
sustainability

Article

A Model of Stress Change under the First COVID-19 Pandemic
among the General Public in Japanese Major Cities and
Rural Areas

Misato Uehara 1,* , Makoto Fujii 2 and Kazuki Kobayashi 3

����������
�������

Citation: Uehara, M.; Fujii, M.;

Kobayashi, K. A Model of Stress

Change under the First COVID-19

Pandemic among the General Public

in Japanese Major Cities and Rural

Areas. Sustainability 2021, 13, 1207.

https://doi.org/10.3390/su13031207

Academic Editors:

Emanuele Cannizzaro and

Carlos Salavera

Received: 2 December 2020

Accepted: 20 January 2021

Published: 24 January 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Research Center for Social Systems, Ina Campus, Shinshu University, 8304, Minamiminowa-Village,
Kamiina-County, Nagano 399-4598, Japan

2 Tonich Engineering Consultant, 3-20 Banzaicho Kita-ku, Osaka City, Osaka 530-0028, Japan;
M_Fujii@tonichi-c.co.jp

3 Research Center for Social Systems, Nagano Campus, Shinshu University,4-17-1, Wakasato, Nagano City,
Nagano 380-8553, Japan; kby@shinshu-u.ac.jp

* Correspondence: ueharam@shinshu-u.ac.jp; Tel.: +81-265-77-1501

Abstract: Research on stress related to the COVID-19 pandemic has been dominated by the cases of
healthcare workers, students, patients, and their stress during the COVID-19 pandemic. This study
examined the relationship between the amount of stress change under the COVID-19 pandemic and
demographic factors (age, sex, occupation, etc.) in residents of a large city and a rural area of Japan. A
total of 1331 valid responses were received in June 2020 from residents of Tokyo, Osaka, and Nagano
registered with a private research firm. We were able to identify 15 statistically significant variables
out of 36 explanatory variables, which explained the significant increase in stress compared to the
pre-pandemic period. Multiple-factor analysis showed that the relationship with people is a more
significant explanatory variable for the level of increase in stress than the difference in environment
between big cities (Tokyo, Osaka) and rural areas (Nagano), the type of housing, and the decrease in
income compared to the pre-pandemic period.

Keywords: novel coronavirus; resilience under pandemic; behavioural change; stress change; Japan;
occupation; region of residence; multivariate analysis; amount of stress change

1. Introduction

As of 29 October 2020, there were a total of 44.5 million confirmed cases of COVID-19
and 1.17 million deaths due to COVID-19 reported globally. In Japan, the cumulative
number of cases had reached 99,804, with 1748 deaths [1,2]. In a statement at the opening of
a meeting, the Director-General Tedros of the World Health Organisation (WHO) stressed
that the new coronavirus situation ‘is a once-in-a-century crisis, and the effects will remain
for decades’ [3]. At the time as when our study was under preparation, studies of the spread
of COVID-19 and the stress caused by self-isolation mainly involved Chinese healthcare
workers and patients [4–7]. In addition, some studies of university students in the new
semester and local residents in China were reported [8,9], but the results were limited to
China. Most research on sustainability under COVID-19 and stress among individuals has
been related to sensitivity prevention [10,11] and to stress within workplaces or occupations
(medical institutions and educational settings) [12–16]. Studies have also examined stress
in new jobs, such as remote work [17,18]. While we were conducting our research, the first
analyses of the stress caused by COVID-19 on a number of specific groups or attributes
were reported, such as health care workers [19–25], adults looking after children [26–28],
pregnant women [29,30], university students [31], elderly people [32], scientists [33], people
with illnesses [34–37], and civil servants [37,38]. As subsequent studies have also focused
on the analysis of stress in the medical profession, an analysis of relative levels of stress
in a group with diverse occupations (including students and unemployed) has yet to
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be reported. The few studies of stress in the general population [39–45], rather than in
individual populations, have indicated that women and people with social isolation were
more stressed during the first pandemic of COVID-19. We assume that there are two
unresolved issues with the studies described above: one is that high or low stress in one
group does not indicate the most supportive group in society as a whole, and the other is
that they did not investigate the change in stress compared to before self-isolation, so the
effects of people who were already highly stressed before the COVID-19 pandemic cannot
be excluded.

