urzeala, C.; Berthon, M.; Kulik, K.; Bota, A.; Thivel, D.; Bagheri, R.; Gu, Y.; Baker, J.; et al. An Assessment
of the Novel COVISTRESS Questionnaire: COVID-19 Impact on Physical Activity, Sedentary Action and Psychological Emotion.
J. Clin. Med. 2020, 9, 3352. [CrossRef] [PubMed]

Carriedo, A.; Cecchini, ].A.; Fernandez-Rio, J.; Méndez-Giménez, A. COVID-19, Psychological Well-being and Physical Activity
Levels in Older Adults During the Nationwide Lockdown in Spain. Am. |. Geriatr. Psychiatry 2020, 28, 1146-1155. [CrossRef]
Trabelsi, K.; Ammar, A.; Masmoudji, L.; Boukhris, O.; Chtourou, H.; Bouaziz, B.; Brach, M.; Bentlage, E.; How, D.; Ahmed, M.; et al.
Sleep Quality and Physical Activity as Predictors of Mental Wellbeing Variance in Older Adults during COVID-19 Lockdown:
ECLB COVID-19 International Online Survey. Int. J. Environ. Res. Public Health 2021, 18, 4329. [CrossRef] [PubMed]

Goethals, L.; Barth, N.; Guyot, J.; Hupin, D.; Celarier, T.; Bongue, B. Impact of Home Quarantine on Physical Activity Among
Older Adults Living at Home During the COVID-19 Pandemic: Qualitative Interview Study. JMIR Aging 2020, 3, €19007.
[CrossRef]

Di Stefano, V.; Battaglia, G.; Giustino, V.; Gagliardo, A.; D’Aleo, M.; Giannini, O.; Palma, A.; Brighina, F. Significant reduction of
physical activity in patients with neuromuscular disease during COVID-19 pandemic: The long-term consequences of quarantine.
J. Neurol. 2020, 268, 20-26. [CrossRef] [PubMed]

Caruso, I.; Di Molfetta, S.; Guarini, F; Giordano, F,; Cignarelli, A.; Natalicchio, A.; Perrini, S.; Leonardini, A.; Giorgino, F.; Laviola,
L. Reduction of hypoglycemia, lifestyle modifications and psychological distress during lockdown following SARS-CoV-2
outbreak in type 1 diabetic patients using flash continuous glucose monitoring: A retrospective cohort study. Diabetes/Metab. Res.
Rev. 2020, €3404. [CrossRef]

Ruiz-Roso, M.B.; Knott-Torcal, C.; Matilla-Escalante, D.C.; Garcimartin, A.; Sampedro-Nufiez, M.A.; Davalos, A.; Marazuela,
M. COVID-19 Lockdown and Changes of the Dietary Pattern and Physical Activity Habits in a Cohort of Patients with Type 2
Diabetes Mellitus. Nutrients 2020, 12, 2327. [CrossRef]

Mota, I.A.; Sobrinho, G.D.D.O.; Morais, I.P.S.; Dantas, T.F. Impact of COVID-19 on eating habits, physical activity and sleep in
Brazilian healthcare professionals. Arg. De Neuro-Psiquiatr. 2021, 79, 429-436. [CrossRef]

Shepherd, H.; Evans, T.; Gupta, S.; McDonough, M.; Doyle-Baker, P; Belton, K.; Karmali, S.; Pawer, S.; Hadly, G.; Pike, L; et al. The
Impact of COVID-19 on High School Student-Athlete Experiences with Physical Activity, Mental Health, and Social Connection.
Int. J. Environ. Res. Public Health 2021, 18, 3515. [CrossRef] [PubMed]

Santos, A.M.D.S.; Rossi, EE.; Moura, H.P.D.S.N.D.; Junior, A.V.M.d.S.; Machado, D.C.D.; Neves, L.M.; Brito, A.S.; Moura, P,;
Monteiro, P.A.; Junior, LEF,; et al. COVID-19 pandemic impacts physical activity levels and sedentary time but not sleep quality
in young badminton athletes. Sport Sci. Health 2021, 1-9. [CrossRef]

Hernandez, Y.A.T,; Parente, F,; Faghy, M.A.; Roscoe, C.M.P.,; Maratos, F. Influence of the COVID-19 lockdown on remote workers’
physical and psychosocial wellbeing and work productivity. JMIRx Med. 2021, 1-42. [CrossRef]

