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1 |  INTRODUCTION

As of December 2020, the coronavirus disease 2019 
(COVID- 19) pandemic remains one of the most major public 

health concerns worldwide.1 Keeping one's physical distance 
in places where people gather, such as workplaces and public 
spaces, to mitigate person- to- person transmission is one of 
the pragmatic protective measures in the absence of an effec-
tive vaccine or treatment against the infectious disease.2,3 In 
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Abstract
Objectives: To compare physical activity (PA) and sedentary behavior (SB) levels 
during work time between those who work from home (WFH) and at workplaces (no 
WFH), and by WFH subgroups.
Methods: This cross- sectional internet- based survey included 1239 workers 
(mean age [standard deviation], 44.7 [13.7] years; 59.2% men) living in the Tokyo 
Metropolitan Area. Time spent sitting (SB), standing (light- intensity PA; LPA), 
walking, and engaging in heavy labor (moderate- to- vigorous PA; MVPA) during 
work time was measured using the Work- related Physical Activity Questionnaire. 
Workers reported weekly WFH percentages (eg, 0% implies no WFH and 100% im-
plies full WFH), and WFH percentages were categorized into no WFH (0% WFH) 
and WFH (1%- 100% WFH) groups. The WFH group was further subcategorized into 
1%- 25%, 26%- 50%, 51%- 75%, and 76%- 100% subgroups.
Results: Overall, 494 workers (39.9%) worked from home. During working hours, 
SB time was longer in the WFH group than in the no WFH group (mean minutes [% 
working- time SB]: 335.7 vs 224.7 min [74% vs 50%]). Significantly shorter LPA 
and MVPA times (%) were reported in the WFH group than in the no WFH group 
(LPA, 59.6 vs 122.9 min [14% vs 29%]; MVPA, 55.3 vs 91.9 min [13% vs 22%], all 
P < .001). Among the WFH subgroups, longer SB time and shorter LPA and MVPA 
times were observed in the highest WFH group (WFH 76%- 100%) than in the WFH 
1%- 25% and 26%- 50% subgroups.
Conclusions: Workers who telecommuted were less physically active and had longer 
sedentary during work time than those who worked at the workplaces.
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Japan, the Ministry of Internal Affairs and Communications 
has been promoting teleworking, including work from home 
(WFH) and mobile working.4 During the current COVID- 19 
pandemic, working from home is rapidly becoming the “new 
normal” working style for many workers.4- 6 Different work-
places have different office environments, and occupational 
physical activity (PA) and sedentary behavior (SB) levels 
differ across different workplaces.7 Different office environ-
ments are associated with PA and SB levels among workers.7,8 
Therefore, PA/SB levels at work would be affected by the 
rapid change in the office environment from people's familiar 
workplaces to their own homes in the COVID- 19 pandemic. 
Because low levels of PA and high levels of SB are associ-
ated with increased mortality,9- 11 poor mental health,12 and 
work- related outcomes, such as presenteeism13 and work pro-
ductivity,12 it is important to know how workers with WFH 
spend their working time in terms of PA and SB. To date, lit-
tle is known about PA/SB levels among workers with WFH. 
To the best of our knowledge, only one study has examined 
the association between WFH and PA/SB, and reported that 
WFH is associated with greater sitting and screen time, but 
not PA time.14 However, this previous study measured the 
total daily PA/SB levels; hence, the association of WFH with 
occupational PA/SB during work time remains unclear.

Therefore, we examined associations of WFH with occu-
pational sitting time and intensity- specific PA during work 
time.

2 |  METHODS

2.1 | Participants and data collection

This was a cross- sectional internet- based survey that was 
conducted between July 28 and August 2, 2020, by a Japanese 
internet research company called MyVoice Communication, 
Inc Detailed sampling procedures have been described else-
where.15 Briefly, approximately 1.12 million individuals reg-
istered themselves in the company's database, which included 
their sociodemographic data. Data of 2400 men and women 
aged 20- 79 years were originally collected on February 25, 
2020, according to gender and 10- yearly age brackets (12 
groups, n = 200 in each group). Subsequently, these fixed 
participants were followed up to the present survey wave. 
A series of these surveys were repeated every 5- 6 weeks to 
monitor the lifestyle of ordinary Japanese citizens during the 
COVID- 19 pandemic. The present data were obtained from 
the fifth wave of the series of these surveys. Participants were 
living in seven prefectures in the Tokyo Metropolitan Area 
(ie, Tokyo, Kanagawa, Saitama, Chiba, Ibaraki, Tochigi, 
and Gunma). During the first survey wave, there was a rapid 
increase in the number of laboratory- confirmed COVID- 19 
cases in the urban areas, especially in Tokyo.16 Hence, the 