Few studies have compared pre- and post-restriction findings in general society [46,47].
Therefore, it is important to comprehensively analyse the relationship between the amount
of change (increase or decrease) in stress compared to before the self-isolation and the
occupation, age, area of residence, range of activities, and community of people with
various other attributes. In this study, we examined the relationship between the amount
of stress change due to the COVID-19 pandemic and demographics (age, sex, occupation,
etc.) in residents of a large city and a rural area in Japan (Figure 1). Japanese regulations
for the COVID-19 pandemic were weaker than in other countries, entailing the declaration
of a state of emergency with no penalties. In addition, many conditions conducive to the
spread of infection were present in Japan, including a high population density and a highly
aged population. Despite these disadvantages, Japan initially showed one of the lowest
death tolls among developed nations. The present study also compared situations between
major cities (Tokyo and Osaka), in which a state of emergency was declared and ‘requests
to refrain from going out of the house for non-essential reasons’ and ‘requests to restrict
the use of amusement facilities’ were implemented for two months, and an area with rich
nature and low population density (Nagano).
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2. Materials and Methods
2.1. Study Design and Participants

Sampling targets were mainly residents of Tokyo, Osaka, and Nagano, Japan. We
asked Asmark Inc. to continue requesting responses from the three main data collection
target regions until the target of 300 people from each region was reached, where the
questionnaire responses were forwarded. Asmark Inc. has 16 million registered users
and specialises in providing market research services in accordance with the international
standard JIS Y20252 (ISO 20252). In June 2020, a total of 1707 people answered the web
survey questionnaire. Incomplete responses and responses in which the same value was
entered for all items related to the target variable, the amount of change in stress, were
excluded, yielding a valid response rate of 66.3% (1131 people). The sample size was more
than 16 times greater than the total number of survey items (62: the number of questions
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for the objective variable of this study, amount of change in stress, vigour, and health (mean
value) (mean value) = 26, and that for the explanatory variables = 36). The sample size
of related studies that included multiple population attributes was also generally around
1000 people.

2.2. Ethical Considerations

The procedures for this study were reviewed and approved by the Institutional Review
Board of the Faculty of Economics and Law of Shinshu University (10 June 2020). Informed
consent, including permission to publish the study results, was obtained by clicking on the
consent button at the beginning of the questionnaire. Those who did not consent or who
stopped answering during the survey were free to quit the survey.

2.3. Variable Definitions
2.3.1. Explanatory Variables

A web questionnaire program with the following information (36 explanatory vari-
ables) was developed with the co-authors. The explanatory variables were as follows:
relationships (availability of support in case of trouble, frequency of conversation) with
family and neighbours; satisfaction with work and family; most restricted public facilities;
most restricted private facilities; changes in daily activities compared to the situation before
the COVID-19 pandemic; changes in daily activities due to COVID-19 (times/week); has
the respondent (and family) done any walking or jogging during the COVID-19 pandemic;
habits of walking/jogging outdoors; sex, age, number of family members who live with
the respondent, environment the respondent grew up in; house the respondent lived in
the longest during childhood; type of current residence; number of years the respondent
has lived in the current residence; history of moving house; occupation; status of income
compared to the situation before the COVID-19 pandemic; and ownership of a private car.

2.3.2. Objective Variables Evaluated Using the Brief Job Stress Questionnaire of the
Japanese Ministry of Health, Labour and Welfare