Castafieda-Babarro, A.; Arbillaga-Etxarri, A.; Gutiérrez-Santamaria, B.; Coca, A. Impact of COVID-19 confinement on the time
and intensity of physical activity in the Spanish population. Res. Sq. 2020, 1-14. [CrossRef]

Mata, J.; Wenz, A.; Rettig, T.; Reifenscheid, M.; Moehring, K.; Krieger, U.; Friedel, S.; Fikel, M.; Cornesse, C.; Blom, A.G.; et al.
Health Behaviors and Mental Health before and during the COVID-19 Pandemic: A Longitudinal Population Based Survey.
PsyArXiv 2020. [CrossRef]

Huntley, D. Effects of Working at Home During COVID-19 on Sedentary Behavior, Use of Strategies to Decrease Sedentary
Behavior, and Perceived Work Performance. Retrieved from the University of Minnesota Digital Conservancy. 2021. Available
online: https:/ /hdlLhandle.net/11299 /220401 (accessed on 30 June 2021).

Schaap, G. Occupational Sedentary Behaviour during COVID-19 Regulations-Related Working from Home; University of Twente:
Enschede, The Netherlands, 2020.

Bourdas, D.I.; Zacharakis, E.D. Impact of COVID-19 Lockdown on Physical Activity in a Sample of Greek Adults. Sports 2020, 8,
139. [CrossRef] [PubMed]

Bourdas, D.I.; Zacharakis, E.D. Evolution of changes in physical activity over lockdown time: Physical activity datasets of four
independent adult sample groups corresponding to each of the last four of the six COVID-19 lockdown weeks in Greece. Data
Brief 2020, 32, 106301. [CrossRef] [PubMed]

Wilke, J.; Mohr, L.; Tenforde, A.; Edouard, P; Fossati, C.; Gonzélez-Gross, M.; Ramirez, C.S,; Laifio, F; Tan, B.; Pillay, J.; et al. A
Pandemic within the Pandemic? Physical Activity Levels Substantially Decreased in Countries Affected by COVID-19. Int. |.
Environ. Res. Public Health 2021, 18, 2235. [CrossRef]

Adamakis, M. Physical activity, sleep and weight management in the COVID-19 era: A case report. J. Phys. Educ. Sport 2021, 21,
60-65. [CrossRef]

Ong,J.L.; Lau, T.; A A Massar, S.; Chong, Z.T.; Ng, B.K.L.; Koek, D.; Zhao, W.; Yeo, B.T.T.; Cheong, K.; Chee, M.W.L. COVID-19-
related mobility reduction: Heterogenous effects on sleep and physical activity rhythms. Sleep 2021, 44, 1-13. [CrossRef]


http://doi.org/10.3390/nu12061865
http://www.ncbi.nlm.nih.gov/pubmed/32585830
http://doi.org/10.3390/nu12082324
http://www.ncbi.nlm.nih.gov/pubmed/32756458
http://doi.org/10.3390/jcm9103352
http://www.ncbi.nlm.nih.gov/pubmed/33086648
http://doi.org/10.1016/j.jagp.2020.08.007
http://doi.org/10.3390/ijerph18084329
http://www.ncbi.nlm.nih.gov/pubmed/33921852
http://doi.org/10.2196/19007
http://doi.org/10.1007/s00415-020-10064-6
http://www.ncbi.nlm.nih.gov/pubmed/32661716
http://doi.org/10.1002/dmrr.3404
http://doi.org/10.3390/nu12082327
http://doi.org/10.1590/0004-282x-anp-2020-0482
http://doi.org/10.3390/ijerph18073515
http://www.ncbi.nlm.nih.gov/pubmed/33805249
http://doi.org/10.1007/s11332-021-00763-6
http://doi.org/10.2196/30708
http://doi.org/10.21203/rs.3.rs-26074/v1
http://doi.org/10.31234/osf.io/qbgh7
https://hdl.handle.net/11299/220401
http://doi.org/10.3390/sports8100139
http://www.ncbi.nlm.nih.gov/pubmed/33096721
http://doi.org/10.1016/j.dib.2020.106301
http://www.ncbi.nlm.nih.gov/pubmed/32934972
http://doi.org/10.3390/ijerph18052235
http://doi.org/10.7752/jpes.2021.01008
http://doi.org/10.1093/sleep/zsaa179