participants were sampled from the Tokyo Metropolitan 
Area. Information regarding occupational PA and SB was 
initially assessed in this fifth survey wave. Occupational 
PA and SB times were measured using the Work- related 
Physical Activity Questionnaire (WPAQ).17 WPAQ was 
only displayed for participants who had stated their latest 
job characteristics as full- time jobs (eg, company employee, 
government worker), part- time job, and self- employed on 
the website. To examine the association between working 
from home and occupational PA with SB, self- employed 
workers were excluded from the analyses. Rewards valued 
at 50 Yen (approximately 0.5 US Dollars as of July 2020) 
were provided as an incentive for participation. This study 
was approved by the Ethics Committee of Tokyo Medical 
University, Tokyo, Japan (No: T2019- 0234). Informed con-
sent was obtained from all the respondents.

2.2 | Assessment of the work from 
home status

Participants were asked: “What percentage of your work 
entails working from home? (0%, if all the work is done at 
the workplace; 100%, if all the work is done from home)?” 
These percentages were considered as continuous variables. 
Participants who reported 0% work were categorized into 
the “no WFH group,” and those who engaged in any amount 
(range 1%- 100%) of work from home into the “WFH group.” 
The no WFH group would potentially include essential work-
ers (workers who are unable to work from home, eg, cleaners 
and helpers); hence, further analyses to examine the dose- 
response manners of the amount of WFH for workers who 
could work from home were performed. Thus, those in the 
WFH group were further subdivided into four subcatego-
ries (1%- 25%, 26%- 50%, 51%- 75%, and 76%- 100% reported 
WFH percentage).

2.3 | Measures of occupational PA, SB, and 
SB bout length

We assessed time spent in PA, SB, and SB bout during work 
using the WPAQ, which has acceptable reliability and va-
lidity.17 The WPAQ inquired about the usual working time 
and the proportion of sitting, standing, walking, and engaging 
in heavy labor during work. In calculating the time spent on 
each category, the proportion of each occupational activity 
was multiplied by the total minutes at work. With these ques-
tions, sitting time was regarded as being equivalent to SB; 
standing, for light- intensity PA (LPA); walking, for moder-
ate PA (MPA); and engaging in heavy labor, for vigorous 
PA (VPA). Time spent in MVPA was calculated by sum-
ming up the time spent in MPA and VPA. The duration of 
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uninterrupted sitting time, which is associated with adverse 
health outcomes,18- 20 was also measured as sedentary bout 
length by the WPAQ. The WPAQ surveys the duration of SB 
bouts rather than the number of breaks per hour.17 Previous 
studies usually asked for the number of breaks per hour21,22; 
however, those questionnaires cannot provide sufficient in-
formation regarding the duration of each bout (ie, even if 
there are two breaks per hour, it is unclear whether the dura-
tion of the SB bouts are 10, 10, and 40 minutes, or whether 
they are all 20  minutes each). Specifically, in the WPAQ, 
participants were asked “At what minute intervals do you 
stand up when you sit down for work (eg, to get up for a 
photocopy, do another errand, stretch, or go to the restroom, 
etc)?” Participants selected their responses from “0, 10, 20, 
30, 40, 50, 60, 70, 80, and ≥90  minutes.” The responses 
were treated as a quantitative variable (the response in the 
≥90- minute category was treated as 90) in the analysis.