The objective variable was the amount of change in stress during the COVID-19
pandemic compared to the pre-pandemic period, based on the general stress assessment
questions in Japan. The above reference had 57 items in the Stress Check, which were
divided into three categories: work stress, stress reactions, and stress-relieving factors.
In this study, we focused on two factors, stress response and stress-mitigating factors.
Cronbach’s alpha (the reliability coefficient) of the stress questionnaire of the Ministry
of Health, Labour and Welfare of Japan is reported to be greater than 0.8. In Japan, the
state of emergency declared by the government lasted from 7 April to 25 May, which
we defined as the period during the pandemic before self-isolation. We assumed that
respondents considered the period from autumn 2019 to January, February, and March
2020 to be pre-pandemic when they answered the questionnaire. Stress, vigour, and health
scoring questions were prepared using the Brief Job Stress Questionnaire of the Japanese
Ministry of Health, Labour and Welfare Stress Check in 2015. The questionnaire of the
Japanese Ministry of Health used as a reference includes questions on work-related stress,
but for the purposes of this paper, questions on the amount of change in general stress
compared to before the self-isolation were developed and used in reference to the parts
of the questionnaire relating to general stress, liveliness and physical health. This is a
simple clinical tool for analysing subjective anxiety. Our questionnaire had a total of 26
questions, scored on a 5-point scale to evaluate symptom status. Our modified standard
scoring was as follows: 1 = much less than before; 3 = no difference; and 5 = much more
than before. Questions 1 to 3 are vigour indicators, Questions 4 to 18 are stress indicators,
and Questions 18 to 26 are health indicators (please refer to the questionnaire items for
the objective variable in the appendix). A higher mean score for vigour indicates a more
positive mental state. On the other hand, higher mean scores for stress and health indicate
higher levels of stress and poor health, respectively. A score >3 indicates an increase in
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the value from before the COVID pandemic, whereas a score ≤3 indicates a decrease from
before the COVID pandemic. Since the score for stress change was used as the objective
variable in this analysis, the scores for health and vigour were considered collinear if they
correlated strongly with the stress score, and in that case could not be used as objective
variables. Cronbach’s alpha for the study group for this tool was 0.955.

2.4. Statistical Analysis

In this study, in order to examine the relationship between the amount of stress change
and the 36 explanatory variables, the following three steps were used: (1) correlation
analysis, (2) consideration of the amount of stress change for each significant explanatory
variable, and (3) explanatory modelling of the overall amount of stress change. For the
final model, explanatory variables for which both the correlation analysis and the analysis
of differences per response (categorical variables only) were significant were used.

Categorical data are expressed as frequencies and percentages, and continuous data
are expressed as mean ± standard deviation (SD). Comparisons between two groups
were performed using two independent-sample t-tests, and comparisons between multiple
groups were performed using single-factor analysis of variance. Correlations among
quantitative data (amount of change in self-assessments of vigour, stress, and health
using the Japanese Ministry of Health, Labour and Welfare Stress Check) were analysed
using Pearson’s correlation analysis, and multiple linear regression analysis was used for
multivariate analysis. All statistical analyses were performed using R version 4.0.2, with
two-tailed p < 0.05 being considered significant.

3. Results
3.1. Characteristics of Participants

Figures 2 and 3 show the most important characteristics of this study group. The age
of the respondents was normally distributed, and their occupations were more diverse
than those of previous studies (nurses and teachers), indicating that the study covers a
diverse group of people.
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ber/director, 2. Civil Servant, 3. Self-employed, 4. Company employee, 5. Part time job, 6. Temporary
employment, 7. Unemployed, 8. Student, 9. Domestic duties.

Of the 1131 persons who participated in the survey, 645 were male (57.0%), 482 were
female (42.6%), and 4 were indeterminate (0.4%). Age ranged from 21 to 48 years (32.71 ±
6.52 years), with years of working ranging from 2 to 32 years (8.45 ± 3.86 years).

The place of residence was Tokyo (1) for 396 participants (35.0%), Osaka (2) for 390 par-
ticipants (34.5%), Nagano (3) for 314 participants (27.8%), and other (4) in 31 participants
(2.7%). Overall, 221 people (19.5%) lived alone, while 910 (80.5%) lived with their family
or others. The occupations of participants were as follows: corporate manager/board
member/director (1), 114 (10.1%); civil servant (2), 28 (2.5%); self-employed (3), 117 (10.3%);
company employee (4), 361 (31.9%), part-time employment (5), 131 (11.6%), temporary
employment (6), 14 (1.2%), unemployed (7), 175 (15.5%), student (8), 25 (2.2%); and do-
mestic duties (9), 166 (14.7%). The type of current residence was as follows: detached
house, 563 (49.8%); low-rise apartment (1st–3rd floor), 175 (15.5%); middle-rise apartment
(4th–10th floor); 237 (21.0%); and high-rise apartment (≥10th floor), 156 (13.8%). Private
car ownership was as follows: yes, 713 (63.0%); no, 418 (37.0%).

3.2. Comparisons of Stress, Vigour, and Health Change Average Scores

Of the 1707 people who answered the web survey questionnaire, the 1131 valid re-
sponses showed a mean stress average score of 3.26 ± 0.64. Compared to the situation
before the first COVID-19 pandemic, stress was increased in 809 residents (71.5% of respon-
dents), unchanged in 82 residents (7.3% of respondents), and decreased in 240 residents
(21.2% of respondents). The average stress change in these three subgroups was as follows.
The average stress change in the group with increased stress was 3.535 ± 0.441; the average
stress change in the group with no change in stress was 3 ± 0; and the average stress
change in the group with decreased stress was 2.426 ± 0.546.