Sustainability 2021, 13, 9524 23 of 25

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Hallman, D.M.; Januario, L.B.; Mathiassen, S.E.; Heiden, M.; Svensson, S.; Bergstrém, G. Working from home during the
COVID-19 outbreak in Sweden: Effects on 24-h time-use in office workers. BMC Public Health 2021, 21, 1-10. [CrossRef]
Brusaca, L.; Barbieri, D.; Mathiassen, S.; Holtermann, A.; Oliveira, A. Physical Behaviours in Brazilian Office Workers Working
from Home during the COVID-19 Pandemic, Compared to before the Pandemic: A Compositional Data Analysis. Int. ]. Environ.
Res. Public Health 2021, 18, 6278. [CrossRef]

Franco, E.; Urosa, J.; Barakat, R.; Refoyo, I. Physical Activity and Adherence to the Mediterranean Diet among Spanish Employees
in a Health-Promotion Program before and during the COVID-19 Pandemic: The Sanitas-Healthy Cities Challenge. Int. ]. Environ.
Res. Public Health 2021, 18, 2735. [CrossRef]

Aegerter, A.M.; Deforth, M.; Sjegaard, G.; Johnston, V.; Volken, T.; Luomajoki, H.; Dratva, J.; Dressel, H.; Distler, O.; Melloh, M.;
et al. No Evidence for a Decrease in Physical Activity Among Swiss Office Workers During COVID-19: A Longitudinal Study.
Front. Psychol. 2021, 12, 1-10. [CrossRef]

Argus, M.; Padsuke, M. Effects of the COVID-19 lockdown on musculoskeletal pain, physical activity, and work environment in
Estonian office workers transitioning to working from home. Work 2021, 69, 741-749. [CrossRef]

Blom, V.; Lonn, A.; Ekblom, B.; Kallings, L.V.; Vdisdnen, D.; Hemmingsson, E.; Andersson, G.; Wallin, P; Stenling, A.; Ekblom, 0O.;
et al. Lifestyle Habits and Mental Health in Light of the Two COVID-19 Pandemic Waves in Sweden, 2020. Int. J. Environ. Res.
Public Health 2021, 18, 3313. [CrossRef]

Gibbs, B.B.; E Kline, C.; A Huber, K ; Paley, ].L.; Perera, S. COVID-19 shelter-at-home and work, lifestyle and well-being in desk
workers. Occup. Med. 2021, 71, 86-94. [CrossRef]

Majumdar, P,; Biswas, A.; Sahu, S. COVID-19 pandemic and lockdown: Cause of sleep disruption, depression, somatic pain, and
increased screen exposure of office workers and students of India. Chronobiol. Int. 2020, 37, 1191-1200. [CrossRef] [PubMed]

da Silva, D.R.P,; Werneck, A.O.; Malta, D.C.; Junior, PR.B.D.S.; Azevedo, L.O.; Barros, M.B.D.A.; Szwarcwald, C.L. Changes in the
prevalence of physical inactivity and sedentary behavior during COVID-19 pandemic: A survey with 39,693 Brazilian adults.
Cadernos De Saiide Publica 2021, 37, €00221920. [CrossRef] [PubMed]

Fearnbach, S.N.; Flanagan, E.W.; Hochsmann, C.; Beyl, R.A.; Altazan, A.D.; Martin, C.K.; Redman, L.M. Factors Protecting against
a Decline in Physical Activity during the COVID-19 Pandemic. Med. Sci. Sports Exerc. 2021, 53, 1391-1399. [CrossRef]

Radwan, H.; Al Kitbi, M.; Hasan, H.; Al Hilali, M.; Abbas, N.; Hamadeh, R.; Saif, E.; Naja, F. Indirect Health Effects of COVID-19:
Unbhealthy Lifestyle Behaviors during the Lockdown in the United Arab Emirates. Int. |. Environ. Res. Public Health 2021, 18, 1964.
[CrossRef] [PubMed]

Schmidt, T.; Pawlowski, C.S. Physical Activity in Crisis: The Impact of COVID-19 on Danes’ Physical Activity Behavior. Front.
Sports Act. Living 2021, 2, 610255. [CrossRef]

