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Abstract: Background–Several non-pharmaceutical policies, which include stay-at-home orders,
mobility restrictions, and quarantine, have been implemented to reduce the spread of novel coron-
avirus disease 2019 (COVID-19). The present study examines work style changes among company
workers after COVID-19 and analyses their effects on workers’ domain-specific sedentary and active
behaviours. Methods - We analysed data from a nationwide prospective online survey in Japan.
The data were obtained in February 2019 (n = 3200) and in July 2020 (n = 1709) from the registered
individuals of a Japanese internet research service company. The participants reported work style
patterns before and after the outbreak of COVID-19 in the follow-up survey. Domain-specific seden-
tary behaviours and physical activities were assessed by questionnaires. Paired t-tests were used
to compare work styles before and after the outbreak of COVID-19. Multivariable linear regression
models were used to assess the associations between changes in work style and changes in sedentary
behaviours and physical activities. Results. Workers had more working from home days and fewer
office-based working days after the outbreak of COVID-19 (p < 0.001 and p < 0.001, respectively).
The increase in the number of working from home days per week was significantly associated with
increases in work-related sitting time and total sitting time (b = 0.16, 95% CI 0.08, 0.24, p < 0.001 and
b = 0.23, 95% CI 0.11, 0.36, p < 0.001, respectively). However, it was also associated with a decrease in
car sitting time (b = −0.04, 95% CI −0.06, -0.01, p < 0.001). In addition, the increase in the number
of working from home days was associated with a decrease in work-related moderate physical
activity (b =−0.06, 95% CI −0.10, −0.02, p < 0.001). Conclusions. Our study provided preliminary
evidence of an increase in working from home days in response to COVID-19 in Japan and of how
this increase in the number of working from home days has affected workers’ sedentary behaviours
and physical activities. These findings shed light on the effects of COVID-19 on work styles and
workers’ sedentary behaviours and physical activity.
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1. Introduction

There is mounting evidence that physical inactivity is associated with a range of
chronic diseases, such as type 2 diabetes, cancer, and cardiovascular diseases [1–3]. Seden-
tary behaviour—too much sitting—has been identified as another emerging health risk
factor, which is independent of the level of physical activity [4,5]. Nevertheless, an inactive
lifestyle is prevalent around the world [6,7] and causes approximately 9% of premature
deaths globally [8]. Physical inactivity is also an economic burden for health systems [9]:
it costs health-care systems at least 53.8 billion international dollars worldwide in 2013 [10].
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Thus, increasing physical activity and reducing sedentary behaviours are closely linked to
several sustainable development goals (SDGs) [11,12].

Over the last decade, technological advancement and opportunities for automation
have caused many jobs to become more sedentary. Working adults can accumulate a high
portion of sedentary behaviours and become an at-risk population for having a seden-
tary lifestyle [13–16]. For example, a study that was conducted in Singapore found that
working adults spent between 69–76% of their daily waking time engaging in sedentary
behaviours [14]. Another study, which was conducted in Australia, found that employees
spent most of their working hours in a sedentary behaviour with prolonged bouts of sitting
time [13]. Following the socio-ecological framework [17], multiple individual, interper-
sonal, and urban design factors must be considered in promoting physical activity and
reducing sedentary behaviours among workers. Additional evidence-based information
on the socio-ecological factors that influence workers’ active and sedentary behaviours is
needed to support the development of effective interventions.

The novel coronavirus disease 2019 (COVID-19) was first reported in late 2019 in
Wuhan, Hubei Province, China, and has spread globally. On 11 March 2020, COVID-19
was announced as a pandemic by the World Health Organization (WHO) [18]. In Japan,
a state of emergency was declared by the government on 7 April 2020 in order to limit
the spread of COVID-19 [19]. This state of emergency allowed prefectural governors to
ask residents to limit their non-essential trips, stay at home as much as possible, and ask
places such as cinemas and museums to restrict their operation. Unlike with ‘lockdowns’ in
several other countries, there was no penalty or legal force under Japanese law for people
or companies who disobeyed the request. In the present pandemic of COVID-19, several
non-pharmaceutical policies, such as stay-at-home orders, school closures, gathering bans,
mobility restrictions, and quarantine, have been implemented to reduce the spread of
COVID-19 [20–22]. Several studies have provided preliminary evidence on how these
policies may influence people’s mobility behaviours [23–25]. Work style has likely also been
affected by these policies. For instance, ‘working from home’ policies have been introduced
by many companies in response to COVID-19. A Japanese government survey showed that
approximately 35% of respondents worked remotely after the COVID-19 epidemic [26].
It is of interest to examine whether such a work style change affects workers’ sedentary
behaviours and physical activities. However, no study, to the best of our knowledge, has yet
explored the association between changes in work style after COVID-19 and longitudinal
changes in workers’ sedentary behaviours and physical activities.