3.3. Correlations among Stress, Vigour, and Health Scores

Pearson correlation analysis found the mean stress score to be significantly correlated
with the mean vigour and health scores (r = −0.596 and 0.685, respectively). The correlation
analysis showed a strong negative correlation between changes in the levels of stress and
vigour, and a strong positive correlation between changes in the levels of stress and health.
Since the change in stress score was the objective variable in the current analysis, vigour
and health scores as explanatory variables were removed from multiple regression analysis
to eliminate the issue of collinearity.
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3.4. Correlation Analysis of Amount of Stress Change and All Explanatory Variables

The results of the correlation analysis between the objective variable, stress change
average, and the data of the 36 explanatory variables are shown in Table 1. The explanatory
variables in bold are those for which statistically significant correlations were found (Table
1). The explanatory variables with the largest correlation coefficients were, in order, 1.
Satisfaction with your work (including housework and study), 2. Satisfaction with your
family life, 3. Daily activity change compared to the situation before the COVID-19
pandemic, and 4. Public facilities with the most restricted access under the COVID-19
pandemic. Occupation and age were also found to be significantly correlated with average
stress change. There was no significant correlation between the amount of stress change
and gender (women were more stressed), as found in previous studies.

Table 1. Correlation analysis of the amount of stress change and all explanatory variables.

Questions Answer Classification Correlation (r) p-Value

How comfortable are you communicating
with local acquaintances/neighbours?

Very much/Always (1)

0.122 <0.001
Sufficiently/Frequently (2)
To some extent/Occasionally (3)
Not at all/Never (4)

How comfortable are you communicating
with your spouse, family, friends, etc.?

Very much/Always (1)

0.086 0.004
Sufficiently/Frequently (2)
To some extent/Occasionally (3)
Not at all/Never (4)

How reliable are the local
acquaintances/neighbours?

Very much/Always (1)

0.130 <0.001
Sufficiently/Frequently (2)
To some extent/Occasionally (3)
Not at all/Never (4)

How reliable are your spouse, family,
friends, etc.?

Very much/Always (1)

0.098 <0.001
Sufficiently/Frequently (2)
To some extent/Occasionally (3)
Not at all/Never (4)

Satisfaction with your work (including
housework and study)

Satisfied (1)

0.311 <0.001
Somewhat satisfied (2)
Not very satisfied (3)
Not satisfied at all (4)

Satisfaction with your family life

Satisfied (1)

0.317 <0.001
Somewhat satisfied (2)
Not very satisfied (3)
Not satisfied at all (4)

There were public facilities whose use you
don’t want to be restricted

Yes (1)
0.085 0.004No (0)

Which public facilities did you feel
inconvenience the restricted access under
the COVID-19 pandemic?

None (1)

0.103 <0.001

Schools or nurseries (2)
Libraries (3)
Parks (4)
Community centres (5)
SPA (6)
Sport facilities (7)
Hospitals (8)
Nursing facilities (9)
Others (10)

There were private facilities whose use you
don’t want to be restricted

Yes (1)
0.075 0.012No (0)
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Table 1. Cont.

Questions Answer Classification Correlation (r) p-Value

Which private facilities did you feel
inconvenience the restricted access under
the COVID-19 pandemic?

None (1)

0.063 0.033

Restaurants (2)
Supermarkets (3)
Department stores (4)
Hotels (5)
Nursing homes (6)
Sport facilities (7)
SPA/Massage shops (8)
Bookstores (9)
Bars (10)
Casinos (11)
Others (12)

To what extent have your daily activities
changed compared to before the
COVID-19 pandemic?

No difference (0)

0.139 <0.001
Reduced by 30% (30)
Reduced by 50% (50)
Reduced by 80% (80)
I seldom left my house (100)

The number of
times per week you
went out of
your house

Shopping, lunch,
dinner, etc. (Before
COVID-19 pandemic)

0.027 0.373

Shopping, lunch,
dinner, etc. (During
COVID-19 pandemic)

−0.015 0.618

Exercise (walking,
jogging, etc.) (Before
COVID-19 pandemic)

−0.006 0.838

Exercise (walking,
jogging, etc.) (During
COVID-19 pandemic)

−0.046 0.122

Have you (and your family) done any walking,
jogging on weekdays/holidays during the
COVID-19 pandemic?