Ding, D.; Cheng, M.; Cruz, B.D.P; Lin, T.; Sun, S.; Zhang, L.; Yang, Q.; Ma, Z.; Wang, J.; Jia, Y.; et al. How COVID-19 lockdown
and reopening affected daily steps: Evidence based on 164,630 person-days of prospectively collected data from Shanghai, China.
Int. . Behav. Nutr. Phys. Act. 2021, 18, 1-10. [CrossRef]

Buoitestella, A.; Aj¢evic, M.; Furlanis, G.; Cillotto, T.; Menichelli, A.; Accardo, A.; Manganotti, P. Smart technology for physical
activity and health assessment during COVID-19 lockdown. |. Sports Med. Phys. Fit. 2021, 61, 452-460.

Karaca, A.; Aytar, S.H.; Demirci, N.; Akcan, E; Caglar, E.; Arag, S.N. Sedentary Screen Time in Working Adults Before and During
COVID-19 Pandemic. Spor Bilimleri Derg. Hacet. Universitesi 2021, 32, 98-108. [CrossRef]

Katewongsa, P.; Widyastari, D.A.; Saonuam, P.; Haemathulin, N.; Wongsingha, N. The effects of the COVID-19 pandemic on the
physical activity of the Thai population: Evidence from Thailand’s Surveillance on Physical Activity 2020. J. Sport Health Sci. 2021,
10, 341-348. [CrossRef] [PubMed]

Katewongsa, P,; Potharin, D.; Rasri, N.; Palakai, R.; Widyastari, D. The Effect of Containment Measures during the COVID-19
Pandemic to Sedentary Behavior of Thai Adults: Evidence from Thailand’s Surveillance on Physical Activity 2019-2020. Int. |.
Environ. Res. Public Health 2021, 18, 4467. [CrossRef]

Loépez-Bueno, R.; Calatayud, J.; Andersen, L.; Balsalobre-Fernandez, C.; Casafia, J.; Casajus, J.; Smith, L.; Lopez-Sanchez, G.
Immediate Impact of the COVID-19 Confinement on Physical Activity Levels in Spanish Adults. Sustainability 2020, 12, 5708.
[CrossRef]

Rodriguez-Nogueira, oF Leirds-Rodriguez, R.; Benitez-Andrades, J.; Alvarez-Alvarez, M.; Marqués-Sanchez, P.; Pinto-Carral,
A. Musculoskeletal Pain and Teleworking in Times of the COVID-19: Analysis of the Impact on the Workers at Two Spanish
Universities. Int. J. Environ. Res. Public Health 2020, 18, 31. [CrossRef]

Taeymans, J.; Luijckx, E.; Rogan, S.; Haas, K.; Baur, H. Physical Activity, Nutritional Habits, and Sleeping Behavior in Students
and Employees of a Swiss University During the COVID-19 Lockdown Period: Questionnaire Survey Study. JMIR Public Health
Surveill. 2021, 7, €26330. [CrossRef]

Yang, Y.; Koenigstorfer, J. Determinants of physical activity maintenance during the COVID-19 pandemic: A focus on fitness
apps. Transl. Behav. Med. 2020, 10, 835-842. [CrossRef]

Schuch, EB.; Bulzing, R.A.; Meyer, J.; Lopez-Sanchez, G.F.; Grabovac, 1.; Willeit, P.; Vancampfort, D.; Caperchione, C.M.;
Sadarangani, K.P.; Werneck, A.O.; et al. Moderate to vigorous physical activity and sedentary behavior changes in self-isolating
adults during the COVID-19 pandemic in Brazil: A cross-sectional survey exploring correlates. Sport Sci. Health 2021, 1-9.
[CrossRef]


