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ABSTRACT
Background  During the COVID-19 pandemic, many 
people refrained from going out, started working from 
home (WFH), and suspended work or lost their jobs. This 
study examines how such pandemic-related changes in 
work and life patterns were associated with depressive 
symptoms.
Methods  An online survey among participants who use 
a health app called CALO mama was conducted from 
30 April to 8 May 2020 in Japan. Participants consisted 
of 2846 users (1150 men (mean age=50.3) and 1696 
women (mean age=43.0)) who were working prior to 
the government declaration of a state of emergency 
(7 April 2020). Their daily steps from 1 January to 13 
May 2020 recorded by an accelerometer in their mobile 
devices were linked to their responses. Depressive 
symptoms were assessed using the Two-Question Screen.
Results  On average, participants took 1143.8 (95% 
CI −1557.3 to −730.2) fewer weekday steps during the 
declaration period (from 7 April to 13 May). Depressive 
symptoms were positively associated with female gender 
(OR=1.58, 95% CI 1.34 to 1.87), decreased weekday 
steps (OR=1.22, 95% CI 1.03 to 1.45) and increased 
working hours (OR=1.73, 95% CI 1.32 to 2.26). 
Conversely, starting WFH was negatively associated with 
depressive symptoms (OR=0.83, 95% CI 0.69 to 0.99).
Conclusions  Decreased weekday steps during the 
declaration period were associated with increased odds 
of depressive symptoms, but WFH may mitigate the risk 
in the short term. Further studies on the longitudinal 
effects of WFH on health are needed.

INTRODUCTION
The COVID-19 pandemic is a global threat not only 
to people’s physical health but their mental health 
as well.1 A systematic review including 19 studies 
from eight countries reported that the prevalence of 
mental disorders during the pandemic in the general 
population is relatively high (depression: 14.6%–
48.3%; anxiety: 6.3%–50.9%; post-traumatic stress 
disorder: 7.0%–53.8%; psychological distress: 
34.4%–38.0%; and stress: 8.1%–81.9%).2

In order to prevent the spread of infection, many 
countries restricted movements of people in various 
ways, from city quarantine to stay-at-home recom-
mendations. A review exploring evidence during 

outbreaks of infectious diseases such as severe acute 
respiratory syndrome and Ebola reported that 
quarantine had a negative impact on psychological 

Key messages

What is already known about this subject?
►► During the COVID-19 pandemic, many people 
refrained from going out, started working from 
home, and suspended work or lost their jobs, 
and these changes in work and life patterns 
could affect their mental health.

►► Previous studies suggest that working from 
home increases employees’ well-being, whereas 
other studies show that it induces longer 
working hours and results in the overlapping 
responsibility of taking care of children by 
blurring boundaries between work and home 
time.

►► The possible impact of changes in work and life 
patterns on mental health during the pandemic 
has only begun to be considered.

What are the new findings?
►► Although Japan’s antipandemic policy was 
relatively generous, people’s work and life 
patterns have changed considerably.

►► The present study found that decreased 
weekday steps and increased working hours 
were associated with increased odds of 
depressive symptoms during the government 
declaration of a state of emergency; conversely, 
starting working from home was negatively 
associated with risk.

How might this impact on policy or clinical 
practice in the foreseeable future?

►► In the short term, working from home may be 
recommended to protect employees' mental 
health; however, employers need to be careful 
that those who work from home do not work 
long hours and become physically inactive.

►► Health promotions for consistent physical 
activities, breaking up sedentary time and 
maintaining social relationships appear to be 
beneficial to public mental health, especially in 
the time of a pandemic.
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outcomes.3 Japan’s policy during the COVID-19 pandemic was 
relatively generous compared with other countries that put strict 
restrictions on going out. The government declared a state of 
emergency in 7 out of 47 prefectures on 7 April 2020, and was 
expanded to all prefectures on 16 April. The government asked 
people to refrain from going out and aimed at a 70% reduc-
tion in the number of people commuting to work. Although this 
declaration did not include any legally enforceable stipulations, 
the population largely complied and the number of people going 
out in major cities saw a 60%–80% reduction.4 The number 
of new COVID-19 cases began decreasing in May, and the 
declaration was lifted in 39 prefectures on 14 May and in the 
remaining prefectures on 25 May. The stay-at-home recommen-
dation during the declaration period hampered people from 
making physical contact with other family members, friends 
and colleagues, which may have led to feelings of loneliness and 
depressive symptoms.5 6 Moreover, physical inactivity due to 
staying at home can be associated with depressive symptoms.7 8