Therefore, the current study examines the work style changes among company work-
ers after COVID-19 and analyses their effects on workers’ domain-specific sedentary and
active behaviours.

2. Materials and Methods
2.1. Study Design and Sample

We analysed data from a nationwide prospective online survey in Japan. The data
were obtained in 2019 and 2020 from the registered individuals of a Japanese internet
research service company (MyVoice Communication, Inc. Tokyo, Japan). This company’s
database contains sociodemographic information on one million individuals across Japan
who voluntarily participated in this database. On 22 February 2019, an invitation e-mail
with a link to participate in the survey was sent to 45,659 workers (aged 20 to 59 years) who
were randomly selected from the database. To minimize possible selection bias, the potential
participants were stratified by sex and age group (20s, 30s, 40s, and 50s). A total of 3200
workers responded to the survey (a response rate of 7.00%): 1600 participants of each sex and
800 participants of each age group. Of these respondents, 2921 individuals were eligible to take
part in a follow-up survey on 8 July 2020. A total of 1709 individuals completed the follow-up
survey (53.4% of the baseline participants) because 279 individuals had resigned from the
company’s database. Cash rewards that were valued at 140 and 120 yen were provided as
incentives to participate in the baseline and follow-up surveys, respectively. Totals of 2466
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and 1318 participants at baseline and follow-up, respectively, who reported their occupation
as company employees were included in this study (Figure 1). All participants signed an
online informed consent form. This study received prior approval from the Institutional
Ethics Committee of Waseda University (2020-135).

Figure 1. Flow diagram of participants in the study.

2.2. Measures
2.2.1. Work Style Patterns

Work style patterns before and after the outbreak of COVID-19 were reported by
participants in the follow-up survey. The participants were asked to state their total
numbers of working and non-working days in a typical week before and after the first large
outbreak of COVID-19 in early April 2020. For working days, participants also reported
the total number of days they worked at their place of employment or worked from home.

2.2.2. Sedentary Behaviours

A Japanese 6-item questionnaire with a 1-week recall period was used to evalu-
ate domain-specific sedentary behaviours [27]. Participants reported their daily average
sedentary behaviours over the past seven days in six domains: driving or riding by car;
using public transport; at work; watching television, videos, or DVDs; using a computer,
cell phone, or tablet PC outside of working hours; and leisure (excluding watching televi-
sion, videos, and DVDs). This questionnaire has high reliability and validity [27]. Average
workday and non-workday values of the total sedentary time were calculated by summing
all six domains separately for workdays and non-workdays. Average daily values of
total sedentary time and each domain’s sedentary time were also assessed by weighting
according to the numbers of workdays and non-workdays.



Sustainability 2021, 13, 939 4 of 8

2.2.3. Physical Activities

The Global Physical Activity Questionnaire (GPAQ) was used to measure domain-
specific physical activities [28]. The method of cleaning and scoring the GPAQ data has
been described in detail elsewhere [29]. In brief, this self-reported questionnaire consists
of 16 questions that assess physical activities in three domains, namely, work, transport,
and leisure. The GPAQ has acceptable validity and reliability in the Japanese adult pop-
ulation [30]. We calculated the average daily hours of work-related vigorous physical
activity, work-related moderate physical activity, transport-related physical activity, leisure
vigorous physical activity, leisure moderate physical activity, and total physical activity.
The absolute changes in sedentary behaviours and physical activity before and after the
outbreak of COVID-19 were estimated by subtracting baseline values from follow-up
values.

2.2.4. Sociodemographics

The following sociodemographic characteristics were self-reported by the participants
at baseline: age, sex (female or male), marital status (single or couple), highest educa-
tion (tertiary, below tertiary, or other), and gross annual individual income (<¥4,000,000
or ≥¥4,000,000).

2.3. Statistical Analysis

Descriptive statistics, which included means, standard deviations, and frequencies,
were calculated for the baseline sociodemographic variables. Paired t-tests were used to
compare the work styles before and after the outbreak of COVID-19. Multivariable linear
regression models were used to estimate the associations between changes in work style
and changes in sedentary behaviours and physical activities. The regression models were
adjusted according to the sociodemographic variables (age, sex, marital status, highest
education, and gross annual household income) and the changes in working days before
and after the outbreak of COVID-19. The regression models were also adjusted according
to the baseline sedentary behaviours and physical activities to account for the potential
effects of the baseline values on the scores. Normality assumptions were checked by the QQ
plots of the residuals. For all point estimates of unstandardized regression coefficients (b),
95% confidence intervals (CIs) were estimated. A complete-case analysis was conducted
because the proportion of missing data for our variables of interest was low (5%) [31].
Analyses were conducted using Stata 15.0 (Stata Corp, College Station, TX, USA), and the
level of significance was set at p < 0.05.