http://doi.org/10.1186/s12889-021-10582-6
http://doi.org/10.3390/ijerph18126278
http://doi.org/10.3390/ijerph18052735
http://doi.org/10.3389/fpsyg.2021.620307
http://doi.org/10.3233/WOR-210033
http://doi.org/10.3390/ijerph18063313
http://doi.org/10.1093/occmed/kqab011
http://doi.org/10.1080/07420528.2020.1786107
http://www.ncbi.nlm.nih.gov/pubmed/32660352
http://doi.org/10.1590/0102-311x00221920
http://www.ncbi.nlm.nih.gov/pubmed/33950077
http://doi.org/10.1249/MSS.0000000000002602
http://doi.org/10.3390/ijerph18041964
http://www.ncbi.nlm.nih.gov/pubmed/33670510
http://doi.org/10.3389/fspor.2020.610255
http://doi.org/10.1186/s12966-021-01106-x
http://doi.org/10.17644/sbd.903014
http://doi.org/10.1016/j.jshs.2020.10.001
http://www.ncbi.nlm.nih.gov/pubmed/33039655
http://doi.org/10.3390/ijerph18094467
http://doi.org/10.3390/su12145708
http://doi.org/10.3390/ijerph18010031
http://doi.org/10.2196/26330
http://doi.org/10.1093/tbm/ibaa086
http://doi.org/10.1007/s11332-021-00788-x

Sustainability 2021, 13, 9524 24 of 25

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Hall-Lopez, J.A. Physical activity levels in physical education teachers before and during school suspension brought by the
COVID-19 quarantine. Facta Univ. Series Phys. Educ. Sport 2020, 18, 475-481. [CrossRef]

Alfawaz, H.; Amer, O.E.; Aljumah, A.A.; Aldisi, D.A.; Enani, M.A.; Aljohani, N.J.; Alotaibi, N.H.; Alshingetti, N.; Alomar, S.Y.;
Khattak, M.N.K; et al. Effects of home quarantine during COVID-19 lockdown on physical activity and dietary habits of adults
in Saudi Arabia. Sci. Rep. 2021, 11, 1-7. [CrossRef]

Barkley, ].E.; Lepp, A.; Glickman, E.; Farnell, G.; Beiting, J.; Wiet, R.; Dowdell, B. The Acute Effects of the COVID-19 Pan-demic on
Physical Activity and Sedentary Behavior in University Students and Employees. Int. J. Exerc. Sci. 2020, 13, 1326-1339. [PubMed]
Greaney, M.L.; Kunicki, Z.].; Drohan, M.M.; Ward-Ritacco, C.L.; Riebe, D.; Cohen, S.A. Self-reported changes in physical activity,
sedentary behavior, and screen time among informal caregivers during the COVID-19 pandemic. BMC Public Health 2021, 21, 1-9.
[CrossRef]

Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, E; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BM] Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef]

Dunton, G.E; Do, B.; Wang, S.D. Early effects of the COVID-19 pandemic on physical activity and sedentary behavior in children
living in the U.S. BMC Public Health 2020, 20, 1-13. [CrossRef]

Lopez-Valenciano, A.; Sudrez-Iglesias, D.; Sanchez-Lastra, M.A.; Ayan, C. Impact of COVID-19 Pandemic on University Students’
Physical Activity Levels: An Early Systematic Review. Front. Psychol. 2021, 11, 624567. [CrossRef]

de Boer, D.; Hoekstra, F.; Huetink, K.; Hoekstra, T.; Krops, L.; Hettinga, F. Physical Activity, Sedentary Behavior and Well-Being
of Adults with Physical Disabilities and /or Chronic Diseases during the First Wave of the COVID-19 Pandemic: A Rapid Review.
Int. ]. Environ. Res. Public Health 2021, 18, 6342. [CrossRef]

Felber, S. Data: Quarantine Isn’'t Making Us Gain Weight or Slow Down. Withings. 2020. Available online: https://blog.withings.
com/2020/05/01/data-quarantine-isnt-making-us-gain-weight-or-slow-down/ (accessed on 25 May 2021).

Fitbit Staff. The Impact of Coronavirus on Global Activity. Fitbit. 2020. Available online: https:/ /blog. fitbit.com/covid-19-global-
activity/ (accessed on 25 May 2021).

Stables, ]. Garmin Data Reveals How the World Is Working out during the Lockdown. 2020. Available online: https://www.
wareable.com/garmin/garmin-data-lockdown-7940 (accessed on 25 May 2021).