The pandemic also had a significant impact on employment 
and the working environment. Many people suspended work or 
lost their jobs due to the pandemic, and the sudden changes in 
employment status could be a risk factor for depressive symp-
toms.9–11 A study showed that those who stopped working 
due to the pandemic had poorer mental health than those who 
continued working either at office or from home.12 Moreover, 
the shift to working from home (WFH) could affect employees’ 
mental health in various ways.13 WFH may mitigate distress 
during the pandemic; it can reduce the burden of commuting 
and help employees maintain social relations with colleagues.13 
In contrast, some studies suggest that WFH has a tendency to 
blur boundaries between work and home time, and induces 
longer working hours14 and results in an overlapping respon-
sibility of taking care of children,15 which can amplify distress. 
These possible impacts of changes in the working environment 
on mental health have only begun to be considered.

In the present study, we examined how pandemic-related 
changes in work and life patterns were associated with depressive 
symptoms, using data from a health app called CALO mama. We 
retrieved longitudinal user data of daily steps and hypothesised 
that decreased steps in the declaration period represented adher-
ence to the stay-at-home recommendation, which can be asso-
ciated with depressive symptoms due to physical inactivity and 
social isolation. We also hypothesised that WFH can be protec-
tive against depressive symptoms because it helps workers main-
tain social relations with their colleagues. This study provides 
valuable insights on how to prevent depressive symptoms 
following work and life pattern changes due to the pandemic.

METHODS
Study participants
Figure  1 displays a flow chart of our analytical sample. From 
30 April to 8 May 2020, we conducted an online survey 
inviting users of the health app CALO mama provided by Link 
& Communication to participate in our study. Users of CALO 
mama record diet, exercise, mood and quality of sleep every 
day, and artificial intelligence offers them advice based on their 
responses. The app also automatically measures the number of 
daily steps using an accelerometer in the user’s mobile device. 
Out of 7061 respondents, 6392 consented to have their data 
used for research purposes. Twenty-nine participants answered 
the questionnaire twice, and we dropped their older responses. 
There were no missing values in the responses. We excluded 963 
participants who were not working prior to the government 

declaration of a state of emergency (7 April 2020) from analyses. 
Out of 5400 participants, 2554 did not record their weekday 
steps either in the predeclaration period (defined as 1 January–29 
February 2020) or the declaration period (defined as 7 April–13 
May). Data from the month of March were not used because the 
number of new cases was increasing in Japan, and thus work and 
life patterns were shifting in March. Thus, our analytical sample 
consisted of 2846 participants (1150 men and 1696 women). We 
compared the characteristics of the analytical sample with those 
of the excluded sample whose records of weekday steps were 
not available. We found some differences but confirmed that the 
prevalence of WFH and depressive symptoms were comparable 
between the groups (see online supplemental eTable 1).

Survey development
In the survey, we examined participants’ work and life patterns 
before and after the pandemic by asking ‘How did you spend 
your average weekday before/after the spread of COVID-19?’ 
Participants categorised the average 24-hour day according to 
time spent working away from home, WFH, commuting, taking 
care of children, doing housework, exercising, eating, sleeping 
and other activities, for before and after the declaration (7 April 
2020). We defined ‘full-time workers’ as those whose working 
hours (both at home and away from home) were 6 or more each 
day; ‘part-time workers’ as those whose working hours were 
less than 6 per day; and ‘not working’ as those whose working 
hours were 0. Changes in work and life patterns were defined as 
follows: (1) ‘decreased weekday steps’ represents a binary vari-
able for those whose average weekday steps in the declaration 
period were fewer than in the predeclaration period; (2) ‘suspen-
sion of work or loss of employment’ accounts for those who 
had full-time or part-time work in the predeclaration period 
and were not working in the declaration period; (3) ‘increased 
working hours’ refers to those whose working hours increased in 
the declaration period compared with the predeclaration period; 
(4) ‘shift to WFH’ accounts for those who worked more hours 
outside home in the predeclaration period but worked at home 

Figure 1  Flow chart of the analytical sample.
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more in the declaration period; and (5) ‘increased time on child-
care’ defines those whose time spent taking care of their children 
increased in the declaration period.