Yes (1) −0.056 0.061
No (0)

Your habits of walking/jogging outdoors

I had done it before the COVID-19
lockdown (pandemic) (1)

0.010 0.738I started during the COVID-19
lockdown (pandemic) (2)
I do not have such habits (3)

Sex
Male (1)

0.052 0.083Female (2)
Others (3)

Age 0.087 0.004

Number of family members who live with you
(including yourself) 0.017 0.575

No family living in the same house Yes (1) −0.059 0.047No (0)

Living with spouse Yes (1)
0.020 0.509No (0)

Living with child/children Yes (1)
<0.001 0.990No (0)

Living with parents (including spouse’s
parents)

Yes (1)
0.022 0.463No (0)
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Table 1. Cont.

Questions Answer Classification Correlation (r) p-Value

Living with grandparents (including spouse’s
grandparents)

Yes (1)
0.017 0.575No (0)

Living with brother or sister (including
in-laws)

Yes (1) −0.057 0.057No (0)

Living with others Yes (1) −0.059 0.046No (0)

Environment you grew up in

Mountainous area (1)

0.007 0.811
Rural area (2)
Suburbs (3)
City (4)

House you lived in the longest during
childhood

Detached house (1)

0.038 0.197

Low-rise apartments
(1st–3rd floor) (2)
Mid-rise apartments
(4th–10th floor) (3)
High-rise apartments
(10th floor or higher) (4)

Type of current residence

Detached house (1)

−0.011 0.719

Low-rise apartments (1st–3rd
floor) (2)
Mid-rise apartments (4th–10th
floor) (3)
High-rise apartments (10th floor or
higher) (4)

Number of years you lived in the
current residence 0.097 0.001

About the place of your residence

I live where I was born (1)
0.009 0.765I moved once, now I live in where

I was born (2)
I live in another place than where I
was born (3)

Occupation

Corporate manager/board
member/director (1)

0.066 0.025

Civil servant (2)
Self-employed (3)
Company employee (4)
Part time job (5)
Temporary employment (6)
Unemployed (7)
Student (8)
Domestic Duties (9)

Status of income compared to the situation
before the COVID-19 lockdown (pandemic)

Largely increased (1)

0.068 0.023

Increased to some extent (2)
No difference (3)
Decreased to some extent (4)
Largely decreased (5)
No income (6)

Do you have a car? Yes (1)
0.013 0.653No (0)

Prefectures

Tokyo (1)

0.048 0.106
Osaka (2)
Nagano (3)
Other (4)

Note: The explanatory variables in bold are the variables for which statistically significant correlations were found.
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3.5. Differences per Response Analysis Amount of Stress Change and Categorical
Explanatory Variables

Table 2 shows a comparison of the amount of stress change for each significant explana-
tory variable. The explanatory variables in bold are the variables for which statistically
significant differences in stress level were found (Table 2). For Satisfaction with your
family life, which was the most strongly correlated with the objective variable, the more
dissatisfied the respondents were, the more stress they experienced compared to before the
self-isolation: Satisfied (1): 2.93 ± 0.73, Not satisfied at all (4): 3.74 ± 0.72. For Satisfaction
with your work (including housework and study), which was the second most strongly
correlated with the objective variable, the more dissatisfied the respondents were, the more
stress they experienced compared to before the self-isolation: Satisfied (1): 2.76 ± 0.80,
Not satisfied at all (4): 3.54 ± 0.69. For Daily activity change compared to the situation
before the COVID-19 pandemic, which was the third most strongly correlated with the
objective variable, the more a person’s range of activities decreased, the more stress they
experienced compared to before the self-isolation: No difference (0): 3.11 ± 0.59, I seldom
went out from my house (100): 3.37 ± 0.79. In the fourth most strongly correlated with the
objective variable is "The public facilities which did you feel inconvenience the restricted
access under the COVID-19 pandemic", the amount of increased stress was greater for
those who had more trouble using health and medical facilities: None (0): 3.19 ± 0.65,
Nursing facilities (9): 3.56 ± 0.76.