2.4 | Covariates

Demographic variables information, such as age, gender, 
current smoking (yes/no), regular drinking (every day or 
not), height, and weight, was obtained in the first survey 
wave. Body mass index (BMI) was calculated as weight (kg)/
height (m)2. Self- rated health was measured using the ques-
tion “How do you feel about your current health status?” and 
a response was selected from “excellent,” “good,” “fair,” or 
“very poor.” Self- rated health was dichotomized into “excel-
lent/good” or “fair/very poor” in the analyses. The internet 
research company also provided information regarding edu-
cational attainment (more than high school or less), residen-
tial area, job characteristics (full- time or part- time job). The 
Japan Standard Industrial Classification was also provided 
by the research company as categorized data,23 and was re-
classified as the first, second, and tertiary industries accord-
ing to the Statistic Bureau, Ministry of Internal Affairs, and 
Communications classification.23

2.5 | Statistical analyses

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 26.0 (IBM Corp., Tokyo, 
Japan). For large studies (eg, >1000 participants), accord-
ing to Fagerland, “t tests and their corresponding confidence 
intervals can and should be used even for heavily skewed 
data.”24 Therefore, comparisons between the no WFH and 
WFH groups were conducted using Student's t test, while 
comparisons among WFH subgroups used analysis of vari-
ance and chi- squared for continuous and categorical varia-
bles, respectively. The mean time spent in SB, LPA, MVPA, 
and SB bout length was compared not only between the no 

WFH and WFH groups but also among WHF subcategories 
using analysis of covariance, adjusted for age, gender, smok-
ing status, drinking frequency, BMI, residential area (Tokyo/
others), educational attainment, self- rated health (good/bad), 
job characteristics, industrial classification (first, second, and 
tertiary industries), and working time (hours/day). For all 
analyses, P < .05 were considered as statistically significant.

3 |  RESULTS

Of the 2400 original participants in the first survey, 2362 par-
ticipants remained registered for the fifth survey wave with 
the internet research company and 2155 were valid responses. 
Of the 2155 participants, 1365, including company employ-
ees and part- time workers, had WPAQ displayed on the web-
site to which they responded. Of the 1365 participants, 126 
self- employed participants were excluded. Finally, 1239 par-
ticipants were included in the analyses.

Demographic characteristics are shown in Table 1. Four 
hundred and ninety- four workers (39.9%) worked from home. 
Compared with the no WFH group, workers in the WFH 
group did not significantly differ in terms of age, smoking 
and alcohol consumption habit, BMI, and self- rated health 
status. Compared with the no WFH group, men living in the 
Tokyo Metropolitan Area, with higher educational attain-
ment, who were engaged in full- time jobs were more fre-
quently observed in the WHF group. Eight participants were 
engaged in the primary industry. Working hours and all so-
ciodemographic variables were similar between the no WFH 
and the WFH groups.

Descriptive statistics for occupational SB (sitting time), 
LPA (standing), and MVPA (walking and heavy labor) 
are shown as a crude model in Table 2. Times spent in SB 
during work time in the WFH group were significantly lon-
ger than those in the no WFH group (mean [standard devia-
tion]: 224.7 [173.6] vs 335.7 [152.7] min, P <.001). Times 
spent in LPA and MVPA in the WFH group were signifi-
cantly shorter than those in the no WFH group (LPA: 122.9 
[118.2], vs 59.6 [69.4], MVPA: 91.9 [92.4] vs 55.3 [62.6] 
min, respectively). Similar patterns were observed in the pro-
portions of SB, LPA, and MVPA. In the crude model, there 
was no significant difference in SB bout length between the 
no WFH and WFH groups. After adjusting for covariates (ie, 
the adjusted model in Table 2), the significant difference in 
SB bout length between the no WFH and WFH groups was 
confirmed, and the differences in SB, LPA, and MVPA time 
remained significant.

Figure 1 shows the comparisons of adjusted means of SB, 
LPA, MVPA, and sitting bout length among the subgroups 
categorized according to the degree of WFH. Compared with 
the less WFH groups, there were significant trends (all P for 
trend were <.05) for longer SB time and sitting bout length, and 
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shorter LPA and MVPA time in the higher WFH groups. Post- 
hoc analyses showed that SB time in the highest WFH group 
(76%- 100%) was the longest compared with the other groups 
(WFH 1%- 25%, 26%- 50%, 51%- 75%, and 76%- 100%: 235.2 
[38.4], 243.5 [38.8], 258.5 [40.2], and 3005.0 [37.5] min, re-
spectively). Furthermore, LPA and MVPA were significantly 
shorter in the WFH 76%- 100% subgroup than in the WFH 
1%- 25% and 26%- 50% subgroups, but not the WFH 51%- 75% 
subgroup (LPA; WFH 1%- 25%, 26%- 50%, 51%- 75%, and 76%- 
100%: 123.6 [24.1], 115.3 [24.4], 103.6 [25.3], and 82.8 [23.6] 
min, MVPA; WFH 1%- 25%, 26%- 50%, 51%- 75%, and 76%- 
100%: 95.3 [22.1], 95.2 [22.3], 91.9 [23.1], and 66.2 [21.6] 
min, respectively). Moreover, SB bout lengths in both the WFH 
51%- 75% and 76%- 100% subgroups were significantly longer 