Depressive symptoms were assessed using the Two-Question 
Screen consisting of the following questions: (1) ‘During the 
past month, have you often been bothered by feeling down, 
depressed, or hopeless?’ and (2) ‘During the past month, have 
you often been bothered by little interest or pleasure in doing 
things?’16 Those who answered ‘Yes’ to either or both questions 
were considered as showing symptoms of depression. Although 
this two-question screening is simple and short, it has been vali-
dated and shows comparable performance with other instru-
ments.17 18

Statistical analysis
Our analysis is separated into two parts. First, we examined 
the determinants of weekday steps. The average weekday steps 
were estimated using a linear mixed model embodying a random 
effect of individuals. The model has a hierarchical structure with 
two levels: time variant variables at level 1 were nested into 
each individual at level 2. Outcome was a continuous variable of 
average weekday steps; dummy variables indicating the measure-
ment during the declaration period and a full-time worker were 
variables at level 1; gender and age were measured at level 2. A 
coefficient of the dummy of the declaration period represented 
the extent to which the amount of walking decreased due to 
the state of emergency conditions. We also included interaction 
terms between the dummy of the declaration period and other 
covariates in the model. Age was mean-centred for ease of inter-
pretation and avoiding multicollinearity when we added inter-
action terms.

Second, we used logistic regression to evaluate how changes 
in work and life patterns were associated with depressive symp-
toms. In the model, we adjusted for gender, mean-centred age 
and binary variables indicating those who decreased weekday 

steps, suspended work or lost a job, increased working hours, 
started WFH and increased time on childcare. All analyses were 
performed using Stata V.16.1.

RESULTS
Table  1 delineates the characteristics of the participants. The 
number of full-time workers decreased in the declaration period 
for both men and women. About 70% of participants decreased 
their weekday steps. Men were more likely to shift to WFH 
(32.3% of men compared with 23.5% of women). More women 
experienced suspension of work or loss of employment than 
men (14.0% of women compared with 3.7% of men). Depres-
sive symptoms were more prevalent among women (45.1% of 
women compared with 32.6% of men).

Figure  2 depicts the trends in the average number of daily 
steps in year 2020. For both men and women, the average steps 
in the declaration period were fewer than in the predeclaration 
period.

Table 2 presents the results from a mixed-effect model esti-
mating the association of average weekday steps with the 
declaration and with other participant characteristics. The 
declaration period was associated with decreased walking (coef-
ficient=−1143.8, 95% CI −1557.3 to −730.2). Interaction 
terms with a dummy variable of the declaration period suggested 
that male and younger participants were more likely to see a 
decrease in the number of weekday steps during the declaration 
period.

Table 3 shows the association between depressive symptoms 
and changes in work and life patterns. Depressive symptoms 
were positively associated with female gender (OR=1.58, 
95% CI 1.34 to 1.87), decreased weekday steps (OR=1.22, 
95% CI 1.03 to 1.45) and increased working hours (OR=1.73, 
95% CI 1.32 to 2.26). Conversely, starting WFH was negatively 
associated with depressive symptoms (OR=0.83, 95% CI 0.69 
to 0.99). To consider regional heterogeneity, we added a dummy 

Table 1  Characteristics of participants, 2020, Japan

Variables

Men (n=1150) Women (n=1696)