Table 2. The amount of stress change for each significant explanatory variable.

Question Answer Classification Number
(%)

Stress average
Points

F-
Value

t-
Value

p-
Value

How comfortable are
you communicating
with local acquain-
tances/neighbours?

Very much/Always (1) 27
(2.4)

3.03
±0.85

17.180 - <0.001
Sufficiently/Frequently (2) 129 (11.4) 3.10

±0.63

To some extent/Occasionally (3) 621 (54.9) 3.26
±0.57

Not at all/Never (4) 354 (31.4) 3.35
±0.73

How comfortable are
you communicating
with your spouse,
family, friends, etc.?

Very much/Always (1) 308 (27.2) 3.21
±0.67

8.449 - 0.004
Sufficiently/Frequently (2) 449 (39.7) 3.23

±0.58

To some extent/Occasionally (3) 336 (29.7) 3.32
±0.67

Not at all/Never (4) 38
(3.4)

3.47
±0.76

How reliable are your
local acquain-
tances/neighbours?

Very much/Always (1) 17
(1.5)

3.07
±0.90

19.458 - <0.001
Sufficiently/Frequently (2) 99

(8.8)
3.03
±0.75

To some extent/Occasionally (3) 556 (49.2) 3.25
±0.55

Not at all/Never (4) 459 (40.6) 3.34
±0.68
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Table 2. Cont.

Question Answer Classification Number
(%)

Stress average
Points

F-
Value

t-
Value

p-
Value

How reliable are your
spouse, family,
friends, etc.?

Very much/Always (1) 334 (29.5) 3.21
±0.65

10.912 - 0.001
Sufficiently/Frequently (2) 401 (35.5) 3.21

±0.62

To some extent/Occasionally (3) 335 (29.6) 3.33
±0.62

Not at all/Never (4) 61
(5.4)

3.45
±0.72

Satisfaction with your
work (including
housework and study)

Satisfied (1) 62
(5.5)

2.76
±0.80

121.05 - <0.001
Somewhat satisfied (2) 493 (43.6) 3.12

±0.57

Not very satisfied (3) 379 (33.5) 3.38
±0.57

Not satisfied at all (4) 197 (17.4) 3.54
±0.69

Satisfaction with your
family life

Satisfied (1) 149 (13,2) 2.93±0.73

126.36 - <0.001

Somewhat satisfied (2) 567 (50.1) 3.19
±0.54

Not very satisfied (3) 308 (27.2) 3.38
±0.62

Not satisfied at all (4) 107
(9.5)

3.74
±0.72

There were public
facilities whose use
you don’t want to be
restricted

Yes (1) 746 (66.0) 3.30
±0.63

- 2.843 0.005
No (0) 385 (34.0) 3.19

±0.65

Which public
facilities did you feel
inconvenience the
restricted access
under the COVID-19
pandemic?

None (1) 385 (34.0) 3.19
±0.65

12.104 - 0.001

Schools or nurseries (2) 132 (11.7) 3.19
±0.74

Libraries (3) 185 (16.4) 3.29
±0.61

Parks (4) 36
(3.2)

3.33
±0.57

Community centres (5) 24
(2.1)

3.21
±0.34

SPA (6) 88
(7.8)

3.38
±0.54

Sport facilities (7) 84
(7.4)

3.20
±0.62

Hospitals (8) 140 (12.4) 3.41
±0.59

Nursing facilities (9) 17
(1.5)

3.56
±0.76

Others (10) 40
(3.5)

3.25
±0.72
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Table 2. Cont.

Question Answer Classification Number
(%)

Stress average
Points

F-
Value

t-
Value

p-
Value

There were private
facilities whose use
you don’t want to be
restricted.

Yes (1) 900 (79.6) 3.29
±0.65 - 2.725 0.007

No (0) 231 (20.4) 3.17
±0.58

Which private
facilities did you feel
inconvenience the
restricted access
under the COVID-19
pandemic?