than those in the WFH 1%- 25% subgroup (WFH 1%- 25%, 
26%- 50%, 51%- 75%, and 76%- 100%: 32.7 [8.6], 39.0 [8.7], 
44.5 [9.0], and 42.2 [8.4] min, respectively).

4 |  DISCUSSION

Our results indicated that workers who worked from home 
spent less PA time and longer uninterrupted SB time during 
work time than those who never worked at home. To clarify 
the dose responses of WFH to PA/SB by excluding work-
ers who were unable to work from home (eg, essential work-
ers), we revealed that longer SB time and shorter LPA and 
MVPA times were more significantly observed in the highest 

T A B L E  1  Participant characteristics

No WFH 
(n = 745)

WFH 
(n = 494) p valuea 

Subgroups by the percentage of WFH (n = 494)

p valueb 
1%- 25% 
(n = 112)

26%- 50% 
(n = 105)

51%- 75% 
(n = 48)

76%- 100% 
(n = 229)

Age (years) 44.7 (13.9) 44.6 (13.5) 0.83 43.0 (13.5) 44.3 (13.8) 44.0 (13.2) 45.6 (13.5) 0.42

Gender

Men 396 (53.2%) 338 (68.4%) <0.001 78 (69.9%) 73 (69.5%) 36 (75.0%) 151 (65.9%) 0.63

Women 349 (46.8%) 156 (31.6%) 34 (30.4%) 32 (30.5%) 12 (25.0%) 78 (34.1%)

Current Smoker 118 (15.8%) 93 (18.8%) 0.17 21 (18.8%) 22 (21.0%) 13 (27.1%) 37 (16.2%) 0.32

Regular drinker 
(every day)

102 (13.7%) 81 (16.4%) 0.19 23 (20.5%) 15 (14.3%) 7 (14.6%) 36 (15.7%) 0.59

BMI 22.4 (3.5) 22.2 (3.7) 0.33 22.2 (4.0%) 22.6 (3.5) 21.5(2.9) 22.2 (3.8) 0.37

Residential area

Tokyo 275 (36.9%) 242 (49.0%) <0.001 55 (49.1%) 52 (49.5%) 23 (47.9%) 112 (48.9%) >0.99

Others 470 (63.1%) 252 (51.0%) 57(50.9%) 53 (50.5%) 25 (52.1%) 117 (51.1%)

Educational attainment

More than high 
school

519 (72.4%) 430 (88.7%) <0.001 97 (86.6%) 91 (88.3%) 44 (91.7%) 198 (89.2%) 0.81

Up to high school 198 (27.6%) 55 (11.3%) 15 (13.4%) 12 (11.7%) 4 (8.3%) 24 (10.8%)

Self- rated Health

Excellent/good 625 (83.9%) 424 (85.8%) 0.38 96 (85.7%) 94 (89.5%) 42 (87.5%) 192 (83.8%) 0.57

Fair/very poor 120 (16.1%) 70 (14.2%) 16 (14.3%) 11 (10.5%) 6 (12.5%) 37 (16.2%)

Job characteristic

Full- time job 490 (65.8%) 455 (92.1%) <0.001 104 (92.9%) 96 (91.4%) 46 (95.8%) 209 (91.3%) 0.73

Part- time job 255 (34.2%) 39 (7.9%) 8 (7.1%) 9 (8.6%) 2 (4.2%) 20 (8.7%)

Industrial classification

Primary industry 7 (1.0%) 1 (0.2%) 0.004 0 (0.0%) 0 (0.0%) 0 (0.0) 1 (0.4) 0.55

Secondary industry 129 (18.0%) 122 (25.2%) 25 (22.3%) 26 (25.2%) 17(35.4) 54 (24.3)