P value*n % Mean SD n % Mean SD

Age 50.3 10.2 43.0 12.0 <0.001

 � <20 2 0.2 54 3.2

 � 20–29 34 3.0 220 13.0

 � 30–39 149 13.0 369 21.8

 � 40–49 311 27.0 466 27.5

 � 50–59 432 37.6 470 27.7

 � ≥60 222 19.3 117 6.9

Full-time work

 � Predeclaration period 1112 96.7 1407 83.0 <0.001

 � Declaration period 1043 90.7 1122 66.2 <0.001

Average weekday steps

 � Predeclaration period 8545.1 4776.0 6257.5 3699.0 <0.001

 � Declaration period 7333.9 5804.8 5094.7 3738.9 <0.001

Changes in work and life patterns

 � Decreased weekday steps 815 70.9 1195 70.5 0.83

 � Suspension of work
 � or loss of employment

43 3.7 238 14.0 <0.001

 � Increased working hours 110 9.6 133 7.8 0.12

 � Shift to working from home 371 32.3 398 23.5 <0.001

 � Increased time on childcare 108 9.4 169 10.0 0.65

Depressive symptoms 375 32.6 765 45.1 <0.001

*P values of t-test and χ2 test for gender differences.
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variable for 13 prefectures placed on a special alert when the 
local governments recognised that COVID-19 was spreading 
very rapidly (information on prefecture of residence was avail-
able for 2216 out of 2846 participants). The dummy variable 
was not associated with depressive symptoms, and we obtained 
similar results to those presented above. In addition, we also 
examined a binary variable indicating increased time on exer-
cise during the declaration period. The variable appeared not 
to be associated with depressive symptoms and thus we did not 
include it in the model.

DISCUSSION
The present study investigated how pandemic-related changes 
in work and life patterns were associated with depressive symp-
toms, using data from CALO mama users. Studying the signif-
icant changes resulting in psychological consequences during 
the COVID-19 pandemic is important because the measures 
against the spread of infection including stay-at-home recom-
mendations have inevitably modified work and life patterns in 
the large proportion of the population.19 On average, partici-
pants saw a decrease of more than 1100 weekday steps during 
the declaration period. Depressive symptoms were positively 
associated with decreased weekday steps and increased working 

hours. Conversely, starting WFH was negatively associated with 
depressive symptoms.

Given decreased weekday steps represented physical inac-
tivity during the declaration period, our findings are consis-
tent with previous studies which showed associations between 
physical inactivity and increased risks of depression during the 
COVID-19 pandemic.20 21 Physical activity can be protective 
against depression through biological and psychosocial path-
ways,7 but the stay-at-home recommendation prevented people 
from engaging in physical activity and may have elevated the 
risk of depression. In terms of biological mechanism, it has been 
suggested that physical activity can enhance neuroplasticity and 
reduce inflammatory, oxidative stress and cortisol release from 
the hypothalamic–pituitary–adrenal (HPA) axis.7 These func-
tions of physical activity can prevent damages to the brain and 
reductions in the volume of hippocampal, prefrontal and ante-
rior cingulate cortex, which are associated with depression.22–24 
In terms of psychosocial mechanism, physical activity is asso-
ciated with positive perceptions such as self-esteem (defined as 
‘a global evaluation of self-worth and self-image, encompassing 
cognitive, behavioral and affective processes’) and self-efficacy 
(defined as ‘the belief that one can achieve a specific task’), which 
are protective against depression.7 The stay-at-home recommen-
dation may have interfered with opportunities to gain such posi-
tive perceptions through exercise. Moreover, people who were 
physically active in the predeclaration period may be more likely 

Figure 2  Trends in the average number of daily steps by gender, 2020, Japan. Data from March were not used in the analyses because new cases of 
COVID-19 were increasing in Japan at the time and thus lifestyles were shifting.

Table 2  Association of average weekday steps with the declaration 
and participants’ characteristics, 2020, Japan*

Variable Coefficient 95% CI

Declaration period −1143.8 −1557.3 to −730.2

Women −2198.2 −2551.0 to −1845.3

Women × declaration period 266.6 2.5 to 530.7

Age −0.1 −14.5 to 14.4

Age × declaration period 25.3 10.9 to 39.6

Full-time work 654.8 264.2 to 1045.3

Full-time work × declaration period −152.5 −533.5 to 228.4

Constant 7912.3 7448.0 to 8376.6

*The model is adjusted for gender, mean-centred age, a dummy variable indicating 
a full-time worker, and a dummy variable indicating the measurement of the 
declaration period and its interaction terms with other covariates. The coefficient 
represents the number of average weekday steps.