None (1) 231 (20.4) 3.17
±0.58

4.570 - 0.033

Restaurants (2) 175 (15.5) 3.22
±0.59

Supermarkets (3) 226 (20.0) 3.32
±0.79

Department stores (4) 61
(5.4)

3.18
±0.63

Hotels (5) 14
(1.2)

3.57
±0.60

Nursing homes (6) 9
(0.8)

3.46
±0.64

Sport facilities (7) 71
(6.3)

3.31
±0.47

SPA/Massage shops (8) 96
(8.5)

3.32
±0.55

Bookstores (9) 36
(3.2)

3.13
±0.77

Bars (10) 109(9.6) 3.28
±0.48

Casinos (11) 64
(5.7)

3.41
±0.76

Others (12) 39
(3.4)

3.27
±0.71

To what extent has
your daily activity
changed compared to
the situation before
the COVID-19
pandemic?

No difference (0) 198 (17.5) 3.11
±0.59

22.231 - <0.001

Reduced by 30% (30) 220 (19.5) 3.22
±0.55

Reduced by 50% (50) 271 (24.0) 3.24
±0.58

Reduced by 80% (80) 289 (25.6) 3.35
±0.68

I seldom went out from my
house (100) 153 (13.5) 3.37

±0.79

Age - - - - - -

No family living in the
same house

Yes (1) 221
(19.5)

3.18
±0.66 - −1.930 0.055

No (0) 910
(80.5)

3.28
±0.63

Living with others
Yes (1) 18

(1.6)
2.96
±0.66 - −1.812 0.086

No (0) 1113
(98.4)

3.27
±0.65
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Table 2. Cont.

Question Answer Classification Number
(%)

Stress average
Points

F-
Value

t-
Value

p-
Value

Number of years you
have lived in your
current residence

- - - - - -

Occupation

Corporate manager/board
member/director (1) 114 (10.1) 3.26

±0.62

5.006 - 0.025

Civil servant (2) 28
(2.5)

3.37
±0.83

Self-employed (3) 119 (10.5) 3.26
±0.53

Company employee (4) 359 (31.7) 3.18
±0.68

Part time job (5) 131 (11.6) 3.23
±0.72

Temporary employment (6) 14
(1.2)

3.26
±0.61

Unemployed (7) 175 (15.5) 3.38
±0.45

Student (8) 25
(2.2)

2.98
±0.75

Domestic duties (9) 166 (14.7) 3.37
±0.66

Status of income
compared to the
situation before the
COVID-19 lockdown
(pandemic)

Largely increased (1) 5
(0.4)

2.31
±1.32

5.232 - 0.022

Increased to some extent (2) 25
(2.2)

3.36
±0.79

No difference (3) 735 (65.0) 3.24
±0.61

Decreased to some extent (4) 221 (19.5) 3.26
±0.64

Largely decreased (5) 102
(9.0)

3.37
±0.65

No income (6) 43
(3.8)

3.35
±0.75

Note: For the answers to each question and the mean of stress, a t-test was performed for two choices, and analysis of variance for three or
more choices. The explanatory variables in bold are the variables for which statistically significant were found. No additional analysis was
conducted for quantitative data (age, years of residence). Numbers in parentheses in the answers are the variables used in the analysis.

As for occupation, the amount of stress tended to increase more for those who were
considered less financially independent. In addition, the occupations corporate man-
ager/board member/director, civil servant, and self-employed, which have rarely been
discussed in previous studies, also tended to show increased amounts of stress.

3.6. Multiple-Factor Analysis of the Comparison of Stress Change Scores

Multiple regression analysis was performed to select explanatory variables by forward–
backward stepwise regression to create a significant model. The explanatory variables in
bold are the variables for which statistically significant changes in stress level were found
(Table 3).
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Table 3. Multiple-factor analysis of the amount of change in stress in the COVID-19 pandemic.

Dependent Variable Regression Coefficient SE t-Value p-Value

Constant 1.790 0.126 14.200 <0.001

Satisfaction with your family life
(Satisfied = 1, Somewhat satisfied = 2, Not very
satisfied = 3, Not satisfied at all = 4)

0.153 0.025 6.122 <0.001

Satisfaction with your work (including
housework and study)
(Satisfied = 1, Somewhat satisfied = 2, Not very
satisfied = 3, Not satisfied at all = 4)

0.150 0.025 6.090 <0.001

To what extent have your daily activities
changed compared to before the COVID-19
lockdown (pandemic)?
(No difference = 0, Reduced by 30% = 30,
Reduced by 50% = 50, Reduced by 80% = 80, I
seldom went out from my house = 100)