Tison, G.H.; Avram, R.; Kuhar, P.; Abreau, S.; Marcus, G.M.; Pletcher, M.].; Olgin, ].E. Worldwide Effect of COVID-19 on Physical
Activity: A Descriptive Study. Ann. Intern. Med. 2020, 173, 767-770. [CrossRef] [PubMed]

Okazaki, K.; Suzuki, K.; Sakamoto, Y.; Sasaki, K. Physical activity and sedentary behavior among children and adolescents living
in an area affected by the 2011 Great East Japan earthquake and tsunami for 3 years. Prev. Med. Rep. 2015, 2, 720-724. [CrossRef]
Brancaccio, M.; Mennitti, C.; Gentile, A.; Correale, L.; Buzzachera, C.; Ferraris, C.; Montomoli, C.; Frisso, G.; Borrelli, P.; Scudiero,
O. Effects of the COVID-19 Pandemic on Job Activity, Dietary Behaviours and Physical Activity Habits of University Population
of Naples, Federico II-Italy. Int. |. Environ. Res. Public Health 2021, 18, 1502. [CrossRef] [PubMed]

Gartner. Gartner HR Survey Reveals 41% of Employees Likely to Work Remotely at Least Some of the Time Post Coro-Navirus
Pandemic. Newsroom. 2020. Available online: https://www.gartner.com/en/newsroom/press-releases/2020-04-14-gartner-
hr-survey-reveals-41--of-employees-likely-to- (accessed on 30 May 2021).

De Haas, M.; Faber, R.; Hamersma, M. How COVID-19 and the Dutch ‘intelligent lockdown’ change activities, work and travel
behaviour: Evidence from longitudinal data in the Netherlands. Transp. Res. Interdiscip. Perspect. 2020, 6, 100150. [CrossRef]
[PubMed]

Deng, Z.; Morissette, R.; Messacar, D. Running the Economy Remotely: Potential for Working from Home during and after
COVID-19. Statistics Canada Catalogue. Available online: https://www150.statcan.gc.ca/n1/pub/45-28-0001/2020001 /article /
00026-eng.htm (accessed on 28 June 2021).

Koohsari, M.; Nakaya, T.; Shibata, A.; Ishii, K.; Oka, K. Working from Home After the COVID-19 Pandemic: Do Company
Employees Sit More and Move Less? Sustainability 2021, 13, 939. [CrossRef]

Brynjolfsson, E.; Horton, J.; Ozimek, A.; Rock, D.; Sharma, G.; TuYe, H.-Y. COVID-19 and Remote Work: An Early Look at US Data;
National Bureau of Economic Research Inc: Cambridge, MA, USA, 2020.

A Thorp, A.; Healy, G.N.; Winkler, E.; Clark, B.K.; A Gardiner, P.; Owen, N.; Dunstan, D.W. Prolonged sedentary time and physical
activity in workplace and non-work contexts: A cross-sectional study of office, customer service and call centre employees. Int. |.
Behav. Nutr. Phys. Act. 2012, 9, 128. [CrossRef] [PubMed]

Meyer, J.; McDowell, C.; Lansing, J.; Brower, C.; Smith, L.; Tully, M.; Herring, M. Changes in physical activity and sedentary
behaviour due to the COVID-19 outbreak and associations with mental health in 3052 US adults. Int. . Environ. Res. Public Health
2020, 17, 6469. [CrossRef] [PubMed]

Fukushima, N.; Machida, M.; Kikuchi, H.; Amagasa, S.; Hayashi, T.; Odagiri, Y.; Takamiya, T.; Inoue, S. Associations of working
from home with occupational physical activity and sedentary behavior under the COVID-19 pandemic. J. Occup. Health 2021, 63,
€12212. [CrossRef]

Clemes, S.; O’Connell, S.E.; Edwardson, C.L. Office Workers” Objectively Measured Sedentary Behavior and Physical Activity
During and Outside Working Hours. |. Occup. Environ. Med. 2014, 56, 298-303. [CrossRef]

Learnpatch. Research Reveals Impact of COVID-19 on Working Practices and Remote Working. 2020. Available online:
https:/ /learnpatch.com/2020/05/covid-remote-working/ (accessed on 30 May 2021).