Tertiary industry 581 (81.0%) 362 (74.6%) 87 (77.7%) 77 (74.8%) 31 (64.6) 167 (75.2)

Working time (hours) 7.3 (2.1) 7.5 (2.2) 0.14 7.8 (2.2) 7.3 (1.9) 8.1 (1.7) 7.4 (2.5) 0.06

Note: Values are presented as means (standard deviations) or n (%). Total number of participants is not always same because of missing values.
Abbreviations: WFH, work from home; BMI, body mass index.
ap for Student's t test. 
bp for analysis of variance (ANOVA). 
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WFH subgroup (WFH 76%- 100%) than in the WFH 1%- 25% 
and 26%- 50% subgroups. In addition, workers who reported 
>50% of WFH had significantly more prolonged, uninter-
rupted SB bouts during work in comparison with those in the 
lowest WFH subgroup (WFH 1%- 25%). Our findings suggest 
important concerns regarding the health risks of workers with 
less PA and longer SB times caused by WFH.

In this study, approximately 40% of workers worked from 
home. The telework implementation rate that was reported as 
13.2% in March 2020 had doubled to 27.9% by April 2020.5,25 
In particular, the telework implementation rate in the Tokyo 
Metropolitan Area that was 18.5% in March 2020 had rapidly 
increased to 41.0%, suggesting similar telework implementa-
tion rates in our study sample compared with those of a previ-
ously reported study.25 This was a very timely and important 
study that examined the association of WFH with PA and SB 
during the current rapid increase in telecommunication.25

MVPA time during work in the WFH group was sig-
nificantly shorter than that in the no WFH group. Reduced 
MVPA would usually be considered to be due to the absence 
of commuting from home to the office. However, the WPAQ 
was developed to assess the time spent in MVPA during work 
time. Hence, MVPA during commuting was not included in 
this reported MVPA time. Herein, we could suggest that the 
finding that WFH would decrease MVPA time during work 
time, apart from the reduction in MVPA time by commuting, 
is a remarkable result. Although the reasons are still unclear, 
it may be speculated that this could be due to the differences 
in environmental factors between the workplace and home, 
such as differences in the size of the office area and layout of 
the workplace (eg, perceived distance to a printer or coffee 
machine).26 Additionally, the lunch time as well as commut-
ing time to work were reported to be useful in accumulating 
(increasing) the total daily steps on workdays (ie, MVPA).27 
Workers with WFH may not need to go out for their lunch, 
particularly because of the present COVID- 19 pandemic.

The unadjusted SB time during work time in the no WFH 
group was 3.7  hours in this study. This result is similar to 
those of previous studies, which reported descriptive sitting 
times at worksite, measured by a questionnaire among full-  
and part- time workers, of 2.0- 3.3 hours per working day.28- 30 
The crude SB time in workers with WFH was >100 minutes 
(or >77 minutes using analysis of covariance to determine 
the estimated mean difference), longer than that in those who 
never worked from home. In addition, longer SB bout length 
was observed in the WFH groups compared to the no WFH 
group, and a dose- response increase in SB bout length was 
also observed in the higher WFH groups. These findings sug-
gest that workers with WFH may sit for prolonged SB time 
without interruption during work time. Teleworking has been 
reported to improve motivation and increase concentration,31 
and teleworkers would then achieve better performance with-
out interruptions.31 These might potentially explain the longer T
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SB bout length in teleworkers with high percentage of WFH. 
SB bouts lasting >30  minutes are associated with adverse 
health outcomes, independently of the total time spent being 
sedentary.18- 20 In this study, the mean SB bout length was 
>30 minutes, regardless of the degree of WFH. It has been 
reported that alternating between uninterrupted sitting lasting 
for 30 minutes and standing could improve glucose metabo-
lism and postprandial glucose responses in overweight/obese 
office workers.20 This further suggests that intervention to 
break uninterrupted SB bouts would be needed for all work-
ers, especially those in the high WFH group.