Table 3  OR for depressive symptoms during the declaration period, 
2020, Japan

Variables OR 95% CI

Women 1.58 1.34 to 1.87

Age* 0.99 0.98 to 0.998

Decreased weekday steps 1.22 1.03 to 1.45

Suspension of work or loss of employment 1.01 0.78 to 1.32

Increased working hours 1.73 1.32 to 2.26

Shift to working from home 0.83 0.69 to 0.99

Increased time on childcare 1.08 0.83 to 1.40

Constant 0.43 0.36 to 0.52

*Mean-centred age.
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to be frustrated by restrictions in daily activity during the decla-
ration period than those who were inactive. Interestingly, a study 
examining Chinese adults found a negative association between 
time spent on exercise and life satisfaction during the COVID-19 
pandemic.12 Another COVID-19 study in Brazil showed that 
those who became physically inactive during the pandemic 
presented higher odds of loneliness, whereas those who were 
consistently inactive did not show a clear correlation with it, 
compared with those who were consistently active.21 People who 
were consistently inactive may have been able to adapt to the 
stay-at-home habits easily, whereas those who had been active 
might have had difficulty in coping with the discrepancy.

In terms of social interactions, we assumed that decreased 
weekday steps also represented social isolation (defined as 
‘inadequate quality and quantity of social relations with other 
people at the individual, group, community, and larger social 
environment levels where human interaction takes place’25) 
during the declaration period. According to a survey in Japan, 
66.3% of people answered that they had fewer opportunities 
to meet people face-to-face in communication during the decla-
ration period than they did a year ago.26 Social isolation can 
evoke feelings of loneliness, and stress from loneliness activates 
the HPA axis more frequently and elevates cortisol level, which 
can contribute to the pathophysiology of depression.6 Our find-
ings are in line with other COVID-19 studies on approximate 
concepts, which found that low levels of social capital (‘a series 
of resources that individuals earn as a result of their member-
ship in social networks’25) and social support (consisting of 
‘functional social support, the functions fulfilled by social rela-
tions, and structural social support, the existence, quantity, and 
properties of social relations’25) were associated with increased 
anxiety and stress.27 28

In the present study, starting WFH was negatively associated 
with depressive symptoms. This is consistent with previous 
studies which have shown that WFH increases employees’ 
well-being.29 30 In the context of COVID-19, WFH may have 
been beneficial to mental health because it enabled workers to 
keep working and communicating with their colleagues during 
the declaration period, which helped them have a sense of 
belonging. WFH may also reduce the fear of infection at or on 
the way to work. A study at the early stage of the pandemic 
showed that the number of workplace measures for COVID-
19, including encouraging employees to start WFH, was nega-
tively correlated with employees’ psychological distress.31 In 
Japan, WFH had not taken root for a long time; only 8.4% of 
employees had worked from home as of September 2019.32 
However, WFH spread rapidly due to the widespread restric-
tions in movement. A national survey reported that 34.6% of 
employees worked from home during the pandemic,33 while 
30.0% of men and 19.1% of women in the present study shifted 
their primary workplace to their homes. WFH can reduce the 
burden of commuting.13 Meanwhile, some who started WFH 
may increase time on exercise or other activities, but others 
may blur boundaries between work and home time and increase 
working hours.14 One study reported that those who started 
WFH during the COVID-19 pandemic increased sedentary and 
screen time.34 Our results showed that increased working hours 
were associated with depressive symptoms, which could offset 
the benefits from WFH. Moreover, the negative consequences 
of sedentary behaviours on health are well known.35 Further 
studies on the longitudinal effects of WFH on mental and phys-
ical outcomes are needed.

The present study has several limitations. First, it lacks gener-
alisability because participants were recruited from a health 

app. We compared the characteristics of our participants with 
those of a national survey in online supplemental eTable 2. Our 
analytical sample included more women, persons aged 40–59 
years and full-time workers, but less persons aged 20–29 years 
and 60 or older, than the national survey of employed persons. 
Male participants walked more than the national average in 
the pre-declaration period, whereas female participants walked 
less. Fewer male participants experienced suspension of work 
or loss of employment during the declaration period than the 
national average, whereas more female participants experienced 
it. Moreover, participants may be health-conscious enough to 
manage their daily health activities through the app, and such 
unobserved factors may cause selection bias. Thus, a population-
based study is needed in the future. Second, although the 
number of daily steps was measured longitudinally, participants 
responded by recalling how they spent their time before the 
pandemic. Our questionnaire at the time of the study was not 
formally validated, although our measure of depressive symp-
toms has been validated and widely used.17 18 Hence, there is 
a possibility of recall bias. Third, one cannot conclude a causal 
relationship from this study because we could not assess mental 
health conditions prior to the pandemic. If a significant number 
of participants suffered from depressive symptoms prior to the 
pandemic, this would alter the interpretation of the findings. 
Fourth, we could not adjust for some important covariates such 
as education, household income, number of children, marital 
status and physical health history due to space constraints in the 
survey. If these factors were confounded, the estimations could 
be biased.