0.002 0.001 3.914 <0.001

How reliable are local
acquaintances/neighbours
when you are in trouble?
(Very much/Always = 1,
Sufficiently/Frequently = 2, To some
extent/Occasionally = 3, Not at all/Never = 4)

0.084 0.026 3.283 0.001

Age (real number provided) 0.004 0.001 3.065 0.002

Which public facilities did you feel
inconvenience the restricted access under the
COVID-19 pandemic?
(None = 1, Schools or nurseries = 2, Libraries =
3, Parks = 4, Community centres = 5, SPA = 6,
Sport facilities = 7, Hospitals = 8, Nursing
facilities = 9, Others = 10)

0.015 0.006 2.394 0.017

Occupation
(Corporate manager/board member/director =
1, Civil servant = 2, Self-employed = 3,
Company employee = 4, Part time job = 5,
Temporary employment = 6, Unemployed = 7,
Student = 8, Domestic duties = 9)

0.017 0.007 2.368 0.018

Note: R2 = 0.173, adjusted R2 = 0.166, F = 30.13, p < 0.001. The explanatory variables in bold are the variables for which statistically
significant changes in stress level were found.

When the mean stress change score was used as a dependent variable, a single-factor
analysis of the stress load utilised 15 significant questions (as in Table 2) as independent
variables for multiple linear regression analysis. The results show that it is the level of
satisfaction, such as Satisfaction with family life, Satisfaction with work, and Reliability of
local acquaintances/neighbours, that has a significant effect on the amount of change in
the stress of different people. The results also show that stress is lower among people who
live alone or with a partner who is not a parent, sibling, or child.

These results indicate that relationships are a more important factor than gender,
which has been reported in previous studies. It was surprising to find that the relationship
with people is the main explanatory variable for the level of increase in stress, more than
the difference in environment between big cities (Tokyo, Osaka) and rural areas (Nagano),
the type of housing, and the decrease in income compared to the pre-pandemic period.
This model can explain 17.1% of the change in stress, as shown in Table 3.
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4. Discussion

In this study, we analysed the relationship between the amount of change (increase
or decrease) in stress compared to before the self-isolation and occupation, age, area of
residence, range of activities, and community of people with various other attributes. We
were able to identify 15 statistically significant variables out of 36 explanatory variables,
captured as the amount of increase or decrease in stress compared to pre-pandemic COVID-
19, in a population composed of diverse people. We developed an explanatory model for
the increase and decrease in stress using the significant variables. The most important
results indicate that personal relationships are a more important factor than gender, which
has been reported in previous studies. This shows that the relationship with people is
the main explanatory variable, for the amount of stress showed a greater increase than
that associated with the difference in environment between big cities (Tokyo, Osaka) and
rural areas (Nagano), the type of housing, and the decrease in income compared to the
pre-pandemic period.

Previous studies have shown that nurses, sick people, teachers, and women are
more stressed. In this study, where the objective variable was the amount of change in
stress compared to before the self-isolation, the results show that the significant increase
according to gender was not as significant as for other variables. In addition, it was
possible to identify the amount of increase in stress in certain occupations (corporate
manager/board member/director, civil servant, self-employed, domestic duties) that have
not been mentioned in earlier studies.

Regarding the contributions of these findings to society, we have shown that it is
important to improve trust in families and communities to reduce stress. This is because it
is more difficult to change other explanatory variables such as gender, region of residence,
occupation, and family structure.

Several limitations of this study should be acknowledged. First, the stress, vigour,
and health scores in this study were based on respondents’ self-scoring of increases or
decreases compared to pre-restraint levels, and they are not absolute values. Another issue
is the low contribution of the explanatory contribution of the increase or decrease in stress
from multiple analyses. This may be due to the fact that the mean values of vigour and
health, which are highly correlated with stress, were not included as explanatory variables.
In the future, it will be necessary to conduct analyses using objectively measures holistic
scores of stress, vigour, and health.

5. Conclusions

In this summary, we analysed the relationship between the amount of change (increase
or decrease) in stress compared to before the self-isolation and occupation, age, area of
residence, range of activities, and community of people with various other attributes. Our
results show that human relationships are a more important factor than gender, which has
been reported in previous studies. We also found that the relationship with people (family
or neighbours) shows a stronger correlation than residential location (big cities or rural
areas). In the future, we believe that further similar comparisons among different cities
around the world and a more detailed analysis on a regional basis are necessary.
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