To increase PA and decrease SB, the working environ-
ment has been a practical target for health promotion pro-
grams. The longest SB time is observed during work time 
rather than during leisure time among white- collar workers.32 
A survey reported that the proportion of workers who imple-
mented telework for the first time was 47.8% in March 2020, 
and this increased to 68.7% in April 2020.25 These findings 
suggest that many of the workers, newly and suddenly began 
telecommuting; therefore, the home office environments of 
workers may not be well developed in terms of workplace 
health promotion of better PA and SB levels. The use of ac-
tive workstations is a powerful intervention33; hence, the use 
of height- adjustable desks (sit- stand workstations) would be 
a useful interventional strategy for telecommuting workers to 
reduce SB and interrupt prolonged SB bouts, not only at their 
offices but also at home. In addition, a natural experimental 
study showed that office renovation by the introduction of 
activity- based working and installation of height- adjustable 
desks has a favorable effect on increasing PA as well as 
decreasing SB.34 In addition to the above environmental 

interventions, other interventions for SB at the individual, 
social, and organizational levels have been suggested from 
the viewpoint of the ecological model.35 Office workers ha-
bitually feel a barrier to interruption of their SB bout during 
work time once they are seated, since they fear being seen 
as unproductive by their manager and colleagues when they 
are not sitting at their desks.36 In this regard, workers with 
WFH are more likely to interrupt sitting without worrying 
about their managers’ and colleagues’ perceptions. For in-
stance, using the pop- up prompt (computer prompt reminder) 
to inform workers of the need to interrupt SB bouts every 
45  minutes has been shown to be an effective intervention 
at the individual level.36,37 Moreover, online meetings would 
need computers or documents, and would make telecom-
muting workers sit uninterruptedly behind their computers. 
Managers and colleagues should encourage telecommuting 
workers to interrupt prolonged SB bouts during online meet-
ings as a form of social and organizational- level intervention. 
A recent consensus statement suggested that employees who 
engage in 2 hours of daily standing or LPA at work would 
progressively increase to 4 hours daily.38 In a recent study, 
more than half of the workers expressed that they wanted 
to continue teleworking by the end of the COVID- 19 pan-
demic,25 suggesting the need for further improvement of the 
home office environment.

A strength of our study was that we conducted this survey 
during a rapidly increasing telecommuting rate, during the 
COVID- 19 pandemic. Hence, our results provide initial results 
of PA and SB when the telecommuting home environment was 
not yet in place. The other strength was the use of a validated 
questionnaire (WPAQ) to assess occupational PA and SB during 

F I G U R E  1  Comparisons of SB, intensity- specific PA, and SB bout length during work among the different degree of WFH groups. SB, 
sedentary behavior; PA, physical activity; WFH, work from home. Values are presented as estimated means and standard error by analysis of 
covariance (ANCOVA), adjusted for age, gender, smoking, drinking frequency, body mass index (BMI), residential area, educational attainment, 
self- rated health, job characteristics, industrial classification, and working time. Post hoc comparisons were examined using the Bonferroni method. 
†<.001, ‡<.05
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work time. Additionally, the WPAQ could be used to measure 
not only MVPA and SB but also LPA time and SB bout length, 
which are all associated with health outcomes.19,20,39

There were some limitations to this study. First, the cross- 
sectional design hampers causal inference. Second, we did 
not enquire about the pa limitation status. Workers with dis-
abilities, especially those with mobility impairments, are 
more likely to work from home, and workers with disability 
have less pa and more SB.40 Third, our web- based study par-
ticipants were limited to those who were registered with the 
research company involved in this study, which may lead to 
selection bias. Fourth, our internet survey participants would 
be familiar with using computers and they might spend more 
screen time during both work and leisure times, which might 
result in misclassification. Finally, our sample was collected 
from the Tokyo metropolitan area and is not entirely reflec-
tive of Japanese workers. WFH is more popular in the Tokyo 
metropolitan area than in the rural area.6

5 |  CONCLUSIONS

Engaging in WFH was associated with less PA and longer 
SB time during work time, compared with working at work-
sites. Among workers who can work from home, the more 
they telecommute, the less they would be physically active 
and the more they would be sedentary during work time. 
Additionally, workers with WFH would be more exposed to 
having less MVPA time during work time, apart from the 
loss of MVPA by commuting to work. Our findings suggest 
the substantial need to promote better PA/SB levels for work-
ers with WFH under the current situation where teleworking 
is rapidly increasing due to the COVID- 19 pandemic.
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