3. Results

Table 1 shows baseline and follow-up characteristics of study participants. At baseline,
the participants had an average age of 39.6 years (SD = 10.7), and 50.9% were male (n = 1254).
Most participants were single (n = 1392, 56.4%), had tertiary education (n = 1989, 80.7%),
and had an annual gross individual income lower than ¥4,000,000 (n = 1381, 56.0%).

Table 2 presents the changes in work style before and after the outbreak of COVID-
19. There were significant differences in work style between the two periods: workers
had more working from home days and fewer office-based working days after the first
COVID-19 major outbreak in Japan in April 2020 (p < 0.001 and p < 0.001, respectively).
The mean number of working days per week was significantly lower after the outbreak of
COVID-19 (p < 0.001).

Table 3 presents the associations of the absolute changes in working from home days
with those in workers’ domain-specific sedentary behaviours. An increase in working
from home days was significantly associated with increases in work-related sitting time
and total sitting time (b = 0.16, 95% CI 0.08, 0.24, p < 0.001 and b = 0.23, 95% CI 0.11,
0.36, p < 0.001, respectively). However, an increase in working from home days was also
associated with a decrease in car sitting time (b = −0.04, 95% CI −0.06, −0.01, p < 0.001).
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No significant associations were identified between changes in work style and changes in
public transportation sitting, TV viewing time, PC use sitting, or other leisure sitting time.

Table 1. Characteristics of study participants.

Variable
Mean (SD) or N (%)

Baseline (N = 2466) Follow-up (N = 1318)

Age (years) 39.6 (10.7) 42.5 (10.4)
Sex
Female 1212 (49.1) 657 (49.8)
Male 1254 (50.9) 661 (50.2)
Marital status
Single 1392 (56.4) 696 (52.8)
Couple 1074 (43.6) 622 (47.2)
Highest education
Tertiary 1989 (80.7) 1078 (81.8)
Below tertiary 477 (19.3) 240 (18.2)
Gross annual individual income
<¥4,000,000 1381 (56.0) 691 (52.4)
≥¥4,000,000 1085 (44.0) 627 (47.6)

Table 2. Changes in work style before and after the outbreak of COVID-19 (n = 1318).

Mean (S.D.) p-Value
Before (February 2019) After (July 2020)

Office-based working (days/week) 4.91 (0.84) 4.05 (1.71) 0.000 *
Working from home (days/week) 0.16 (0.79) 0.96 (1.65) 0.000 *

Working days (days/week) 5.07 (0.47) 5.01 (0.60) 0.000 *
* Statistically significant based on paired-sample t-tests.

Table 3. Associations between absolute changes in working from home days and changes in workers’ domain-specific
sedentary behaviours (complete data of 1086 individuals).

Car Sitting Time
(Hour/Day)

Public
Transportation

Sitting
(Hour/Day)

Work-Related
Sitting Time
(Hour/Day)

TV Viewing
Time

(Hour/Day)

PC Use Sitting
Time

(Hour/Day)

Other Leisure
Sitting Time
(Hour/Day)

Total Sitting
Time

(Hour/Day)

b (95% CI)
p-Value

b (95% CI)
p-Value

b (95% CI)
p-Value

b (95% CI)
p-Value

b (95% CI)
p-Value

b (95% CI)
p-Value

b (95% CI)
p-Value

Working from
home

(days/week)

−0.04 (−0.06,
−0.01) 0.003 *

−0.00 (−0.02,
0.02) 0.862

0.16 (0.08, 0.24)
0.000 *

0.05 (−0.00, 0.10)
0.059

0.04 (−0.01, 0.09)
0.115

0.00 (−0.03, 0.04)
0.889

0.23 (0.11, 0.36)
0.000 *

b: unstandardized regression coefficients; CI: confidence interval. All models were adjusted for age, sex, marital status, highest education,
gross annual household income, changes in working days, and baseline sedentary behaviours. * p < 0.05.

Table 4 presents the associations of the absolute changes in working from home days
with those in workers’ domain-specific physical activities. An increase in working from
home days was associated with a decrease in work-related moderate physical activity
(b =−0.06, 95% CI −0.10, −0.02, p < 0.001). There were no significant associations between
the change in working from home days and changes in work-related vigorous physi-
cal activity, transport-related physical activity, leisure vigorous physical activity, leisure
moderate physical activity, or total physical activity.
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Table 4. Associations between absolute changes in working from home days and changes in workers’ domain-specific
physical activities (complete data of 1315 individuals).