In conclusion, the study shows that weekday steps decreased 
during the declaration period and that a decrease in walking 
was associated with depressive symptoms. WFH may miti-
gate the risk, but at the same time may induce longer working 
hours. Our findings show that increased working hours during 
the declaration period were associated with depressive symp-
toms. Employers and the regulatory authority should monitor 
employees’ working hours and ensure minimum rest periods 
to protect employees’ health. Health promotions for consistent 
physical activities, breaking up sedentary time and maintaining 
social relationships during the pandemic appear to be benefi-
cial to public mental health. For individuals, it is important to 
keep track of health behaviours to help them monitor changes 
in work and life patterns and compensate for potentially detri-
mental factors.
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Supplementary File 

Changes in work and life patterns associated with depressive symptoms during the 
COVID-19 pandemic: An observational study of health app (CALO mama) users 

 

eTable 1. Comparison between analytical and excluded sample, 2020, Japan 

Variables 
Analytical sample (n = 2,846) Excluded sample (n = 2,554) 

P-value† 
n % Mean SD n % Mean SD 

Female 1,696 59.6   1,864 73.0   <0.001 

Age   46.0 11.9   42.0 13.5 <0.001 

Full-time worker          

   Pre-declaration period 2,519 88.5   2,232 87.4   0.21 

   Declaration period 2,165 76.1   1,744 68.3   <0.001 

Lifestyle changes          

   Suspension of work or loss of 

employment 
281 9.9   339 13.3   <0.001 

   Increased working hours 243 8.5   182 7.1   0.06 

   Shift to working from home 769 27.0   651 25.5   0.20 

   Increased time on childcare 277 9.7   306 12.0   0.01 

Depressive symptoms 1,140 40.1     1,058 41.4     0.32 

† P-values of t-test and chi-square test for differences between analytical and excluded sample. 

Abbreviations: SD, standard deviation. 
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eTable 2. Comparison between analytical sample and national surveys, 2020, Japan 
 

Variables 
Analytical sample (n = 2,846) National survey 

n % Mean SD n % Mean SD 

Women† 1,696 59.6   2,914 44.0   

Age†         

   <20 56 2.0   104 1.6   

   20-29 254 8.9   962 14.5   

   30-39 518 18.2   1,250 18.9   

   40-49 777 27.3   1,616 24.4   

   50-59 902 31.7   1,306 19.7   

   ≥60 339 11.9   1,383 20.9   

Full-time work†         

   Men 1,112 96.7   3,075 82.9   

   Women 1,407 83.0   1,747 59.9   

Average steps‡         

   Men 1,076  8,171 4,526 1,546  7,644 4,627 

   Women 1,617  6,142 3,550 1,736  6,705 3,514 

Suspension of work or loss of 

employment* 

        

   Men 43 3.7   181 4.9   

   Women 238 14.0   250 8.4   

† The analytical sample was compared with the number of employed persons (10,000 persons) from the 

Employment Status Survey, 2017 (the Statistics Bureau, Ministry of Internal Affairs and Communications). The 

national total number of employed persons was 66,213,000 persons. The number of full-time workers for the 

analytical sample was in the pre-declaration period. 

‡ The average steps in the pre-declaration period for our analytical sample was compared with data of 20-64 year 

old persons from the National Health and Nutrition Survey, 2018 (Ministry of Health, Labour and Welfare). To 

compare with the national survey, we limited the analytical sample to 20-64 year old participants and included 

their data from holidays. 

* The number of those who experienced suspension of work or loss of employment in the national survey was 

from the Labour Force Survey (the Statistics Bureau, Ministry of Internal Affairs and Communications). The 

number was calculated by subtracting the number of those who were absent from work or unemployed in 

February from the number in April, 2020 (10,000 persons). The denominator of the percentage was the total 

number of employed persons in February, 2020 (66,910,000 persons). 

Abbreviations: SD, standard deviation. 
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