http://doi.org/10.22190/FUPES200607045H
http://doi.org/10.1038/s41598-021-85330-2
http://www.ncbi.nlm.nih.gov/pubmed/33042377
http://doi.org/10.1186/s12889-021-11294-7
http://doi.org/10.1136/bmjsem-2020-000960
http://doi.org/10.1186/s12889-020-09429-3
http://doi.org/10.3389/fpsyg.2020.624567
http://doi.org/10.3390/ijerph18126342
https://blog.withings.com/2020/05/01/data-quarantine-isnt-making-us-gain-weight-or-slow-down/
https://blog.withings.com/2020/05/01/data-quarantine-isnt-making-us-gain-weight-or-slow-down/
https://blog.fitbit.com/covid-19-global-activity/
https://blog.fitbit.com/covid-19-global-activity/
https://www.wareable.com/garmin/garmin-data-lockdown-7940
https://www.wareable.com/garmin/garmin-data-lockdown-7940
http://doi.org/10.7326/M20-2665
http://www.ncbi.nlm.nih.gov/pubmed/32598162
http://doi.org/10.1016/j.pmedr.2015.08.010
http://doi.org/10.3390/ijerph18041502
http://www.ncbi.nlm.nih.gov/pubmed/33562476
https://www.gartner.com/en/newsroom/press-releases/2020-04-14-gartner-hr-survey-reveals-41--of-employees-likely-to-
https://www.gartner.com/en/newsroom/press-releases/2020-04-14-gartner-hr-survey-reveals-41--of-employees-likely-to-
http://doi.org/10.1016/j.trip.2020.100150
http://www.ncbi.nlm.nih.gov/pubmed/34171019
https://www150.statcan.gc.ca/n1/pub/45-28-0001/2020001/article/00026-eng.htm
https://www150.statcan.gc.ca/n1/pub/45-28-0001/2020001/article/00026-eng.htm
http://doi.org/10.3390/su13020939
http://doi.org/10.1186/1479-5868-9-128
http://www.ncbi.nlm.nih.gov/pubmed/23101767
http://doi.org/10.3390/ijerph17186469
http://www.ncbi.nlm.nih.gov/pubmed/32899495
http://doi.org/10.1002/1348-9585.12212
http://doi.org/10.1097/JOM.0000000000000101
https://learnpatch.com/2020/05/covid-remote-working/

Sustainability 2021, 13, 9524 25 of 25

98.

99.

100.

101.

102.

103.

Ali, S.M.; Lindstréom, M. Psychosocial work conditions, unemployment, and leisure-time physical activity: A population-based
study. Scand. ]. Public Health 2006, 34, 209-216. [CrossRef]

Katzmarzyk, P.T.; Church, T.S.; Craig, C.L.; Bouchard, C. Sitting Time and Mortality from All Causes, Cardiovascular Disease,
and Cancer. Med. Sci. Sports Exerc. 2009, 41, 998-1005. [CrossRef]

Caprara, G. Mediterranean-Type Dietary Pattern and Physical Activity: The Winning Combination to Counteract the Rising
Burden of Non-Communicable Diseases (NCDs). Nutrients 2021, 13, 429. [CrossRef] [PubMed]

Schlichtiger, J.; Steffen, J.; Huber, B.C.; Brunner, S. Physical activity during COVID-19 lockdown in older adults. ]. Sports Med.
Phys. Fit. 2021, 61, 164-166.

Smith, L.; McCourt, O.; Sawyer, A.; Ucci, M.; Marmot, A.; Wardle, J.; Fisher, A. A review of occupational physical activity and
sedentary behaviour correlates. Occup. Med. 2016, 66, 185-192. [CrossRef] [PubMed]

Santini, S.; Galassi, F.; Kropf, J.; Stara, V. A Digital Coach Promoting Healthy Aging among Older Adults in Transition to
Retirement: Results from a Qualitative Study in Italy. Sustainability 2020, 12, 7400. [CrossRef]


http://doi.org/10.1080/14034940500307515
http://doi.org/10.1249/MSS.0b013e3181930355
http://doi.org/10.3390/nu13020429
http://www.ncbi.nlm.nih.gov/pubmed/33525638
http://doi.org/10.1093/occmed/kqv164
http://www.ncbi.nlm.nih.gov/pubmed/27016747
http://doi.org/10.3390/su12187400

	Introduction 
	Materials and Methods 
	Results 
	Main Characteristics of the Studies 
	Measurement Types and Outcomes of the Studies 
	PA in Adult Working Populations 
	SB in Adult Working Populations 

	Discussion 
	Conclusions 
	References