Work-Related Vigorous
Physical Activity

(Hour/Day)

Work-Related Moderate
Physical Activity

(Hour/Day)

Transport-Related Physical
Activity (Hour/Day)

Leisure Vigorous Physical
Activity (Hour/Day)

Leisure Moderate Physical
Activity (Hour/Day)

Total Physical Activity
(Hour/Day)

b (95% CI)p-value b (95% CI) p-Value b (95% CI) p-Value b (95% CI) p-Value b (95% CI) p-Value b (95% CI) p-Value

Working from home
(days/week) 0.02 (−0.01, 0.05) 0.147 −0.06 (−0.10, −0.02) 0.004 * 0.02 (−0.01, 0.04) 0.124 0.01 (−0.01, 0.02) 0.440 −0.00 (−0.02, 0.02) 0.897 −0.04 (−0.11, 0.03) 0.256

b: unstandardized regression coefficients; CI: confidence interval. All models were adjusted for age, sex, marital status, highest education,
gross annual household income, changes in working days, and baseline physical activities. * p < 0.05.

4. Discussion

This study explored the changes in workers’ work styles that occurred after the
outbreak of COVID-19. It also examined the associations of the changes in workers’ work
styles with the longitudinal changes in their sedentary behaviours and physical activities
after the COVID-19 outbreak. We found that workers in Japan reported more working
from home days after the outbreak of COVID-19 compared with before it. These findings
are consistent with the results of several studies that were conducted in other countries and
showed an increase in working from home after the start of the COVID-19 epidemic [32–35].
A study that was conducted in the US using a nationally representative sample found
that approximately one-third of workers changed to remote working between February
and May 2020 [32]. Another study, which was conducted in the Netherlands, found that
the percentage of workers who were working from home increased from 6% to 39% since
the COVID-19 epidemic began [34]. In Canada, approximately 39% of workers were
teleworking during March 2020, compared with approximately 13% in 2018 [35]. Our study
extends these findings into Japan, where workers have among the most extended working
hours in the world [36]. There have been speculations that working from home may become
a new norm even after this pandemic [37–39]. Having homes as workplaces will introduce
several new opportunities and challenges from various social, economic, urban design,
and health perspectives [40,41]. It is necessary to investigate how working from home
may affect workers’ health behaviours and outcomes. Future longitudinal studies are
needed to explore whether these increases in working from home that were triggered by
the COVID-19 epidemic will be permanent.

Our results demonstrate that an increase in working from home days was associated
with increases in work-related and total sitting times. An increase in working days was
also unfavourably associated with moderate physical activity at work. To the best of
our knowledge, no previous studies have assessed whether changes in work style were
associated with longitudinal changes in workers’ sedentary behaviours and physical
activities after the COVID-19 epidemic. Therefore, it was not possible to compare these
findings with those of any previous studies. These findings are in line with those of a
previous cross-sectional study that examined associations between working from home and
sedentary behaviour [42]. McDowell et al. [42] found that workers who are working from
home or lost their job spent more time engaged in sedentary behaviours than those whose
job remained unchanged after the outbreak of COVID-19. However, we found that working
from home was associated with a shorter sitting time in cars, since working from home did
not require commuting to work. These results highlight that working from home may have
distinctive effects on each sedentary behaviour and physical activity in each domain. Socio-
ecological models suggest that multiple factors need to be taken into account in promoting
health behaviours. Changes in work style may also affect workers’ sedentary and active
behaviours. Additional evidence on the effects of COVID-19 social distancing policies
on domain-specific sedentary behaviours and physical activities is needed to inform the
development of efficient public health interventions within the socio-ecological framework.

The main limitation of our study is that the self-reported measures of sedentary
behaviours and physical activities and the work style measures at baseline are subject
to recall bias. The assessment of longitudinal domain-specific sedentary behaviours and
physical activities and the use of national data are advantages of this study. While this is a
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national study of participants, we cannot generalise the findings to all company workers
or other professions.

5. Conclusions

The COVID-19 epidemic has caused significant changes in workers’ work styles
worldwide. Our study provided preliminary evidence of an increase in working from
home in response to COVID-19 in Japan and explored how this increase in working from
home has affected workers’ sedentary behaviours and physical activities. Further evidence
is needed to explore whether the effects of the outbreak of COVID-19 on work style are
permanent and how changes in work style may affect workers’ health behaviours and
outcomes. This information is necessary to develop efficient programs and interventions to
promote an active lifestyle among workers with the socio-ecological framework.
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